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ABSTRACT

Vinciguerria lucetia, family Gonostomatidae, is one of the most abundant pelagic
. fishes in the eastern North Pacific hetween the Equator and about 35° N, latitude.
It is an important forage fish.

Development is deseribed from the embryonie to the adult stage. The spherical
pelagic eggs are moderately small (0.59~-0.74 mm.), lack an oil globule, have a seg-
mented yolk and a double shell membrane. The larvae resembleé those of the Pacific
sardine. The marked metamorphosis has been divided into three stages: prometa-
morphie, midmetamorphie, and postmetamorphie. Ossification of the vertebral
column oceurs immediately before metamorphosis. The caudal, dorsal, and anal
fins form during the larval period, but procurrent caudal-ray formation is not com-
pleted until metamorphosis. Rays do not form in either the pectoral or ventral fins
until metamorphosis.

Photophores develop during metamorphosis, at first as white photophores (pro-
metamorphic stage), then as pigmented functional organs. Six or seven pairs of
photophores form late, during the midmetamorphic and postmetamorphic stages.
Photophore formation is completed and all photophores are pigmented by the end of
metamorphosis.

Development is traced from larva to adult for changes in body form, in pigmenta-
tion, in sequence of formation of teeth, gill rakers, and other structures.

Distribution of the larvae of Vinciguerria lucetia within the area surveyed by cruises
of the California Cooperative Oceanic Fisheries Investigations is shown for 2 ycars,
1951 and 1952, Larvae increase in abundance from southern California to southern
Baja California; they are taken throughout the year. The wider distribution in the
eastern Pacific, between 14° 8. latitude and 35° N. latitude is illustrated, and vaii-
ation in photophore number with latitude is pointed up. The range in mean number
of photophores per side in different localities was from 78.50 to 83.40.

Two other species of Vinciguerria oceur in the eastern Pacifie: V. nimbaria and
V. poweriae. Both occur on the fringes of the area routinely surveyed on CCOFI
cruises. Characters used to separate the three species at different stages of develop-
ment are given.
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DEVELOPNENT AND DISTRIBUTION OF VINCIGUERRIA LUCETIA
AND RELATED SPECIES IN THE EASTERN PACIFIC

By ELBERT H. AHLSTROM and ROBERT C. COUNTS, Fishery Research Biologists
BUREAU OF COMMERCIAL FISHERIES

In the extensive area being surveyed routinely
in the eastern North Pacific Ocean by the Cali-
fornia Cooperative Oceanic Fisheries Investiga-
tions (CCOFI), the larvae of three species of
fishes commonly occur that might be confused
with larvae of Sardinops caerulea, the Pacific sar-
dine; these are the larvae of Vinciguerria lu-
cetia, Engraulis mordax, and Leuroglossus stil-
bius. All three are at least as abundant as sardine
larvae, and they often occur together in collec-
tions. The larvae of the four species undoubtedly
compete for food. In order to be able to recognize
the larvae of these four species at all stages of
development, even in samples where larvae are
poorly preserved, we have made a detailed study
of the development of each species. This paper
is concerned largely with the development and
distribution of Vinciguerria lucetia.

Vinciguerria lucetia, family Gonostomatidae,
is one of the most abundant pelagic fishes in the
eastern North Pacific Ocean; however, it is un-
likely that it will ever become a commercially im-
portant species. It attains too small a size (2 to
214 inches) to be esteemed for human food in
America. Because of its great abundance, how-
ever, it is an important forage fish. This is not
entirely speculation; we have examined several
stomachs of albacore and skipjack off Baja Cali-
fornia and Mexico that were filled with this spe-
cies alone. Several records of Vinciguerria, in-
cluding the material used by Hildebrand (1946)
in describing V. pacifici (which we consider to be
a synonym of V. lucetia), and our record from
off the Columbia-Ecuador border, were obtained
from stomach contents of tuna.

V. lucetia has a very extensive distribution. We
have examined material from the eastern Pacific
from 385° N. latitude to about 14° S, latitude. It
has been reported from many other regions.

Nore.—Approved for publication., August 2, 1057.
Bulletin 139.
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Although F. lucetia is the only species of this
genus oceurring commonly in the area routinely
surveyed on cruises of CCOFI, two other species
occur on the fringes of the arvea: V. nimberic and
V. poweriae. The latter species has not been re-
ported previously for the eastern Pacific. Char-
acters used to separate the species and records of -
their occurrence are given in a later section.

We are not attempting a critical review of the
species of Finciguerria, as we have seen no ma-
terial from regions other than the eastern Pacific.
This paper will deal principally with T. Zucetia,
but for completeness some attention will be given
to the two other species, . nimbaria and V. pow-
erige.

The larvae of V. lucetia may not have been de-
scribed previously. Regan (1916: pl. 5, figs. 6, 7)
figured a larva and a metamorphosing individual
that he called Finciguerria lucetia. Since these
figures show no distinguishing characters, it is
impossible to identify the species represented.
The larvae of V. attenuata and V. poweriae were
described by Sanzo (1913, 1931). Jespersen and
Taning (1919, 1926) described larvae of V. nim-
baria (sanzoi) and gave excellent descriptions of
V. attenuata and V. poweriae as well. The dif-
ferences between the larvae of the four species
are discussed later in this paper (p. 399).

Most of the material used in this study was col-
lected on cruises of the California Cooperative
Oceanic Fisheries Investigations, a program spon-
soved by the Marine Research Committee of the
State of California and carried out cooperatively
by the Scripps Institution of Oceanography of
the University of California, the Bureau of Ma-
rine Fisheries of the California Department of
Fish and Game, the California Academy of Sci-
ences, the Hopkins Marine Station of Stanford
University, and the South Pacific Fishery Investi-
gations of the United States Fish and Wildlife
Service.
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Dr. Carl L. Hubbs generously placed at our
disposal the extensive collections made on expedi-
tions by vessels of the Scripps Institution of
Oceanography, and offered useful suggestions
throughout the progress of the work. The illus-
trations of eggs, larvae, and other stages of in-
ciguerria were prepared by George Mattson, and
the charts and graphs by Andrew M. Vrooman
and James R. Thrailkill. Several hundred per-
sons have aided in the collection of material at sea.

Vinciguerria lucetia (Garman)

Mauwrolicus luceting Garman, 1899. Mem. Mus. Compar.
Zonl. (Harvard), vol, 24, p. 242, pl. J, fig. 2 (original
description).

Yinciguerria Tucctia Brauer, 1908. Deutsche Tiefsee-
Exped., vol. 15 (1), pp. 97-98, fiz. 40 (material with
symphyseal photophores referred to 1. Tucetia; probably
mixture of Iucetia and nimbaria). Jespersen and Téin-
ing, 1926, Rept. Danish Ocean. Exped. 1908-1910, vol. 2
(Biology), A 12, pp. 26-28 (comparisons of adult char-
acters of V. lucctia with 3 other species). Parr, 1931.
Bull. Bingham Ocean. Coll., vol. II, No. 4, p. 11 (a num-
ber of records from eastern Pacific between 24°30’ N.
and 11°05’ N.). Horsburgh, 1935. Proceed. California
Acad. Sci. (4th series). vol. 21, pp. 227229 (fairly de-
tailed description of lucetia based on study of 30 speci-
mens).

All of these references, with the exception of
Jespersen and Taning and Parr contain errors,
but all pertain wholly or partly to Vinciguerria
lucetia. Several errors or omissions occur in the
original description of lucetia. Branchiostegals
are invariably 12, not 9 as reported by Garman
(1899) ; the upper opercular photophore is not
mentioned. The symphyseal pair of photophores
is not referred to by Garman in the text, but is
shown in the figure. The isthmian group is given
as 8 per side, hence we assume that the symphyseal
pair is included in this count. Brauer (1906) re-
ferred 37 specimens from the Atlantic and Indian
Oceans to V. lucetia. He was dealing with meta-
morphosing material (12 mm.-17.6 mm. long) in
which the lateral series of photophores between
ventral and anal fing was incomplete. His ma-
terial probably was a mixture of lucetia and némn-
baria. The record of Zugmayer (1911: 56, pl. IT,
fig. 4) is inaccurate; his description and figure ap-
parently refer to V. attenuata. Unfortunately,
this figure was copied as an illustration of V. lu-
cetia by Weber and de Beaufort (1913: 119-120,
fig. 44). The record of Gilbert (1908: 237) for the

Marquesas Islands (Albatross station 3798) was
checked by Horsburgh (1935:229). A compari-
son of numerable characters of V. lucetia as given
by various workers is summarized in table 1.
Horsburgh (1935) gave modal and range values
of morphometric characters for 22 adults and 8
juveniles. He did not include measurements of
individual specimens, so we have not been able to
compare his morphometric data with ours. We do
not substantiate his observation that no great im-
portance can be attached to the presence or absence
of symphyseal photophores. We have never
found this pair absent in adults, and consider its
presence or absence to be diagnostic in' separating
lucetia and némbaria from attenuata and poweriae.

TAsLE 1.—Numerdble characters of Vinciguerria lucetia
as reported by various workers

Gar- | Brauer| Jespersen Hors- | Our ma-
Character man | (1906) | and Taning | burgh terial
(1899) (1926) (1935)
13-16
13-17
10
7
19
7-10+4-5
8-10+18-23
Branchiostegal 12
Photophores; 1
Head:

Orbital 2 2 2 2 2
Opercular.__. 2 3 3 3 3
Symphyseal. 1 1 1 1 1
Branchiosteg: ) 8 8 8 8
7 7 7 7 7

Ventral:
IV 14 14-16 14-15 14-16 13-16
] 8-10 10 9-10 812
. 11 11-13 11-12 11-12 10-13
VA . 11 5-0 10-11 10-11 9-12
Anal-cal 14 12-13 13-14 12-18 12-16

1 Photophore groups are discussed later in this paper (se2 p. 386). Different
workers have used different methods of groupinf photophores; we have put
the counts of the several workers on a comparable basis.

DEVELOPMENT OF
VINCIGUERRIA LUCETIA

EGGS

The egg of Vinciguerria hecetia is moderately
small, spherical, lacks an oil globule, and has a seg-
mented yolk. It is colorless in life and light
straw colored in formalin. The shell membrane
is double. The thin, inner membrane lies close to
the thicker, outer membrane and is irregular in
outline ; neither membrane is sculptured.

Segmentation of the yolk is quite variable, and
this is especially noticeable in early-stage eggs.
The yolk in some eggs is nearly homogeneous; in
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Ficure 1.—Regression of egg size on temperature in degreeé Centigrade, at 1) meters. The line is fitted by the method
of least squares. The statistics for the line are as follows: T=20.6%; y=0.87: b=—0.0071 ; a=0.816; sy-e=0.0155.

others, partly segmented; in still others, com-
pletely segmented. The individual segments are
globular, usually variable in size, and relatively
few. Ocecasionally, eggs contain numerous small
globules of yolk. The perivitelline space is rather
narrow.

Eggs were measured from 42 localities between
32° N, Iatitude and 10° S, latitude (table 2). The
range in diameters of eggs, measured at the outer
shell membrane, was from 0.58 to 0.74 millimeters,
The range in mean diameters of eggs in different
localities was from 0.603 to 0.71S millimeters.
There is a cline in egg size with latitude. The re-
lation is probably one of temperature. A plot of
egg size against temperature (° C.) is shown in
figure 1. The 10-meter temperature is considered
representative of the temperature in the upper

mixed layer. The larger eggs are taken at the
lower temperatures.

The egg of this species has not been described
previously, but the eggs of two Mediterranean
species, V. attenuata and V. poweriae, were de-
scribed by Sanzo (1931). The eggs of these species
ditfer from those of V. fucetia in at least two im-
portant respects: they have an oil globule and are
larger. .

The development of Vinciguerria lucetia eggs
may be divided into the following stages:

1. Early, from fertilization to closure of the
blastopore (fig. 2,2 and ) ;

2. Middle, from closure of the blastopore to the
time that the tail begins to curve laterally away
from the embryonic axis (fig. 2, ¢); and

3. Late, from the time that the tail curves out of
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Fieure 2.—Development of the egg of Vinciguerria lucetia: «, early stage, at development of blastodermal cap;
b, early stage, immediately preceding blastopore closure; ¢, middle stage, with separating tail in same plane as
embryo; d, late stage, just before hatching, lateral view: e, late stage. dorsal view.

plane of the embryonic axis to the time of hatching
(fig. 2, d and e).
Early-stage eggds

The vitelline membrane must be quite delicate,
for it had been broken in most early-stage eggs
studied. The yolk granules remain intact and, as
a consequence, the eggs do not become cloudy or
opaque as happens when this membrane is rup-
tured in eggs of hake (Ahlstrom and Counts, 1955 :
296) and jack mackerel ( Ahlstrom and Ball, 1954 :
210). The characters that aid in distinguishing
early-stage eggs are (1) size, 0.58-0.74 millimeters,
smaller than most pelagic fish eggs; (2) double-
shell membrane, although the inner membrane
may easily be overlooked; (3) lack of an oil
globule; and (4) irregularly segmented yolk.

The embryo at blastopore closure is faintly out-
lined, but the eye has not yet developed, pigment
is not present, and myomeres have not formed.

Middle-stage eggs

The conspicuous changés in development that
occur during this stage include (1) eye formation;
(2) division of body into myomeres; and (3) ap-
pearance of body pigmentation at about the mid-

point of the stage. The pigment on middle-stage
eggs is relatively simple—a row of dorsal spots on
either side of the body ; there is no ventral pigment
and no pigment on the yolk membrane. The most
striking feature about the rows of pigment spots is
their dorsolateral placement. The embryos of
many fishes, including the sardine, jack mackerel,
and Pacific mackerel, have a row of dorsal pigment
spots on either side of the notochord, but it is
rather unusual for the row to be placed as far lat-
erally as in Vinciguerria lucetia embryos. This
character is a definite aid in identifying eggs of
this species.

Late-stage eggs

It is always easier to identify eggs in the late
stage than in the two earlier stages. The embryo
is now more fully developed, and such features as
total number of myomeres and length of intestine
can be used in identification. At least 40 myomeres
can be distinguished on late-stage eggs. The in-
testine extends approximately 0.7 of the body
length. The yolk is pulled back into a wedge along
the intestine—a feature observed commonly in
late-stage eggs of stomiatid fishes, as well.
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TaBLE 2.—Diamelters of eggs of Vinciguerria lucetia from 42 localities in the eastern Pacific

Egg diameter Temper-
. Number (mm.) atire
Station Latitude Longitude Date of eggs (°C.) at
measured 10 meters
Mean Range

5205-93.70. ... 319279 N 120°17.8°' W_. . ______.__ V-15-52. ... .. ... 61 0.706) 0.70-0.72 155
5205-90.90___ 31725° N ___ S| 121080’ Wo V-10-52______ 19 L718 .68~ .74 15.6
5408-100.60. _ 118°47 W __ VIII-31-54 50 703 .66~ .74 18. 4
5205-97.80___ 12029 W_ | V-15-52 S50 702 LB8- .74 16.3
5308-100.80_ 120°%07" W VIII-17-53. . 50 700 .66~ .74 17.4
Norpac 96.__ 120°43.5' W IX-16-55_..__ 17 .675 65— .71 18.5
520:5-103.80. - 119°42° W___ V-22-52______ 50 707 .68~ .74 18. 5
5206-107.65. . 118°25' W VI-20-52..__. 50 . 698 .66~ .74 16. 5
5206-110.55. . 117°18' W___ VI-19-52_ ____ 50 . 705 .66~ .74 16. 4
5408-113.40. . 115°68.5' W VIII-28-54 7 . B85 . 66~ T 2.3
Norpae 110. 117938’ W IX-20-55. 2 679 . B5- . T 20.6
5205-107.80 119°20.5' W V-25-52 18 . 897 .65~ .74 16.8
5206-110.80 118°58" VI-19-5 50 709 .66- .74 17.6
5266-113.70 117955 W _ VI-17-5: 50 . 705 V66— . T 17.9
Norpae 111. 116°35" W IX-18-55___ 25 . 683 .66- .71 19.6
5308-120.50_ 115°52.8' W VIIT-12-53. 50 . 659 .61- .68 19.7
5206-117.70 117°38' W VI-17-52. . . 50 . 662 .61- .70 17.3
Norpac 118. 116°30.5’ W VIII-11-55 9 . 668 .64- .69 19. 4
5401-137.40__ 114°25' W_ __ I-16-54_______ 50 . 857 .63- . 17.8
5308-120.80_ 117°45' W __ VIII-13-53._ . 50 . 665 .63- .70 20.1
6308-130.45. 114927 W__ VIII-10-53._ . 50 . 663 .63-.70 20.8
Norpac 120_ 119°08° W___ _| VIII-12-55._. 17 . 691 .68~ .73 20, 8
5308-130.50 . _ 14°44.5° W VIII-10-53. .. 50 . 662 .63- 20. 5
5308-130.60_ _ . 115°21' W _| VIII-10-53._. 50 . 656 .61- .68 20.7
Norpac 134 116°02' W VIII-11-55. 50 . 688 .85~ .72 21.3
Norpae 121. 120°45' W VIII-12-55 50 . 683 .64- .73 2.6
5401-140.40 112°59° W 50 . 863 63— 20.3
5401-150.40 111°58' W 50 . 653 .63- .68 20.5
Shellback 123°25" W 50 879 .65- .70 10.9
Norpac 139 127°3%' W . 14 687 LB7- . T 20.6
Shellback 9. ... 123058 W_.____ ______ ... 50 688 .65-.71 2.9
Norpac 162__________________. 116°19.5' W_ 150 848 . 81— . 68 249
Norpac 148 ... ... 124°06° W___ 25 675 LA1- .70 2.8
Shellback 67 ... ... 100°35° W 12 511 .59 .62 R1
Shellback 65__.. 101°34’ W___ 6 . 816 .80~ .65 28.3
Shellback 64____ 102°07° W___ 7 . 603 .58~ 2.4
Shellback 77.. 9007 W____ 4 638 . 60- .68 27.9
Shellback 53.. 108°08' W 50 639 .60~ . 66 27.8
Shellback 47.. 111°%' W 6 629 60— .65 22.7
Shellback 35 116°50° W 3 615 L60- .64 25. 5
Shellhack & .| 96°18.5° W 11 €27 .60~ .66 23.3
Shellback ! G905 W 2 646 .Bl- .67 23.9

Dashes of pigment in two lines extend from the
forward part of the head between the eyes to the
back of the head, and continue behind the head as
two rows of dorsolateral pigment spots. Pigment
extends to the tip of the notochord, and there are
some discrete spots on the ventral margin posterior
to the anus. Inthe caudal avea,some pigment may
extend into the fin-fold in 2 or 3 streaks.

By the time the embryo is ready to hatch, the
tail encircles the head. The fin-fold is wide in the
free part of the tail, but narrows anteriorly and
ends at the back of the head.

POSTEMBRYONIC STAGES

Postembryonic development has been divided
into six stages, which can be characterized as (1)
larval, from hatching to photophore formation;
(2) prometamorphic, the white photophore stage;
(3) midmetamorphic, the stage of rapid change
in body proportions, including a marked increase
in depth and a change in eye shape from oval to
round; (4) postmetamorphic, from the time that
the eye becomes round until photophore formation

468546 O =59 -2

and pigmentation are completed; (5) juvenile, be-
tween metamorphosis and sexual maturity; and
(6) adult, sexually mature individuals.

The terminology for the stages of metamor-
phosis is not intended to be general, but clearly
separates the stages in the metamorphosis of
Tinciguerria.

The various stages of development of T inciguer-
ria lucetia were available from newly hatched
larvae through mature adults. We have studied a
series of specimens of each of the six stages. De-
velopment is discussed in the following sequence:

1. Changes in body form from larva to adult;

2. Changes in pigmentation during develop-
ment;

3. Sequence of calcification, including verte-
brae, gill rakers, teeth, branchiostegals, fin forma-
tion, supporting structures of fins; scales; and-

4. Photophore development.

Changes in body form from larva to adult
In addition to standard length, measurements
were made of six body parts: length of head,
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depth at pectoral, width of eye, distance from
snout to anus, distance from snout to origin of
dorsal fin, and distance from snout to insertion of
ventral fins.

The number and size range of specimens used in
studying body proportion in the various stages of
development were as follows:

Number
Stage of speci- | Size range Illustrations
mens (mm.)
measured
Larval__.____. R 100 2.2-18.2 | Fleure 3, a to d.
Prometamorphic. .. 22 | 13.2-19.2 | Figure 8.
Midmetamorphic__. 49 | 13.5-19.2 )
Postmetamorphic.__ 46 | 13.2-20.2 | Figure 9,
Juvenile and adult_______._.__. 51 | 19.2-56.0 | Figures i2 and 13.

We had the opportunity to study changes in
body form during all stages of development, and
we found it desirable to treat each stage separate-
ly. At least as regards this species, we cannot
agree to the statement of Parr (1956: 392) that
“One of the primary purposes and needs of tax-
onomy is to develop expressions that describe a
species or other systématic unit as a whole.”” This
is neither possible nor desirable in a species such
as V, lucetia, that has a marked ‘metamorphosis
for, as will be shown, marked changes oceur in
body proportions during metamorphosis at a time
when there is little or no change in standard
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length; when, in fact, an actual shrinkage has
been postulated (Sanzo 1913, 1981). Any func-
tion that could express in one equation growth
during the 'larval period, metamorphosis, and
later development of V. lucetia would be so com-
plex that it would have little meaning.

We have plotted the actual measurements of a
body part on standard length for each stage of
development. Nearly all of the plots of measure-
ments can be adequately fitted by a straight line
using the method of least squares (y=a+bd2),
without further transforming the values. Such
regressions have the advantages of simplicity in
determining the statistics describing the regres-
sions, and in having an easily comprehended
biological interpretation. The slope of the regres-
sion (b) gives the rate of growth of the body part
with respect to length during the stage of develop-
ment that is being considered. A number of these
regressions are presented in figures, and the statis-
tics describing the series of regressions are given
in table 8. All measurements are of preserved ma-
terial. One of the sources of variation in our
measurements results from differences in “relax-
ation” of specimens at time of preservation. An-
other source is the preservative used, as specimens
in alcohol preserve somewhat differently from
those in formaldehyde.

TABLE 3.—Statistics describing regressions of body measurements on standard length for Vinciguerria lucetia

Body proportion . Standard i ¥ n b [ wr
) length
Head length: Mm.
Larval'_g ________________________________________________________________________ 2.2-18, 2 8.15 1.73 100 0.214 0.012 0.1219
Prometamorphic. 13.2-19.2 16.82 3.52 22 173 . 605 . 1604
Midmetamorphie 13.5-19. 2 16. 58 3.69 50 . 159 1.043 L1425
Postmetamorphie 13.2-20.2 16. 47 4.33 45 . 261 .029 1395
Juverii}ie'and adult. 19. 2-58. 0 31.91 8.53 51 . 283 . 140 3193
Body at depth pectoral:
La’;\'ral.. ?.".'.P.e_ ________________________________________________________________ 2.2-18.2 8,22 .67 97 .068 —. 137 0727
Prometamorphie..... 13.2-19.2 16. 82 1.67 22 . 082 202 1738
Midmetarhorphic ... 13.5-19.2 18. 58 2.00 50 . 007 397 1768
Postmetamorphic.. . 13.2-20. 2 16. 50 2.61 46 .180 —. 360 1724
Juvenileand adult_.______ ..l 19.2-56.0 31.01 5.81 51 174 240 3189
......... 2.2-18.2 8. 50 .34 91 . 039 007 -0340
Prometamorphic. 13.2-19.2 16,82 .70 22 . 041 .01 - 0566
Midmegtamprphie 13.5-10.2 16. 58 .76 50 . 042 068 . 0871
Postmétamorphic._ . 13.2-20.2 16. 95 1.27 51 . 118 —. 687 1817
stvtegloﬂeantd x}dult ............................................................. U NP 3 T IR NSRIN NN (R P
nout to ventral: -
2 ¥ 2,2-18.2 13.78 8.97 1 .469 . 508 . 1352
Prometamorphic_ ... _ 13.2-19.2 16.82 8.37 22 . 460 475 . 2718
Postmatamorphic. Bema| iwe| | | aml @l m
Postinetamorphic__ . 2-20, 2 i3 .76 . . |12
Juvenile and gdl'xl_t.. 19, 2-56.0 3L.91 15. 50 51 . 531 —1.132 3725
Snout to'dorsal:
LTVl e —————————— 2.2-18.2 11.08 7.01 57 . 5685 .739 . 1887
Prometamorphie. e 13.2-19.2 16, 82 10, 30 2 . 586 . 436 . 2085
Midmetamorphie_ . ___ .l 13. 5-19. 2 16, 58 9.76 50 . 588 . 007 . 2240
Postmatamorphie. e 13.2-20. 2 16. 50 9,25 46 . 504 . 938 L1149
Juvenlleandadult. . ___________ll. ... .1 ... 19.2-56.0 31.91 17.98 51 . 592 912 . 4307
Snout to anus: " "
Larval. 2.2-18.2 8.15 6. 00 100 L7384 . 020 . 2044
Promeétamorphic_ 16. 82 11.98 22 . 865 ' 824 . 2307
Midmetamorphic 18. 56 11.12 48 . 697 —. 424 L2271
Postmetamorphic__ 16.50 10. 58 46 . 607 . 564 . 1255
Juvenile and adult 31.91 20, 97 51 .710 | —1.668 . 5464
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Freure 3.—Development of the larva of Vinciguerria lucetiu: a, larva, 2.2 mm. long: b, larva, 6.0 mm. long; ¢ larva,
9.0 mm. long; d, larva, 13.1 mmi. long.

From our study of larval growth in a number
of species, we found that a simple size-on-size re-
gression is preferable to a ratio-on-size regres-
sion. The regression line will seldom pass through
the origin, and for a very simple reason. A body
part must have some size at its differentiation.
When the head differentiates on an embryo, for
example, the embryo is already a millimeter or so
in length. It often happens that the head at for-
mation will constitute a different proportion of
the standard length than it does subsequently.
Whenever this happens, a rectilinear regression of
size-on-size will have a y-intercept different from
0. But this line has more validity than one that
would pass through the origin, for it will pass
through the point representing the size of the part
at its initial formation. For this reason, we be-
lieve that Parr (op. cit.:378) is mistaken when
he states that a regression curve must pass through
the origin.

Larvae—The larvae (table 4, fig. 3) are thin
and threadlike at hatching. The head is moderate
in length and width ; head length about 20 percent
of the standard length ; head width slightly great-

er than body width. The regression of head length
on standard length is somewhat curvilinear (fig.
4). For simplicity we have fitted a straight line
to the regression by the method of least squares.
The regression of head length on standard length
for V. némbaria and V. poweriae does not appear
to be curvilinear. Original measurements of lar-
vae and other stages of development of V. lucetia
are given in an appendix. The rate of increase in
head length during the larval period as thus de-
termined is 0.215 millimeters per 1.0-millimeter in-
crease in standard length.

In very young larvae, the depth (at pectorals)
1s only about 7 percent of the standard length.
The increase in depth during the larval period is
at a faster rate than this, being slightly less than
0.1-millimeter for each 1.0-millimeter increase in
length (fig. 5).

The eyes are approximately spherical in newly
hatched larvae and pigment forms almost immedi-
ately. In larvae about 3 millimeters long the eye
has become oblong and slightly stalked. In meas-
uring the oblong eye, the width was taken directly
across the narrower dimension. The eyes increase
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FicURE 4—Regression of head length on standard length for Vinciguerria lucetia larvae.

The measurements were made

on 100 specimens, shown in the figure as individual dots. The regression line is fitted to the data by the method

of least squares.

in width approximately 0.04 millimeter for each
1.0-millimeter increase in standard length (fig. 6).

The digestive tract underlies much of the body
(the distance from snout to anus is over 70 percent
of the standard length). The regression of the

{Refer to table 8 for statistics describing the line).

distance of snout to anus on standard length ap-
pears to be slightly curvilinear; however, it is so
nearly straight that for practical purposes it can
be considered to be a straight line, The regression
of the distance from snout to anus on standard

TaBLE 4.—Average counts and measurements of larvae of Vineciguerria lucetia

[D—dorsal; V—ventral; LP—larval pectoral]

Average body measurements (mm.) Meristic counts
Number Caudal fin
Standard length of
specimens| 8tand- | Head Eye | Depth | Snout | Snout | Snout | Verte- | Dorsal | Anal | Pecto- | Vent-
ard | length | width at to to to brae fin fin | ral fins | ral fins . Secondary
length pectoral]l anus | dorsal | ventral Pirml-
clpal
D \
20-24mm._ ... 6 2.4 0. 4 0.12 0.17 ) O
2529mm. ... 4 2.8 .5 12 W17 L7 |---
3.0-34mm.. ... 3 3.0 .8 .14 .19 2.1 |---
3.58.9mm. . ... 5 3.6 .1 .15 .22 2.8 |---
4044mm__. . .____ 5 41 .8 .16 .26 3.0 |--
454.9mm_ .. ... 5 48 .9 .18 .36 3.5 |-
5.0-54mm._.._ . .__. [ 5.2 11 .3 .35 3.9 |..
55-59mm.__..._.____ 4 5.8 1.3 .22 .40 4.4 (
6.0-64mm.____._.__._ 3 6.2 1.4 .25 AT 4.8 (..
8.5-6.0mm.___....__ . 3 6.7 1.4 .27 .47 50 4.5
7.0-74mm_ ... 4 7.4 1.8 .08 .52 5.6 5.0
7.5-79mm_ ... 4 7.6 1.8 .30 .55 57 5.0
8.0-84mm.____.._.__. 5 8.3 19 .33 .87 6.4 5.5 1 1
8589mm.___..._____ 4 8.7 2.0 .33 .69 6.4 5.6 1 1
9.0-94mm._________.. 2 9.2 2.2 .38 .78 6.9 6.0 1 1
9.5-99mm.___.._..._. 3 9.6 2.0 .87 .79 7.2 6.2 1 1
10.0-10.9 mm_.._.__ 4 10.4 2.4 .40 .99 7.8 6.6 2 2
11.0-11.9 mm 11 1L.5 2.5 .48 .94 8.9 7.2 2 2
12,0-12.9 mm... 3| 124 2.7 48| 1,02 9.1 7.7 2 2
13.0-13.9 mm.__ 6| 185 2.9 .55 L21 9.8 8.3 4 3
14.0-14.9 mm 5| 14.7 3.0 .61 1.38 | 10.7 9.1 5 4
15.0-15.9 mm 2| 154 3.2 .58 L4 11.2 9.2 6 4
16.0-16.9 mm 1 18.2 3.4 .66 1.60 11.8 10.2 4 4
17.0-17.9 mm 1 17.2 3.3 .60 1.60 12.5 10.4 5 4
1R.0-18.2mm._ ... ___ 1 18.2 3.8 ".65 1.60 13.1 11.2 6 4

*Uroneurals associated with urostyle and hypurals are present.
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Fiaure 5.—Regression of body depth on standard length for Vinciguerria licetiu larvae, fitted by method of least
squares (refer to table 3 for statisties describing the line).
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F1cURE 6.—Regression of eye diameter on standard length for Vincigucrria lucetia larvae, fitted by method of least
squares (refer to table 3 for statistics describing the line).

length when fitted by the method of least squares
gives a rate of increase of 0.73 millimeter for each
1.0-millimeter increase in length (fig. 7).

The measurements involving fins, such as the
distance from snout to origin of dorsal or snout to
insertion of ventrals, are available only for larger
larvae. The dorsal fin forms soon after the cau-
dal, and measurements of distance from snout to
dorsal are available for most larvae longer than
6.5 millimeters. The ventral fins form at the very
end of the larval period; the preventral measure-
ment was available for only 11 larvae out of 100
studied. The snout-dorsal distance increases ap-
proximately 0.58 millimeter for each 1.0-milli-
meter increase in length during the larval period.
The snout-ventral distance increases approximate-
ly 047 millimeter for each 1.0-millimeter increase
in length.

Metamorphosing individuals—Metamorphosis
may be characterized as the period during which
marked changes occur in body proportions and
body structures without any marked increase in
standard length. The length may not increase at
all, or it may even diminish.

The degree of ossification that takes place dur-
ing the larval period will have a marked bearing
on changes in standard length that can oceur dur-
ing metamorphosis. If the vertebral column, for
example, is completely formed before metamor-
phosis, the standard length cannot decrease to any
appreciable extent. In Tinciguerria, the vertebral
column ossifies immediately prior to metamor-
phosis. The individual centra are separated from
each other by a narrow unossified space. Some
compression does occur at these points, but it
does not seem reasonable to us that as much shrink-
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Ficure 7.—Regression on standard length of distance from énout to anus (open circles), of distance from snout to origin
of dorsal (4). and of distance from snout to insertion of ventrals (closed circles) for Vinciguerria lucetia larvae.

The lines are fitted by the method of least squares.

age could occur as has been postulated by Sanzo.
Any species, such as the fresh-water eel, that
shrinks markedly during metamorphosis does so
before the vertebral column ossifies.

As mentioned previously, metamorphosis of
Finciguerria naturally falls into three stages (a
prometamorphosing individual in the white
photophore stage is shown in figure 8; midmeta-
morphosis is not illustrated; a postmetamorphos-
ing specimen is shown in figure 9). Regressions
of three body measurements on standard length
are illustrated in figure 10 for the prometamorphic
stage, and in figure 11 for the postmetamorphic.

Specimens of T. lucetic. metamorphose at a
smaller size in the area south of 25° N. latitude
than in the northern part of its range. The small-
est specimens examined of each of the three stages

(Refer to table 3 for statistics describing the three lines.)

of metamorphosis in the two regions were as
follows:

Southern Baja Cali- | Southern California

Stage fornia (20°-25° N. | and northern Baja
latitude) Callfornia (30°-
35° N. latitude)
Prometamorphic._..._______ 18.2mm. 17.2m,
Midmetamorphie. .. | 185mmo.. . _..__._| 174 mm,
Postmetamorphie... ... __. 13.2mm. oo 16.5 mm.

The extent of the changes in body proportion
that occur in each of the three stages of meta-
morphosis can be seen by comparing the average
proportions of individuals of the same standard
length (table 5). Two sizes have been chosen:
13.5 millimeters, which is at the lower end of the
size range of all three stages, and 19.0 millimeters,
which is at the upper end.
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Ficure 8.—Prometamorphoging specimen of Vinciguerria lucetia 15.0 mm, long, collected near Cape San Lueas, Baja
California (station 157.10). ’

FIGURE 9.—Postmetamorphosing specimen of ¥V incigu-erriaI lucetie 16.0 mm. long, from off southern Baja California
(station 153.20).

The following changes occur in the body pro-
portions studied :

Head length: Relative length of the head in-
creases about 20 percent between the larval stage
and the postmetamorphic. Prometamorphosing
individuals are uite similar to larvae.

Eye diameter: A marked increase in eye di-
ameter occurs between the larval and postmeta-
morphic stages, amounting to about 80 percent.
The eye changes in shape from oval to approxi-
mately round, and loses its semistalked condition.

Body depth: A striking increase in body depth
results during metamorphosis, amounting to about
80 percent in postmetamorphosing individuals.
There is a simultaneous increase in the depth of the

abdominal cavity, accompanied by a marked aug-
mentation of pigment in the peritoneal tissues.

Distance from snout to insertion of ventral fins:
A slight decrease in this dimension occurs during
metamorphosis, amounting to somewhat less than
10 percent.

Distance from snout to origin of dorsal fin: The
proportionate distance from snout to origin of
dorsal fin is about 10 percent longer in larvae than
in postmetamorphosing specimens of the same
size.

Distance from snout to anus: There is a greater
difference in this dimension between larval and
postmetamorphic stages than in the preceding di-
mension; the decrease during metamorphosis

TABLE 5.—Average body dimensions and proportions of developmental slages of Vinciguerria lucetia at two selected lengths

[A1l values based on regression lines]

Average body measurements (in mm.) Body proportions as percentage of standard Jength
Stage
Head Eye Depth | Snout to { Snout to | Snout to | Head | Eye |Depthat; Snout to | Snout to | Snout to
length width |at pectoral| ventral dorsal anus length-| width |pectoral| ventral dorsal anus
13,5 mm.:
Larval . __ .. 2 88 0.54 1.19 6. 84 8.37 9.91 [ 21.33 4. 00 8, 81 50. 67 62,00 73. 41
Prometamorphic. 2.94 .56 1.40 6. 81 8.35 9.78 | 21.78 4.15| 10.37 50. 44 61.85 72.4
Midmetamorphic. 3.19 .63 1.7 6.38 7.95 8.98 [ 23.83 4,67 | 12.50 47,26 58. 9 66. 52
190 Postmetamorphie.. ... _.__ 3.55 .97 2.07 8. 41 7.7 8.80 | 26.30 7.189 | 15.33 47.48 57.33 65.19
LU mm,:
Larval. ... 4,05 .75 1.73 9. 42 11. 48 13.95 | 21.32 3.95 9.11 49, 58 60, 42 73.42
Prometamorphie._ 3.90 .79 1.85 9.39 11, 57 13.43 | 20.58 4.16 9. 74 49, 42 60, 89 70. 68
Midmetamorphic. 4.07 .86 2.24 9.10 11.18 12.82 21. 42 4. 53 11.79 47.89 58. 84 67. 47
Postmetamorphic 4.99 1. 41 3.06 8. 86 10. 51 12,09 | 26.26 7.42 | 16.11 45, 63 55,32 63.
Juvenile_ ... .. 514 1.65 3.56 8.77 10, 34 11.81 | 27.05 868 | 18.74 16.16 54,42 62.16
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amounts to between 13 and 18 percent, depending
on size. Some of the decrease in this dimension
is due to an actual shortening of the intestine.
The intestine, including the anal papilla, extends
beyond the origin of the anal fin in late-larval and
prometamorphosing individuals, but contracts

N T T

into a more anterior position, usually between the
last two pairs of ventral VA photophores during
metamorphosis.

Very little change occurs in total length during
metamorphosis. We found the size range of in-
dividuals in the three metamorphic stages to be

o
T

BODY MEASUREMENTS
o ©
I |

| | 1 |

] l . J 1 {

o

13 14 5 16 17 I8 19
STANDARD LENGTH IN MM.

Freuge 10.—Regressions on standard length of the distances from snout to anus (open circles), from snout to the origin
of dorsal fin (4), and from snout to insertion of ventral fins (closed circles) of the prometamorphic stage of
Vinciguerria Tucetiu. The lines are fitted by the method of least squares (see table 3).
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. Figure 11.—Regression on standard length of the distance from snout to anus (open circles), from snout to the origin
of dorsal fin (4). and from snout to insertion of ventral fins (closed circles) of the postmetamorphic stage of
Vincig-u-err-ia lucetia. The lines are fitted by the method of least squares (see table 3).

almost identical. Although there is little increase
in length, there is no evidence of an actual de-
crease (shrinking) in total length during meta-
morphosis. A decrease in length of V. poweriae
and V. attenuata during metamorphosis has been
claimed by Sanzo and by Jespersen and Taning.

Juveniles and adults—The rate of growth of
body parts appears to be the same during the
juvenile and adult stages (figs. 12 and 13), hence
these two stages have been combined in our mor-
phometric studies. During metamorphosis, three
proportions increased relative to standard length
(head length, eye diameter, and body depth), and
three decreased (distances from snout to ventrals,
snout to dorsal base, and snout to anus). The

468546 O -59 -3

growth rate of the head during the juvenile and
adult stages is about the same as during post-
metamorphosis—an increase of slightly over 0.26
millimeter for each 1.0-millimeter increase in
standard length. The depth of body also in-
creases at a rate that is similar to that found
for postmetamorphosing individuals—0.174-milli-
meter increase in depth for each 1.0-millimeter in-
crease in standard length.

We have not attempted to fit a curve to the eye
measurements, but the size-on-size plot is marked-
ly curvilinear.: The eye diameter in larger adults
is proportionately less than in juveniles. Hilde-
brand (1946) has emphasized the proportionately
smaller eye diameter in his description of Vinci-
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Ficure 12.—Harly juvenile of Vinciguerria lucetia, 19.5 mm. long, from off Point Abreojos, Baja California
' (station 130.35).

F1aure 18.—Adult of Vinciguerria lucetia, 43.5 mm. long, from off Guadalupe Island.

guerria pacifici, based on large adult specimens,
but this ‘apparent difference from V. lucetia has
not held up.

The distance from snout to anus increases 0.71
millimeter per 1.0 millimeter of growth—only
slightly less than during the larval period. The
distance from snout to origin of the dorsal fin,
which showed a proportionate decrease during
metamorphosis, again increases at a rate which is
similar though slightly higher than that deter-
mined for the larval period. The same applies to
the distance from snout to ventral fin bases
(fig. 14).

The body parts that showed an increase in
growth rate relative to standard length during
metamorphosis, retained the higher rate during
the juvenile and adult stages. The three measure-
ments that showed a decrease in growth rate dur-
ing metamorphosis did not continue at the de-
creased rate during later life, but reverted to a
rate that was similar to that obtaining during the
larval period.

Changes in pigmentation during development

Larval pigmentation—The pigmentation of
newly hatched larvae (approximately 2.0 mm, in
length) and of larvae up to about 4.0 millimeters
in length (fig. 3, ) differs markedly from that in
larger larvae. At time of hatching, pigmentation
is similar to that described for late-stage eggs, i. e.,
the principal feature is a line of dorsolateral pig-
ment spots on either side of the body. In addi-
tion, there are a few ventral spots posterior to the
anus and often 2 or 3 streaks of pigment in the
caudal fin-fold. In larvae between 2.0 and 4.0
millimeters in length, the pigment migrates ven-
trally and the number of discrete pigment spots
markedly decreases. For example, in yolk-sac
larvae between approximately 2.0 and 2.5 milli-
meters in length there are 10 to 12 lateral spots
between the head and anus, 2 or 3 ventral spots
behind the anus, as well as streaks of pigment in
the caudal fin-fold. Thereafter, until about 4.0
millimeters in length, the number of lateral spots
is gradually reduced, after which size none is
to be observed. If lateral spots represent migrat-
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ing pigment, which is likely, the migration must
_occupy a considerably longer time than similar
pigment movements in the larvae of the sardine,
jack mackerel, Pacific mackerel, and other species
that we have observed. At about 4 millimeters in

length, the larvae show very little pigmentation..

The usual pigmentation consists of only about
three inconspicuous spots : one behind the pectoral
fin (postpectoral spot), one above the anus (anal
spot), and the other about midway between the
anus and the end of the notochord (precaudal
spot).

Throughout the remainder of the larval period
(fig. 3, b—d), the pigment is usually confined to
eight spots (or patches). These are (1) prepec-
toral spot—mnear base of pectoral fin; (2) post-
pectoral spot—approximately 1 millimeter behind
pectoral fin; (3) anal spot—pigment spot above

anus; (4) anal-base pigment—one to three pig-
ment spots above posterior half of anal base; (5)
precaudal spot—a lateral pigment spot midway be-
tween anus and end of notochord (or base of
caudal fin); (6) caudal spot—located approxi-
mately 1 millimeter before end of notochord (or
immediately before caudal base after flexion of
notochord) ; (7) pigment at base of upper caudal
rays; and (8) pigment at base of lower caudal
rays.

A detailed study was made of the pigmentation
of 79 specimens of larvae that measured between
4.3 mm. and 17.3 mm. in standard length. Pig-
mentation of a selected group of these larvae is
given in table 6. The eight pigmented areas were
never observed on any one individual, and only
about. 10 percent of the specimens examined had
more than five of the pigmented areas developed.
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Figure 14.—Regressions on standard length of the distance from snout to anus (open circles), from snout to the origin
of dorsal fin (4 ), and from snout to insertion of ventral fins (closed circles), of juveniles and adults of Vinciguerrie
lucetia. 'The lines are fitted by the method of least squares (see table 3).
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Three of the pigment spots occurred only on larvae
smaller than 9.0 millimeters. Theése were the post-
pectoral, anal, and precaudal spots. The anal spot
was observed on only 8 individuals, the postpec-
toral spot on 14, and the precaudal spot on 24.
The caudal spot was the only one found on larvae
of all sizes. Seventy-six of the 79 individuals ex-
amined -had this spot. The prepectoral spot was
not observed on any larva smaller than 6.2 milli-
meters, was found on approximately half those be-
tween 6.2 and 9.0 millimeters, and on nearly all
those longer than 9.0 millimeters. The pigmenta-
tion above the base of the anal fin usually was not
present until after fin formation, however it was
found on all larvae of more than 7.5 millimeters in
length. At first formation, only a single pigment
spot was present in this area; the number in-
creased to 2, 3, or occasionally 4 spots on older
larvae. The pigment at the base of the caudal fin
rays formed initially soon after caudal-fin forma-
tion in the upper part of the caudal fin. Pigment
along the base of the lower part of the fin was not
consistently present until larvae were more than
8.5 millimeters in length.” The pigment on the
caudal fin consisted of elongated dashes rather than
spots. '

TaBLE 6.—Location of pigment area in Vinciguerria lucetia
larvae of more than 4 millimeters standard length

Pigmentation
at hase of
Standard | Prepec-| Pec- | Anal {Anal-fin| Pre- |Caudal| caudal rays
length toral | toral base ! | caudal
Upper | Lower

4.3 mm.. X D. G R

48 mm.. X .

53 mm.. X X

5.6 mm.. X X

6.3 mm._ X X

6.8 mm.. X X

7.3 mm.. LI X

7.8 mm__ 1 X X X e

83 mm._. 2 X X feoooaoo
82mm...| X {--.... 2 X X X
9.7 mm._ 21 X X X
10.6 mm.__ 2 X X X
1.5 mm.__ 3| X X X
125 mm___ 2 X X X
133mm...|] X |..___. 2 X X X
153mm...| X |...... 3 X X X
162mm...| X {.___. [ R—— X X X
173mm...| X ... [ % P X X X

! Number of discrete pigment spots above anal-fin base.

The caudal pigment spot, located just anterior
to the end of the notochord before caudal-fin for-
mation and just anterior to the base of the caudal
fin after caudal formation, is perhaps the most
diagnostic pigmentation in Vinciguerria larvae.
"The location of the caudal spot is of taxonomic
value in separating the species: in V. attenuata and

V. poweriae the caudal spot is on the lateral mid-
line, whereas in V. lucetia and V. nimbaria the
spot is close to the ventral margin.

Pigmentation changes during metamorphosis.—
Pigmentation in the three stages of metamor-
phosis is separately discussed.

Prometamorphic stage: At the initiation of
metamorphosis, when photophores are in the white
or colorless stage, the pigmentation remains the
same as in larger larvae (fig. 8).

Midmetamorphic stage : The principal augmen-
tation of pigment during the period of rapid
change in body proportion is in two areas, the
head and the peritoneal wall. The pigment on
the head is embedded on the back of the cerebellum
and some extends over the crown. During this
stage there is a rapid increase in the depth of the
body cavity and the simultaneous appearance of
considerable peritoneal pigment, particularly in
the dorsal wall and in the posterior portion of the
abdominal cavity. By the end of the stage there
is a light stippling of pigment between the ventral
photophores, a streak of pigment on the border
of the eye just above the posterior ocular photo-
phore, and a few pigment spots on the operculum.

Postmetamorphic stage : During this stage there
is a marked increase in body pigmentation, parti-
cularly along the back from the head to the tail.
On postmetamorphosing individuals, various
stages in the development of dorsal pigmentation
have been observed. The dorsal pigment appears
just bebind the head (fig. 9) and then gradually
extends back., It usually is not developed along
the entire length of the back until the very end of
this stage. Simultaneously, there is an increase
in the pigmentation on the crown of the head, a
spread of pigment laterally on the nape, an aug-
mentation of the peritoneal pigment, including a
lateral spreading, and an increase in the stippling
of pigment between the ventral photophores (IV
and VA groups). The caudal pigment spot is
still observable during this stage and embedded
pigment appears in this region. The line of pig-
ment at the base of the caudal rays intensifies and
some pigment extends distally a short distance be-
tween the rays.

Juvenile and adult pigmentation—The pig-
mentation described here for juveniles and adults
was observed on preserved specimens that had lost
their scales, Obviously, it will not apply to living
specimens. The basic pattern of pigmentation is
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laid down during postmetamorphosis, and subse-
quent pigmentation mostly serves to intensify this
pattern. However, during the juvenile and adult
stages various minor but characteristic pigment
marks appear. Several of these are on the head;
2 spots appear on the snout between the 2 anterior
ocular photophores, a dash appears on the lower
jaw just anterior to each SO photophore, and stip-
pling forms along the premaxillary and anterior

border of the maxillary. There is a spread of the

pigment bordering the eye, and an increase in the
amount of pigment on the crown and operculum.
From the nape the pigment spreads to below the
midline, but along the caudal portion of the body
it does not spread below the midline. However,
embedded pigment can be observed on some speci-
mens above the anal base and the amount of em-
bedded pigment in the vicinity of the urostyle
and ultimate vertebra increases in juveniles and
adults. On adults, pigment has been observed ex-
tending between and outlining the principal cau-
dal rays, but no pigmentation of the other fins has
been observed.

Sequence of calcification

As noted previously, our study was made on
cleared and stained material. Bone material stains
red with alizarin, hence the sequence of calcifica-
tion can be readily followed.

Calcification proceeds more slowly in Vinei-
guerria larvae than in most other species we have
studied in detail. During much of the larval pe-
riod, the only structures that show ossification,
other than the unpaired fins, are parts of the head,
the pectoral girdle, and the structures associated
with the urostyle. The cleithrum takes the stain
almost immediately in the newly hatched larva.
The mouth parts and the head bones gradually
differentiate during the larval period. The uro-
neurals first stain in larvae about 7.5 millimeters
long, but no ossification of vertebral centra or
spines is discernible until the larvae are approxi-
mately 11 millimeters or more in length.

Vertebral development—The uroneurals and
hypurals associated with the urostyle develop con-
siderably earlier than the remainder of the verte-
bral column. The uroneurals take stain in some
specimens about 7.5 millimeters long, and the hy-
purals form soon after. As pointed out later, there
are at first 7 hypural elements, but these are sub-
sequently reduced by fusion to 5.

The vertebral column does not begin to ossify
until near the end of the larval period. Ossifica-
tion of vertebrae is also delayed in other deep-sea
fishes (Leuroglossus stilbius, for example) but not
in most fishes.

The centra of vertebrae ossify before the neural
or haemal spines. The first vertebral centra to
ossify are some distance back of the head. They
appear in about the center of the precaudal group
and ossification of centra then proceeds in both
directions. The complete group of precaudal cen-
tra sometimes ossifies before any of the caudal
centra, but usually the anterior 1 or 2 centra form
after some caudal centra can be distinguished.
Differentiation of the caudal group, with the ex-
ception of the urostyle, proceeds posteriorly. Be-
fore the ultimate centrum forms, its haemal spine
can be distinguished. Differentiation of haemal
and neural spines, unlike that of the centra, begins
at the ultimate centrum and proceeds forward. A
centrum does not ossify along its entire length at
initial formation, rather, a narrow band of each
centrum forms first and ossification then gradually
spreads throughout its length.

The size of larvae at which the vertebrae ossify
varies with locality. In areas where metamorpho-
sis begins at about 13 or 14 millimeters the verte-
brae begin to ossify at about 11 millimeters. In
localities where metamorphosis begins at larger
sizes (16 to 19 mm.), vertebral development is cor-
respondingly delayed. Initial ossification of cen-
tra is usually complete by the prometamorphic
stage, but the neural and haemal spines form dur-
ing metamorphosis. _

The range in number of vertebrae, including
urostyle, is from 39 to 42. The number of pre-
caudal vertebrae varies from 22 to 24. The total
number of vertebrae shows a definite latitudinal
variation which parallels a variation in number of
photophores (table 7).

The average number of vertebrae is 41.2 for
areas where- photophores average 83 per side,
while in areas with low average photophore counts
(between 80.1-80.6 per side) the average number
of vertebrae is 40.8, approximately 1 vertebra
fewer.

Gl rakers—Gill rakers were counted on both
stained and unstained material, but more readily
on the stained material, especially during the lar-
val period. Gill rakers are more difficult to count
on Vinciguerria than on fishes that attain a larger
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TABLE 7.—Number of vertebrae in 89 specimens of Vinci-
guerria lucetia, by area of caplure

Number of specimens Aver-
with— Total | Aver- | age
num- | age | num
Area her | num- | ber

of ber of
39 40 41 42 | speci- of | photo-
verte-| verte-| verte-| verte-| mens | verte- | phores
brae | brae | brae | brae brae lﬁr
side

30°-35°N., 122°-134°W____|. ... 2 17 5 24 | 4L1 83.0
27.5°-30°N., 119°-129°W ___|._.._. 1 19 8 28 | 412 83.2
25°-27.5°N.., 115°—117°W ____________ U P 21 410 81.3
20°-25°N., fedow___ TN 3 2 5| 41.4 83.1
20°—25°N 1!1°-118°W 3 6 10 1 20 | 40.4 80.6
10°-15°N,, 108°W____..._. 1 8 1 |- 10 | 40.0 80.1

All specimens.._.._.__ 4 17 52 16 89 ( 40.9 82.2

size. The anterior rakers on the lower limb are
especially difficult to’ get into position for count-
ing on juveniles and adults, and, as a consequence,
we may have undercounted the rakers on some
specimens. The full complement consists of 8 to
10 rakers on the upper limb, and 18 to 23 on the
lower.

Gill rakers form on the lower limb during the
larval period, but do not appear on the upper limb
until metamorphosis. Nubbins were first observed
on larvae approximately 8 millimeters long. A
group of rakers, usually about 10, differentiates
simultaneously. Two or three are still lacking at
the posterior end of the lower limb, and between
7 to 10 at the anterior end. Fifteen or sixteen
rakers are formed on the lower limb by the close
of the larval period, when only the anteriormost
rakers have not formed (see table 30).

The rakers were counted on a number of pro-
metamorphosing specimens. The lowest count was
0+16, the highest 4+22. Most individuals had
either 2 or 3 rakers developed on the upper limb
and 17 or 18 on the lower.

Midmetamorphosing individuals usually had 3
to 5 rakers on the upper, and 17 to 21 on the lower
limb; postmetamorphosing specimens usually
had 6 to 9 on the upper limb, 18 to 23 on the lower.
All juveniles or adults counted had either 8, 9, or
10 rakers on the upper limb, 18 to 23 on the lower.

No geographical variation was noted in num-
bers of gill rakers in juvenile and adult specimens
of Vinciguerria lucetia.

Development of teeth.—Larval teeth (table 8)
form first on the maxillaries, which are the first
jaw bones to ossify. One or two maxillary teeth
per side were observed on larvae just under 5 milli-
meters in length. Subsequently, teeth are gradu-

ally added along the maxillaries until there are
approximately 13 per side at metamorphosis.
Most of the maxillary teeth are straight and
needlelike. The posterior teeth are usually a little
longer than the anterior ones.

TABLE 8.—Development of leeth in larval Vinciguerria

lucetia
Average number of teeth per side
Number
Standard length of speci- Pre- Mandibular
mens Maxil- maxil-
lary lary

Outer Inner

3 13 0 0 0

7 2.5 0 Q 0

8 4.1 O 0 0

[] 5.3 0 0.8 0

10 7.8 0 2.8 0

9 77 0 3.4 0

5 0.4 0 4.2 0

15 10.2 0 4.2 0
7 11.1 0 4.6 0.6
6 1.5 1.9 4.3 1.3
1 11.0 3.0 5.0 2.0
2 13.0 2.5 5.0 1.0
1 12.5 4.0 5.0 2.0
The mandibular teeth form in two rows. Those

in the outer row form first; they are directed later-
ally along the anterior part of the lower jaw.
They can be observed in larvae of about 7 milli-
meters standard length and increase in number to
3 to 5 teeth (averaging 3.4) per side in 9-milli-
meter larvae. During the late larval period, the
average number increases to 5, with a range of
4 to 6, The mandibular teeth of the inner row
form on the anterior part of the dentaries and are
directed at right angles to those of the lateral row.
They first form on specimens of about 12 milli-
meters standard length, and 1 to 8 inner teeth are
developed per side before metamorphosis. They
are short, wide-based, and of unequal size.

The premaxillaries calcify late and the teeth are
observed soon after, when the larvae are about 13
millimeters long. About 3 or 4 unevenly spaced
teeth per side usually form before metamorphosis.

During prometamorphosis, the teeth do not dif-
fer from those described for larvae, but by late
postmetamorphosis the dentition is similar to that
of juveniles and adults. During metamorphosis,
therefore, a marked increase in the number of
teeth on the maxillary, premaxillary, and mandi-
ble occurs, as well as changes in the shape and ar-
rangement of the teeth (refer to comments under
V. powerine, page 404, for a discussion of changes
that occur in maxillary teeth during midmeta-
morphosis). The increase in number of teeth at



DEVELOPMENT AND DISTRIBUTION OF V. LUCETIA 381

TABLE 9.—Number of leeth present al various siages in
development of Vinciguerria lucetia

Number Number of teeth per side
Stage of speci-
mens
Premaxillary | Maxillary| Mandibular
Latelarval. ... ...__ 8 1- 4 11-13 57
Prometamorphie....__..._. 14 48 12-16 59
Postmetamorphie_________. 8 11-18 1428 13-30
Juvenile_ . _______....______ 4 13-15 26~-32 25-30
Adalt .. 5 12-17 50-65 3848

different stages in the development of V. lucetia
is summarized in table 9.

In late-metamorphosing individuals, juveniles,
and adults the teeth develop as follows:

Premaxillary teeth apparently do not increase
in number after metamorphosis. The highest num-
ber found, 17 on one side and 18 on the other, was
on a postmetamorphosing individual. Premaxil-
lary teeth are moderately wide based, sharply
pointed, unequal in size and uneven in spacing.
Usually 5 or 6 are longer and heavier than the
others. The premaxillary teeth are uniserial and
curve inward at their tips.

Maxillary teeth apparently increase in number
throughout life, and adults have twice as many as
postmetamorphosing individuals. Maxillary teeth
are in a single row. There are two principal kinds
of maxillary teeth: (1) straight teeth, set perpen-
dicular to the jaw and curved slightly inward at
their tips, and (2) oblique teeth, directed forward
at an angle of about 45° and shaped somewhat like
a flattened S. An anterior group of straight teeth
precede the insertion of the first oblique tooth and
the number in this group increases markedly be-
tween the postmetamorphic and adult stages.
Postmetamorphosing individuals have an anterior
group of 4 to 14 straight teeth, while the adult
specimens examined had from 26 to 34 teeth in this
group (fig. 15). The oblique teeth are interspersed
singly between groups of 2 to 5 straight or nearly
straight teeth. A group of 3 or 4 straight teeth
ends the series; one to three of the teeth in this
group are not in line with other maxillary teeth,
but originate laterally on the maxillary rather
than on its lower surface. The number and

FIGURE 15.—Jaws of specimen of Vinciguerria lucetin, 42 mm. in length, collected off Guadalupe Island.
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TaeLe 10.—Comparison of marillary teeth on selected
specimens of Vinciguerria lucetia, by stage of development

Number of

straight teeth Number of Total number
in anterior obligue teeth of teeth
Standard length group
Left | Right | Left | Rieht | Left | Right
side side side side side side
Postmetamorphie:
16.75mm.___ 5 4 4 4 17 16
17.25 mm_.___ 3 4 5 4 15 14
17.55 mm____ —-- 5 4 4 4 16 15
20.20mm..____._._. 10 13 6 5 24 28
Juvenile:
19.50 mm 13 11 6 8 30 31
21.95 mm-. . A 10 7 7 7 26 28
24.45 mm 18 16 5 5 33 31
24.70 mm 16 16 5 [] 30 32
Aduit:
29.20 mm 2 26 10 10 56 55
41.50 mm.____ 33 32 10 10 65 63
43.00 mm____ 29 33 9 7 56 52
43.00 mm 28 31 7 7 50 52

arrangement of teeth vary on the two sides of the
jaw (table 10). :

Mandibular teeth also increase in number dur-
ing growth from juvenile to adult. Mandibular
teeth in the anterior part of the jaw are in two
obliquely divergent rows. Teeth of the inner row
are fewer and usually more uniform in size and
spacing than are those of the outer row, where the
teeth may be either evenly spaced or grouped in
clusters of 2 or 3 teeth. The teeth in the posterior
part of the lower jaw are uniserial and are more
closely and uniformly spaced than the anterior
group of teeth.

The palatine teeth form during the postmeta-
morphic stage. A specimen 16.75 millimeters long
had 1 tooth on one side and 2 on the other, while a
late postmetamorphosing individual, 20.2 milli-
meters long, had the full complement of 4 to 5
palatine teeth. The posteriormost tooth is largest,
and the teeth decrease in size anteriorly.

The vomerine teeth, 1 on a side, also form dur-
ing the postmetamorphic stage.

Branchiostegals—Branchiostegals form dnring
the late larval period just before metamorphosis.
The size at which they form depends directly on
the size the larva attains before metamorphosis.
In some regions, branchiostegals are developed in
larvae of about 12 millimeters, while in other areas
they are not formed until the larvae are at least
16 millimeters long. The full complement of

- branchiostegals is 12, and all metamorphosing in-
dividuals had the full complement. As pointed
out elsewhere, the first branchiostegal precedes
the anterior branchiostegal photophore. The rays

and photophores then alternate, except that the last
four branchiostegals are posterior to the last pho-
tophove.

Fins.—The number of rays in fully developed
fins is shown in table 11. The dorsal fin of V.
lucetia has 13 to 16 rays (average, 14.59) and the
anal fin has 13 to 17 (average, 15.14). Ineach fin
the first ray is unsegmented, the second is seg-
mented but unbranched, and the others are seg-
mented and branched. We are following Jesper-
sen and Tining (1926) in counting the posterior
two rays as separate. The bases of these rays are
closer together than the bases of other rays, but
they are always distinctly separated and have
separate interneurals and interhaemals.

TaBLe 11.— Variation in number of rays in fully developed,
unpaired fins of Vinciguerria lucetia

Caudal fin

Number of rays fin Anal fin
Principall Dorsal | Ventral

rays [secondary dary

Number of speci-
mens...___._.... 100 100 66 66 66

Average number

of rays.__......-- 19.00 8.29 4.02

14. 59

In all specimens studied, each pectoral fin has
10 rays; the ventral (pelvic) fin has 7 rays. The
uppermost ray and the lowermost ray in the
pectoral are unbranched, all others are branched.
All rays in the ventral fins are usually branched.

The caudal fin has 19 principal and 11 to 14 sec-
ondary rays. The principal rays are segmented,
17 are branched. The secondary (procurrent)
rays are unsegmented and unbranched. Hollister
(1936:259) applies the term “raylets” to such
secondary rays. The secondary rays are unequally
developed on the two parts of the tail, dorsal sec-
ondaries numbering 7 to 10 (average, 8.29), ven-
tral secondaries 4 or 5 (average, 4.02).

We will discuss fins in the order of their forma-
tion: (1) Larval pectoral (without rays); (2)
caudal; (3) dorsal; (4) anal; (5) ventrals (pel-
vics) ; and (6) pectoral (with rays).



DEVELOPMENT AND DISTRIBUTION OF V. LUCETIA 383

Larval pectoral fins: The larval pectoral fins
form almost immediately after hatching in larvae
less than 2.5 millimeters in length. The fleshy base
of the fin is narrow, and the membrane without
rays is fan-shaped. Rays do not appear in the
pectoral tins until metamorphosis (see below).

Caudal fin: The caudal fin of V. lucetia is a
typical homocercal tail, and the development is
essentially similar to that of many other isospon-
dylous fishes.

The tail fin of isospondylous fishes typically has
19 principal rays (17 branched and the adjacent
on either side unbranched). The rays are sharply
divided into two groups: 10 upper and 9 lower.
All 19 principal rays are ventral in origin, and
all are associated with the urostyle except the
lower unbranched ray in some species, in which it
is attached to the haemal spine of the ultimate

vertebra. This description applies to clupeids,
engraulids, salmonids, osmerids, argentinids,
et cetera.

The caundal fin is first evident as a ventral thick-
ening forward of the tip of the notochord. The
thickening has been observed on larvae as small
as 4.5 millimeters. Asusual, the first rays to form
are always the central principal rays, and differen-
tiation proceeds both anteriorly and posteriorly
from this center; the rays which will constitute
the upper group of 10 principal rays differentiate
posteriorly, while those which will constitute the
lower group of 9 principal rays differentiate an-
teriorly. The central caudal rays can be observed
on larvae more than 5.5 millimeters long, and the
full complement of 10+9 principal rays is found
on larvae of more than 6.5 millimeters, The flex-
ure of the posterior portion of the urostyle, bring-
ing the rays into a terminal ppsition, occurs al-
most simultaneously with principal-ray differen-
tiation.

The secondary, or procurrent, caudal rays dif-
ferentiate much more slowly than the principal
rays. None were observed on larvae under 8.0
millimeters, and they are absent on some larvae
approximately 8.5 millimeters long. The second-
ary rays form on either side of the principal rays,
and differentiation proceeds anteriorly. The dor-
sal secondary rays are the only caudal rays that
have a dorsal origin. The secondary rays form
slowly. By the end of the larval period, 4 or 5
(occasionally 6) dorsal and 4 ventral secondary

468546 O ~59 -4

rays differentiate. This is the full complement of
ventral secondary rays, but little more than half
of the dorsal rays (there are 7 to 10 dorsal second-
aries in the fully developed tail). Prometamor-
phosing individuals occasionally have the full
number of dorsal secondary rays, but most of these
lack 1 to 3 rays. Most midmetamorphosing indi-
viduals have the caudal secondary rays fully
formed. Many isospondylous fishes with ventral
light organs have fewer ventral secondary caudal
rays than dorsal, hence this condition in V. lucetia
is not unique.

The fully developed caudal fin is associated with
the last thrée vertebrae. The development of the
supporting skeletal structures for the caudal fin is
discussed in a section following fin formation
(p. 384).

Dorsal fin: The base of the dorsal fin can be seen
on some larvae under 6.0 millimeters long, and rays
are found on most larvae of more than 6.5 milli-
meters. Initially, a group of rays, usually six, in
the central portion of the fin, differentiate at the
same time, and differentiation then proceeds in
both directions. The full complement of dorsal
rays is 13 to 16, and the usual number is 14 or 15.
Some individuals as small as 10.5 millimeters have
14 dorsal rays, and all of more than 12.0 milli-
meters in length have at least 14 rays; hence, dor-
sal-fin formation is completed during the larval
period. Dorsal rays on larvae are unbranched.

Anal fin: Rays are not differentiated in the anal
fin until larvae attain a length of at least 8.0 milli-
meters. As in the dorsal fin, the first rays to form
are the median ones. Four or more rays appear
simultaneously and differentiation then proceeds
in both directions. The full complement of anal
rays, 14 to 17, is found on all larvae longer than
13.0 millimeters.

Ventral fins: The buds of the ventral or pelvic
fins can be seen on 11.0-millimeter larvae, but fin
formation is not completed until metamorphosis,
usually during the prometamorphic stage (table
12). The number of rays when fully formed is
invariably 7.

Pectoral fins (with rays) : Rays do not form in
the pectoral fin until metamorphosis. Prometa-
morphosing specimens have from 0 to 6 rays in
each fin. Since the complete complement is found
on most midmetamorphosing individuals, we as-
sume that ray formation is completed during the
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early part of midmetamorphosis. When fully
formed, the number of pectoral rays is invariably
10 (table 12).

TaBLE 12.—Number of rays in pecloral and ventral fins
of larval and melamorphosing specimens of Vinciguerria
lucetia

Numbher of rays Total
Stoge number of
specimens
0 1 31 4 567810
Larval:
Pectoral fin_.__._____ {12 P DR (R FOS FVI PRI SV 100
Ventral fin_____._____ (670 I PR RO (EVUVRVEN PRVRPUVR VIR DRSO PRI R 100
Prometamorphic:
Pectoral fin____._____ 10| 1| 2] 2| v| 4| f-o.]---- 20
Ventral fin____ ) L U SO SRR N B O (20 I 1 T RO B 19
Midmetamorphi
Pectoral fin___ ao|mmefam e em e fe | 2] 1 22 25
Ventral fin____._____. UV DRSO (MR I N SISO B T PRI P 25
Postmetamorphie:
Pectoral fin______ . | | o oofoifioaofaeafeol]o..]1 25 25
Ventral fin_____._____ (RS SRRV PRV RUSOIVRN PRSI PPN . 2 PR PR 25

Adipose fin: The adipose fin is not evident on
larvae, but can be observed on prometamorphosing
individuals and is well-developed by the end of
metamorphosis. The position and dimensions of
this fin on adults is illustrated by morphometric
measurements of three selected individuals:

Snout to | Snout to | Snout to | Width of | Length of
Standard length origin of | insertion | adipose | alipose | adipose
dorsal | of dorsal at hase
Afm. Mm. Mm. Mm. Mm. Mm.
14.7 10.8 2.1 0.3 1.5
23.1 30.2 34.3 0.6 2.3
32.5 42.5 48.0 0.8 3.8

The adipose fin has a moderately narrow base.
The fin is directed obliquely backward, has a curved
upper (anterior) margin and a fairly straight low-
er margin, and ends in a blunt point.

Supporting structures for dorsal and anal fins:
The number of interneural spines associated with
the dorsal fin is identical with or one less than
the number of rays. In specimens having 1 less
ray, the anterior interneural usually comprises 2
fused elements. Most of the interneurals in the
anterior half of the fin are bifurcate at their prox-
imal ends.

There are 13 to 15 free interneurals anterior to
those associated with the dorsal fin. The first free
interneural precedes the first neural spine, the sec-
ond one lies between the 1st and 2d neural spines,
and each remaining interneural is usually situated
between two neural spines. There are no free in-
terneurals posterior to the dorsal fin.

Interhaemal spines are similar to interneurals
in having the anterior spines bifurcate at their
proximal ends, and in having a similar relation-
ship with fin rays. There are no free interhaemals
either anterior or posterior to the anal fin.

Supporting structures for the caudal fin: We
have taken a particular interest in the caudal fin
and its supporting structures as an aid in the iden-
tification of larval fish. Surprisingly, there are
more marked differences among gonostomatids in
the supporting elements associated with the uro-
style than in any family of which we have knowl-
edge. In Diplophos, for example, the primitive
and complete complement. of 7 hypurals and 3 epu-
rals persists. This is the basic number in many
families of isospondylous fishes. In C'yclothone,
on the other hand, the supporting structures are
reduced to two hypurals and no epurals. Finei-
guerrie. is.intermediate, having five hypurals and
asingle epural. :

It is interesting to note, however, that during
formation of the caudal supporting structures in
V. lucetia, T hypurals initially develop, which are
subsequently reduced to 5 by fusion of elements.
The uroneurals ossify before any other part of the
vertebral column, and the hypurals form soon
after, usually on larvae between 8 and 9 milli-
meters long. The elements that fuse are the 2 hy-
purals above and the 2 below the midpoint of the
caudal fin. The beginning of fusion of the ele-
ments can be observed on some larvae 11.0 milli-
meters long, and fusion is completed before the
end of the larval period. It isan interesting point
that the outer hypurals, which remain separate,
ossify before the inner ones.

The caudal fin is associated with the last three
vertebrae, i. e., the urostyle and the two vertebrae
with normal centra, anterior to the urostyle, which
are designated “ultimate” and “penultimate.” The
neural spines are modified on the latter two ver-
tebrae. They are wider than ordinary spines and
truncate at their distal ends. The haemal spine is
always truncate on the ultimate vertebra, but is
ordinarily pointed on the penultimate. Several
vertebrae anterior to the penultimate also have
truncate neural spines, but normally pointed hae-
mal spines. The condition found in 13 specimens
examined for these characters is given in table 13.

The specimen illustrated in figure 16 has trun-
cate neural spines on the last 4 vertebrae anterior
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F1cure 16.—Caudal portion of vertebral column, showing the supporting skeletal structures of the caildal fin. (Ep—
epural ; Hy—hypurals; PCR—prinecipal caudal rays; SCR—secondary caudal rays; Un—uroneural; Ur—urostyle;

UV-—ultimate vertebra.)

TFABLE 13.—Types of newral and haemal spines on last sur
caudal vertebrae anlerior lo urostyle in Vineiguerria lucetia

[Based on 13 specimens]

Number of specimens with spines—

Vertebra Neural,

Both truncate; Roth
truncate haemal, pointed

pointed
I (ultlmate) ... ___ ... ... ) & 2 PR (R,
II (penultimate)__.__ . . 2 11 [oemo
III (antepenultimate) .. 13 |oe e
IV s [ 4
V. 1 12
Ve e || 13

to the urostyle and truncate haemal spines on the
last-2. Asshown in table 13, the majority of speci-
mens examined have 4 truncate neural spines, but
only 2 individuals out of 13 have more than a sin-
gle truncate haemal spine.
Scale formation

The scales of T"inciguerria are highly deciduous,
so much so that specimens taken in plankton hauls

or trawls seldom possess scales. As a consequence
we have not been able to study scale formation.
Some postmetamorphosing individuals showed
scale pockets over the body, hence we assume that
scales are laid down during metamorphosis. No
attempt is made to show scales on our drawings.
Some specimens dip netted off Guadalupe Island
still retained a few scales.
Photophore development

The photophores of Vinciguerria are striking in
appearance. The number and arrangement of
these organs easily distinguish the genus from
other ‘gonostomatids. In live specimens taken by
dip net at Guadalupe Island, Baja California, the
organs gave off a luminescent, blue light when the
specimens were held or stimulated. In adults,
each photophore consists of a black base and a
grayish-silver lens, which is directed downward.

Several methods of classifying photophores
have been used (cf., Jespersen and Taning, 1926,
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F1cure 17—Ventral view of, juvenile FVinciguerrie lucetia, showing the arrangement of photophore groups.
Op—opercular photophores;
(V—Ilateral photophore group extending from operculum to ventral fin; lateral VA—lateral

symphyseal pair: Orb—orbital photophores:
isthmian photophores;
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Br—branchiostegal photophores; Is—

group extending from ventral fin to origin of anal fin; IV—ventral body photophores between isthmus and ventral
fins; ventral VA—ventral group between ventral fins and origin of anal fin; AC—group between origin of anal fin

and base of caudal fin.)

Horsbhurgh 1935). We are using a classification
that differs slightly from previous classifications,
but appears to us to be a natural system for group-
ing photophores in Vinclguerria.

The photophores have been gromped into 10
categories (see fig. 17). Five of these are used to
classify the photophores on the head, 2 for lateral
photophores on the body, and 3 for ventral body
photophores. The head photophores are grouped
as follows: (1) Symphyseal (SO)—one pair
placed anteriorly on the underside of lower jaw;
(2) orbital (Orb)—2 per side, 1 in front of eye,
the other just under posterior portion of eye; (3)
opercular (Op)—3 per side, 1 behind center of
‘eye, 2 about on level with lateral row of photo-
phores; (4) branchiostegal photophores (Br)—S§
per side, spaced between anterior 9 branchi-
ostegals; (5) isthmian photophores (Is)—T per
side, spaced along isthmus.

Head photophores seldom vary in number after
development is complete. Less than 1 percent of
the specimens examined had other than'8 branchi-
ostegal photophores per side; 1 specimen had 9,
2 specimens had 9 photophores on one side and 8 on
the other, and 1 specimen had 7 photophores on
one side and 8 on the other. Only 3 individuals
had other than 7 isthmian photophores per side; 2
specimens lacked a photophore on one side (7-6),
the other had an additional photophore on one side
(7-8).

The body photophores are alined on each side
in two rows, a lateral row and a ventral row. The
photophores in the lateral row are in two groups,
one anterior to the ventral fins (OV), the other

between the ventral and anal fins (VA). The OV
group contains hetween 10 and 13 photophores
(average, 11.34) and the VA group, when fully
formed, contains 9 to 12 photophores (average,
10.88). The IV group of photophores (isthmus
to ventral fins) in the ventral row is continuous
with the isthmian group. The IV group contains
13 to 16 photophores (average, 14.34) on each side.
The ventral series is interrupted by the ventral
fins. The VA group of photophores in the ventral
row begins just behind the ventral fins and extends
to the origin of the anal fin; on each side there are
8 to 12, usually 9 or 10, photophores (average,
9.89). The anal-caudal (AC) group, situated be-
tween the origin of the anal fin and the base of the
caudal fin, is intermediate in level between the
lateral and ventral series; there are 12 to 16,
usually 13 or 14, photophores on each side (av-
erage, 13.86).

Unlike the head photophores, the body photo-
phores vary in number. The extent of this varia-
tion is shown for 586 specimens in table 14.

There is not only variation in the number of
photophores per group on different individuals,
but at times in the number of photophores per
group on the two sides of the same individual.
This asymmetry (different number per side) is
more marked in the AC group than in the other
hody groups. The percent of individuals having
asymmetry in photophore pairings is given in
table 15.

The OV group of photophores in the lateral
series is situated above the IV group of ventral-
row photophores. The IV group extends farther
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TaABLE 14— Variation in number of body photophores, in
586 specimens of Vinciguerria lucetia

[See text, p. 336 for explanation of symbols]

Lateral row Ventral row AC
Number of photophores group
ov VA v VA
group | group | group | group

Total number of specimens._| 58 586 586 586 584

Average number of photo-
phores perside__..___...__ 11.34 | 10.88 | 14.34 9.8¢ 13.86

TaBLE 15.—.Asymmelry in pholophore pairing in various
photophore groups in Vinciguerria lucetia

[Based on 586 specimens of table 14]

Frequency of speci-
mens with photo- |[Percentage of
phore numbers— specimens

Photophore group with asym-
metrical
Same on (Different on airng of
two sides | two sides | photophores
of body of body
Head. . ... 580 6 1.0
Lateral OV________ .. 560 26 4.4
Ventral IV.__ .- 553 33 5.6
Lateral VA________ I 529 57 9.7
Ventral VA_______. I 521 65 11.1
Anal-caudal (AC) 365 219 37.5

forward than the OV group; the three anterior
pairs of IV photophores have no counterparts in
the OV group. Otherwise, the 2 series usually
correspond photophore for photophore and the
organs of the 2 series are regularly alined trans-
versely. When asymmetry occurs, it is usually in
both the IV and OV groups. Of 33 specimens
that had asymmetry in the IV group, 26 showed
asymmetry in the OV group as well. On the other
7 specimens, the OV group was symmetrical
while the IV group had an uneven number on the
two sides. Such asymmetry in the ventral IV
group that is not shared by the lateral OV group is
usually in the anterior three photophores. A simi-
larly close relation obtains between the lateral VA
and ventral VA series of photophores when photo-
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phore formation is complete. As is noted in the
following section, a group of the lateral VA
photophores is late-forming. The lateral VA
group, when completely formed, averages one
photophore per side more than the ventral VA
group. The anterio? pair- of photophores of the
lateral VA group, situated above the ventral fins,
has no counterpart in the ventral VA group.
Otherwise, the two groups have identical numbers
of photophores. When asyminetry occurs, it is
usually found in both groups. On only nine in-
dividuals was asymmetry in the ventral VA group
not found in the lateral VA group as well. Asym-
metry in the VA groups is more frequent than
in the OV and IV groups, but is much less fre-
quent than in the AC group. Hence, frequency
of asymmetry seems to be definitely related to po-
sition of the photophore group on the body : least
in the photophores associated with the head, and
increasing posteriorly.

Late-forming photophores—Most photophores
appear simultaneously at the beginning of the
transformation stage. At first formation, photo-
phores are colorless, but the base soon becomes pig-
mented. Six, occasionally seven, photophores per
side form late: the upper opercular, the 3 (or
occasionally 4) posterior photophores of the lat-
eral VA group, the symphyseal, and a median
photophore of the AC group.

Upper opercular photophores: The pair of up-
per opercular photophores (Op) is usually the
first of the late-forming light organs to appear,
and the only ones that consistently develop during
the midmetamorphic stage. These photophores
are found on about 25 percent of the midmeta-
morphosing specimens and éon all classed as post-
metamorphosing. The largest individual lacking
them was 19.0 millimeters long.

Posterior photophores of the lateral VA group:
Three to four pairs of photophores of the poste-
rior lateral group are lacking when the photo-
phores initially appear. Approximately 10 per-
cent of the specimens examined lacked 4 photo-
phores on each side ; the remainder lacked 3 photo-
phores. Because of the relation between numbers
of photophores in the lateral and ventral VA
groups, it is possible to determine the number of
“missing” photophores exactly. At formation,
late-forming photophores are colorless and are
smaller than the adjacent, earlier-formed ones.
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Even when they become pigmented, they can be
distinguished readily from those initially formed.
The late-forming photophores of the lateral VA
group develop mainly during the postmetamorphic
stage. On about 10 percent of the midmetamor-
phosing individuals examined, a single late-form-
ing VA photophore or a pair of VA photophores
had appeared. One pair of the lateral photophores
almost always develops before the symphyseal
pair, and the other 2 (or 3) pairs are added gradu-
ally. There is some variation in the sequence in
which the late-forming AC pair of photophores
appears in relation to the VA photophores (to be
discussed later). Usually the posterior pair of
lateral VA photophores is the last to form,

The largest specimen studied in which the
photophores had not all formed was 22.3 milli-
meters in length; it 'acked a VA and an AC photo-
phore on one side. The smallest specimen with
complete photophores measured 17.5 millimeters.
We consider that metamorphosis terminates when
the photophores are all laid down and the late-
forming photophores are pigmented.

Symphyseal photophores : The pair of symphys-
eal (SO) photophores does not appear until the
postmetamorphic stage. Of the 75 postmetamor-
phosing individuals used to trace photophore de-
velopment, 26 still lacked these photophores. The
largest individual that lacked symphyseal photo-
phores was 19.0 millimeters long; the smallest
specimen on which they were developed was 12.5
millimeters. In sequence of formation, symphys-
eal photophores are usually the thivd pair of late-
forming photophores to appear.

Symphyseal photophores have been used as a
diagnostic character in separating species of ¥in-
ciquerria: lucetia and nimbaria develop this pair,
while aftenuata and powerive do not. However,
owing to the circumstance that symphyseal photo-
phores are late-forming, this character must be
used with cantion when dealing with metamor-
phosing individuals.

Anal-caudal photophores: The anal-caudal
(AC) photophores are separated into two groups
during most. of the metamorphic period, but even-
tually become a continuous series by the addition
of a pair of photophores between the two groups.
The photophores in the two groups differ in spac-
ing. Inthe anterior group, situated above the anal
fin, the photophores of the two sides are rather
widely separated and are arranged in pairs op-

posite one another; in the posterior group, the
photophores of the two sides are too closely ap-
proximated to lie side by side, and alternate regu-
larly, except for the posteriormost pair, or occa-
sionally the last two pairs, which again show the
transverse alinement (fig- 17). The anterior group
of AC photophores usually consists of 6 or 7photo-
phores on a side (average, 6.78), the posterior
group has 5to 7 (average, 6.13).

The numbers of photophores in the two AC
groups, based on 215 metamorphosing individuals,
are given in table 16.

TaBLE 16.—Variation in number of pholophores in the
anterior and posterior anal-caudal groups during mela-
morphosis, in 215 spectmens of Vinciguerria lucetia.

[On both sides of body]

Number of photophores

Anterior | Posterfor
group group

There is some variation in the sequence of de-
velopment of the late-forming AC pair in relation
to late-forming VA photophores; this is shown
in table 17, based on 106 postmetamorphosing in-
dividuals. Usually the pair of late-forming AC
photophores develop before the last pair of lateral
VA photophores; 9 individuals having the AC
light organs on both sides of the body still lack
1 or more pairs of VA photophores. On the other
hand, 2 individuals with all VA photophores
still lack the pair of AC light organs.

TaBLE 17.—Sequence of development of late-forming photo-
phores of the lateral VA and the AC groups, in 106 speci-
mens of Vineiguerria lucetia

[On both sides of body)

Number of AC photophores
lacking
Number of lateral VA photophores lacking

1-1 0-1 0-0
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Total number of specimens.._____._..__
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DISTRIBUTION OF VINCIGUERRIA
LUCETIA IN THE EASTERN PACIFIC

Our data on the distribution of Vineciguerria
lucetia have been derived from two sources: the
survey cruises conducted by the California
Cooperative Oceanic Fisheries Investigations
(CCOFI), from which we have been able to de-
rive detailed information on its distribution off
California and Baja California, and the less fre-
quent but wide-ranging cruises and expeditions

that have covered much of the eastern North Pa-

cific, such as “Norpac,” “Northern Holiday,”
“Shellback,” and “Eastropic” expeditions of the
Scripps Institution of Oceanography and several
tuna longline cruises conducted by the California
Department of Fish and Game, Most of the ma-
terial has been obtained from plankton-net collec-
tions, supplemented by an examination of collec-
tions obtained from midwater trawls, tuna
stomachs, and occasionally dip netting.

DISTRIBUTION AND ABUNDANCE IN GCOFI
SURVEY AREA

We shall first discuss the distribution and abun-
dance of V. lucetia larvae and adults off Califor-
nia and Baja California, and then present such in-
formation as we have on the more extensive
distribution of this wide-ranging species.

The distribution of larvae of this species in the
CCOFT area in 1951 and 1952 is shown in figures
18 and 19. In each of these, the cruises extended
only as far north as the California-Oregon State
line. The area off northern California (station
lines 40-57) was surveyed on two cruises each
year: during July and August in 1951, and June
and July in 1952. The area between San Fran-
cisco and Point San Juanico, Baja California
(station lines 60-137) was surveyed on most
cruises. The waters still farther south (station
lines 140-157) were not routinely surveyed; the
area was covered on three cruises in 1951 (March,
June, and September), but only during the Feb-
ruary cruise in 1952, and then only partially.

The northern extent of the distribution of T".
lucetia has been fairly well delimited. There was
only a single occurrence of larvae to the north of
Point Conception in both 1951 and 1952—at sta-
tion 60.80 in May 1951, and at station 77.55 in No-
vember 1952, In 1949, however, larvae were taken

in several collections off central and northern Cali-
fornia. The northernmost collection of larvae
wag at station 509 (37°21” N. latitude, 130°36" W,
longitude) ; the northernmost collection of meta-
morphosing individuals was at station 704 (34°54
N. latitude, 124°04” W. longitude). Even so, the
occurrences to the north of Point Conception have
been sporadic, and the number of specimens ob-
tained has been few.

The area off southern Baja California, unfor-
tunately, cannot be completely compared in 1951
and 1952, owing to the fragmentary coverage in
the latter season. This area appears to be the rich-
est for V. lucetia of any in the CCOFT region. In
1951, when cruises extended to Cape San Lucas
on three occasions, more than 50 percent. of the
larvae of this species were obtained on the station
lines (140-157) off southern Baja California. The
data are summarized in table 18.

TaBLE 18.—Clensus estimates of abundance (in billions of
larvae) of Vinciguerria lucetia during three cruises in
the CCOFI survey area in 1951

Cruise and month Total
estimated |Percent of
Station lines numberof| total
5103 5108 5109 larvae
March June September
0 0 0 0 0
139 163 68 370 3.33
28 138 639 855 7.69
700 194 1,273 2,167 19,49
116 1,193 457 1,766 15,88
1,040 1,718 3, 205 5,961 58, 61
2,023 3,454 5,642 11,119 100. 00

In the area regularly covered (station lines 80
to 137), the cumulative census estimates of larvae
for comparable cruises during the 2 years (Decem-
ber 1951 was omitted, since there was no December
cruise in 1952) are quite similar: 18,384 billion as
compared to 19,020 billion (table 19). As ex-
plained in a previous publication (Ahlstrom and
Counts, 1955), a census estimate is one that inte-
grates standard haul estimates over area but not
over time. Size is not taken into account. Itisa.
comparative estimate of abundance, rather than
an estimate of actual abundance, which must take
into account size, growth rate, and other factors
(Ahlstrom 1954), some of which are not known
as yet for this species. However, for comparative
purposes, census estimates are valid measures of
relative abundance.
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FI6Uure 18.—Distribution and abundance of Vinciguerria lucetia larvae on survey cruises of the California Cooperative

Oceanic Fisheries Investigations in 1951.



DEVELOPMENT AND DISTRIBUTION OF V. LUCETIA 391

VINCIGUERRIA LUCETIA LARVAE
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Fieure 19.—Distribution and abundance of Vinciguerria lucetia larvae on survey cruises of the California Cooperative
Qceanic Fisheries Investigations in 1952.
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TaABLE 19.—Census estimates of abundance (in billions of larvae) of Vinciguerria lucetia in the CCOFI survey area during the
monthly cruises of 1951 and 1952

Cruise and month Total
estimated
Station lines number
5101 5102 5103 5104 5105 5106 5107 5108 5100 5110 5111 5112 | of larvae
Jan. Feb. Mar. | Apr. May | June July Aug. | Sept. Oct. Nov. Dec. | (billions)
[+ 2 (R P 0 12 0 0 0 [ 0 0 0 12
1 14 139 160 254 163 94 128 68 42 11 47 1,121
90 18 28 603 354 188 396 630 639 945 204 175 4,270
643 72 7 482 350 194 79 610 | 1,273 | 2,510 546 877 8,345
311 445 116 447 830 ) 1,393 564 575 457 047 141 10 5,745
................ 1,040 | |eooooo| LTI6foooofooioooolf 3,208 oLl |eolios 5, 961
1,045 540 | 2,023 | 1,602 | 1,818 3,454 | 1,133 L 943 5642 4,144 902 | 1,109 25, 454
Cruise and month Total

estimated

Station lines number
5201 5202 5203 5204 5205 5206 5207 5208 5209 5210 5211 5212 | of larvae
Jan. Feb. Mar. Apr. May | June July Aug. | Sept. Oct. Nov Dee. | (billions)
0 0 0 0 0 I 3
48 147 177 47 145 46 (... .- 711
161 373 400 301 1,245 220 ... 3,302
607 | 1,365 616 1,308 | 2,152 1,653 | ... 9, 756
558 907 104 340 204 108 §__.___.. 248
........................................................ 474
1,374, 2,792 | 1,297 | 1,991 3,746 | 1,930 |._____.. 19, 494

The relative abundance of V. lucetia larvae in
different parts of the CCOFI survey area is shown
in table 20. The regular survey area has been
divided into five subareas, two located off Cali-
fornia (lines 60-77 and 80-93), and three located
off Baja California (lines 97-107, 110-120, and
123-137). In neither season was as much as
6 percent of the total taken off California.

TaBLE 20.—Relalive ab'unda,n.ce (in billions of larvae) of

Vinciguerria lucetia in different seclions of the CCOFI
survey area, 1951 and 1952

[Cumulative census estimates; sec table 19)

1951 1952

Station lines

Estimated | Percent of | Estimated | Percent of
number total number total
California:

7 12 0.06 3 0.02
1,121 5.75 711 3.74
4,270 21.91 3,302 17.36
8,345 42,81 9, 756 51.29
5, 745 29. 47 5, 248 27.59
Total. ... ... 19, 493 100. 00 19, 020 100. 00

Larvae were taken throughout the year in all
parts of the distribution off southern California
and Baja California (table 21). They increased
in numbers in late summer and early autumn, and

in both years the greatest abundance oceurred in
October.

TanLE 21— Abundanre (in billions of larvae) of Vineiguerria
lucetia in the area surveyed by CCOFI (lines 60-137),
by months, 1951 and 1952

1951 1952
Month

Estimated | Percent of | Estimated | Percent of

number |year'stotal| number |year’stotal
January. ... 1,045 5.36 1, 567 8.24
February 549 2.82 423 2,22
Mareh. 983 5.04 762 4.01
April 1,692 8. 68 1,034 10. 17
May 1,818 9.33 1,204 6.33
June 1,738 8,92 1,374 7.22
July. 1,133 5.81 2,792 14. 68
August__ .- ... 1,043 9.97 1,297 6.82
September....__. 2,437 12. 50 1,991 10. 47
October__. ... 4,144 21.28 3,746 19.70
November__.._ . 002 4.63 1,930 10.15
December__ ... ... 1,109 5,69 | o]
171 19, 403 100. 01 19,020 100.01

Although these population estimates are based
solely on larvae, specimens in older stages of de-
velopment (metamorphosing individuals, juve-
niles, and adults) were taken in all parts of the
CCOFT1 area below Point Conception.

WIDER DISTRIBUTION IN EASTERN PACIFIC

The northern limits of the distribution of Vin-
ciguerria lucetia have been adequately delimited
by the CCOFI survey cruises, but the southward
and westward limits have not. Information is
available on the wider distribution of this species
from special cruises.
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V. lucetie is not only abundant off Baja Cali-
fornia, but throughout the area between 20° N. and
14° S. Iatitude (the southern limit of our collec-
tions, rather than the southern limit of distribu-
tion of the species). Throughout this wide range,
V. lucetie is taken in some stage of development
in most plankton collections. It is probably the
most ubiquitous and abundant species of fish in
plankton collections from the eastern Pacific. It
has been taken in most hauls made with midwater
trawls between 35° N. and 14° S. latitude. It is
occasionally taken in dip-net collections, but the
only locality where it has been consistently taken
by this means is Guadalupe Island, off Baja Cal-
ifornia. Some of our best adult material has been
obtained from this locality.

An unusual occurrence of V. lucetia should be
noted. On February 10,1956, Dr. George E. Lind-
say, Director of the San Diego Museum of Natural
History, found large numbers of dried individuals
in windrows on the beach at San Benedicto Island.
It is possible that the fish were killed by subter-
ranean volcanic action and washed ashore, as there
has recently been considerable volecanic activity on
these islands. A number of these specimens were
examined by us. They had the usual photophore
counts for individuals from that area (80-82
photophores per side), and ranged in size from
29 to 51 millimeters in standard length. The col-
lection contained only V. lucetia. This occurrence
parallels the mass mortality of Tarletonbeania
crenularis reported by Aughtry (1953).

V. lucetia is abundant in the southern portion of
the Gulf of California.
during cruise 5602 is shown in figure 20.

The farthest westward that we have obtained
specimens of Vinciguerria lucetia has been about
134° 'W. longitude. Above 20° N. latitude, it is
replaced to the west of 134° by V. nimbaric and
V. poweriae, which are discussed later in this
paper. Our collections below 20° N, latitude have
seldom extended this far westward, so they are
inadequate to delimit the westward distribution
of the species in the tropical Pacific. We have a
record of V. lucetia from 14°21’ N. latitude,
133°05" W. longitude. The distribution of F.
lucetia, based on collections we have examined, is
shown in figure 21.

The westward distribution of the species of T7in-

Distribution in the gulf

ciguerric in the central Pacific could be clarified
from the collections made by the Pacific Oceanic
Fishery Investigations. We are not including pub-
lished records of V. lucetic from other parts of the
Pacific, as it is not often possible to verify the
records from figures or deseription. Furthermore,
it is beyond the scope of this paper.

RELATION OF PHOTOPHORE NUMBER TO
LATITUDE

In studying variation in photophore number in
different parts of its distribution in the eastern
Pacific, 586 specimens of Vinciguerria lucetia were
examined from 162 collections obtained between
34°55” N, and 14°00’ S, latitude and between 78°10’
and 134°25” W. longitude.

There are marked differences in the average total
number of photophores per side in different parts
of the range. To show these differences, the col-
lections have been grouped into subareas, each com-
prising 5 degiees of latitude and 10 degrees (or
less) of longitude. The results are summarized
in table 22, and illustrated in figure 22.

The average number of photophores per side of
the composite material was 81.31; the range of
means for the subareas was from 78.50 to 83.40, a
difference of 4.90 photopholes perside.

In the CCOFT area there is a marked cline of
photophore number with latitude. Fish taken
north of 27°30’ N. latitude average nearly 2.5 pho-
tophores per side higher than fish taken between
20° and 25° N. latitude, while those taken between
25° and 27°30" N. latitude have an intermediate
number of photophores per side. The numbers of
photophores in the head and VA groups are simi-
lar in all areas; the difference in photophore num-
ber results from reduction in the number of lateral
OY and ventral IV photophores by approximately
1 photophore in each group per side and of AC
photophores by about (1.5 photophore per side.

It is an interesting finding that the specimens
taken offshore from southern Baja California be-
tween 119° and 126° W, longitude had counts that
were similar to those found in the northern portion
of the distribution (average number of photo-
phores per side, 82.94)., The temperature distri-
bution found on “Norpae™ affords an explanation:
surface temperatures in the offshore area were low-
er than off southern Baja California.
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Fieure 20.—Distribution of Vinciguerria lucetia larvae in the Gulf of California in February 1956 (cruise 5602).
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Fieure 21.—Distribution of Vinciguecrrie lucetic larvae in the eastern Pacific. Bar shading shows the area covered
by CCOFI survey cruises of 1951 and 1952 (see figs. 18 and 19).

The CCOFT survey area extends only to the tip

of Baja California. Throughout the extensive Latitude Numberof | mehoRe

areua to the south, average counts are low, approxi- Specimens | e

mating those found off southern Baja California.

The range of mean values for subareas south of — lgeosv N-oorwom s % 0.2

20° N, latitude was from 78.50 to 82.00 photophores ¥ % g

per side. When the comparisons are based on all }Z giﬁé
8l

individuals taken in each 5 degrees of latitude, the
results are as follows:
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TABLE 22.—Variation in number of photophores per side on Vinciguerria lucetia collected in the eastern Pacific

[Area: 35° N.-14° 8. lat., 78°-134° W. long.]

Average number photophores per side
Total
number of
Area Lateral row Ventral row pheto- | Number of | Number of
AC phores specimens | collections
Head group per side
ov VA v VA
group group group group
°-35° N.:
11701200 W o idcceimmas 21.0 11.83 11.CO 14.83 10. 00 14.20 82,86 12 8
2L.0 12, 10. 89 15.03 9.89 14.19 83.03 31 13
21.0 12, 00 10.80 15. 00 9.80 14. 20 52,80 5 3
21.0 12,00 10.89 15. 01 9.90 14.24 83.04 56 15
21.0 12.04 10.94 15. 04 9. 94 14. 44 83.40 26 11
21.0 11,26 10. 96 14. 26 9.95 13.85 81.28 50 18
20°-25° N.:
109° W. and Gulf 21.0 10.91 11.00 13.01 10. 00 13.72 80. 54 16 5
110°-118° W___ 21.0 11.08 10.85 14,00 9.85 13.77 80. 64 50 18
119°-126° W__. 21.0 11.89 10.92 14.89 9.92 14.32 82,04 3t 7
15°-20° N.:
102° W 21.0 11.00 10. 00 14, 00 9.00 13. 50 78.50 1 1
111°-116° W._. 21.0 11.05 10,95 14.05 9.97 13.47 80,49 32 5
21.0 11,29 10. 79 14,29 9.79 13. 62 80. 78 17 2
21.0 11. 06 10. 96 14. 06 9.94 13.75 80.77 26 2
210 11. 00 10. 60 14.00 9. 60 13.80 80.00 5 3
210 11,04 10. 69 14. 04 .71 13. 62 80.10 26 5
21.0 10. 94 10. 74 13.94 9.74 13. 59 79.95 17 5
21.0 11. 00 10. 75 14.00 9.75 13. 50 80. 00 4 1
21.0 11.50 10. 50 14. 50 9.50 14.00 81.00 1 1
21.0 11, 00 10,86 14.00 9.84 13.62 80. 32 25 1
21.0 11.00 10.87 13.98 9.89 13,64 80.38 50 6
21.0 11. 00 10. 50 14. 00 9. 50 13.25 79.25 4 1
21.0 12.12 10.88 15.12 9.88 13.00 82.00 4 .3
21.0 11.08 10. 82 14.08 0.78 13.86 80, 62 25 1
21.0 11.00 11,00 13.97 10.00 13.72 80. 60 16 8
21.0 10.94 10. 84 13.94 9.94 13. 56 80. 32 9 4
21.0 11, 00 11.00 14. 00 10.00 14,25 81.25 2 2
21.0 11.75 10. 50 14,75 9.62 13.75 81.37 4 3
21.0 11. 00 11.00 14.00 10. 00 14,00 81.00 4 1
2L.0 11.25 10. 92 14.25 9.92 13. 58 80. 92 6 2
21.0 11.67 10. 75 14. 67 9.75 13. 50 81.26 [ 4
21.0 11, 00 11. 00 14.00 10. 00 13.80 80. 80 5 1
21.0 11,12 11.38 14,12 10.38 13.88 81.88 4 3
. 21.0 11, 00 10. 50 14.00 9. 50 14.00 80.00 2 1
10%-14° 8.: 82° W e 21.0 11. 00 11.00 14.00 10.00 14.00 81.00 5 1
Allareas. e am s 21.0 11,34 10.88 14.34 9.80 13.86 81.31 586 162

The lowest average counts were obtained be-
tween 10° and 15° N. latitude, but even these speci-
mens average only about 0.4 photophore less than
specimens taken off southern. Baja California.
Specimens obtained from south of the Equator
average about 0.4 photophore higher than the ma-
terial from oft southern Baja California.

MOVEMENT BETWEEN AREAS

The ubiquitous distribution of Vinciguerria lu-
cetiq has already been commented on. Over a, very
extensive area, it is taken in some stage of de-
velopment in most plankton hauls that we have
examined. In atleast a part of its range, however,
it can be shown that there must be little or no in-
terchange hetween the populations in not too
widely separated areas. The marked difference in
the average number of photophores on specimens
from northern and southern Baja California has

already been noted. It may be interesting to ex-
amine photophore counts from these two regions
in more detail. In figure 23, the distributions of
photophore counts from northern Baja California
(27°30°-30° N. latitude) and southern Baja Cali-
fornia ( 20°-25° N. latitude) are shown. These
areas are separated from each other by about 150
miles. Xt will be noted that there is little overlap
in the two distributions—slightly over 20 percent.
Thus, only 20 percent. of the specimens in the two
groups have similar photophore counts. This
value may be assumed to represent the maximal
amount of interchange (mixing) that could take
place between the two populations, at least after
the photophores have formed. It is exceedingly
unlikely that all the overlap in the two distribu-
tions would be the result of mixing, and it is a dis-
tinct possibility that little or no interchange
actually takes place between the two.
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Figure 22.—Relation of average photophore number to latitude. This is a plot of photophore counts summarized in
table 22. Only counts from areas having five or more specimens are included.
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Ficure 23.—Frequency of photophore counts per side in Vinciguerria lucetia from two regions: northern Baja Cali-

fornia (27° 30’ N. to 30° N. latitude), and southern Baja California (20° to 25° N. latitude). For each individual
the value plotted is the average of the photophore count on the two sides of the body.
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Such a marked difference in photophore num-
ber as is shown in these two populations.does not
occur over much of the distribution of V. lucetia,
hence the technique used here is applicable only to
selected areas.

VERTICAL DISTRIBUTION OF EGGS AND LARVAE

Information on vertical distribution of larvae
has been derived from two sources: (1) Vertical
distribution series taken on cruises made especially
for this purpose, and (2) deeper-level closing-net
hauls taken during “Norpac.” )

Eggs and larvae of V. lucetia were taken in three
series of vertically stratified horizontal net hauls
made off central Baja California during April
1955, but only commonly in one series (station
130.60). The distribution of eggs and larvae at
this station is shown in figure 24, This series was
taken during the night. Larvae were distributed
somewhat deeper in the two series taken during

20

40 |

60 |

80 L

DEPTH IN METERS

120 |

140

STATION 130.60

Ficure 24.—Vertical distribution of eggs and larvae of
Vinciguerria lucetia at station 130.60 (25°29’ N. Iat.,
115° 24° W, long.) on April 21, 1955.

the daytime (stations 107.80 and 110.60), mostly
between depths of 50 and 100 meters. The thermo-
cline at all three stations was deep, between 75 and
100 meters. Obviously, these data are too sparse
to permit any firm conclusions on vertical distribu-
tion of Zucetia eggs and larvae, other than that they
occur throughout the upper mixed layer, and to
some extent in the thermocline,

On “Norpac” (CCOFI cruise 5508), two net
hauls were taken at most stations, an upper-net
haul sampling the upper level from approximately
135 meters deep to the surface, and a closing-net
haul sampling the level between approximately
270 to 135 meters deep.

Three species of Vinciguerria larvae were taken
at 72 stations at which both nets were used. Only
1 upper-set haul in this group did not contain
Vineiguerria larvae, while they were taken in only
12 closing-net hauls. The total number of Vinei-
guerria Jarvae taken in these upper-net hauls was
1,723, as compared with a total of 29 in closing-net
hauls, or approximately 60 times as many. Hence,
less than 2 percent of the larvae was taken by the
closing net in the deeper layer sampled, which was
of a thickness equivalent to the stratum sampled
by the upper-net haul.

Although these results do not preclude the pos-
sibility that some Vinciguerria larvae may occur
at depths below those sampled by the upper and
closing nets, it seems unlikely that any significant
quantity occurs at deeper levels.

OTHER SPECIES OF VINCIGUERRIA
OCCURRING IN THE EASTERN PACIFIC

It should be noted that the generic name Vinci-
guerria, proposed by Jordan and Evermann (1896 :
577), but first reported in Goode and Bean (1895:
513), has been accepted without a strict regard
to priority. Bonaparte (1841) described a sub-
genus Poweria under Ichthyococcus, with P,
poweriae as type species. Apparently this de-
scription was overlooked by Jordan and Ever-
mann at the time they proposed the generic name
of Vinciguerria with V. attenuata as the type
species. However, in conformity with the prin-
ciple of conservation (Hubbs 1956) adopted by
the Fourteenth International Congress of Zool-
ogy for incorporation in the International Rules

" of Zoological Nomenclature, and in view of the

fact that apparently no previous author has
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adopted the name Poweria, it seems permissible
and proper to retain the familiar name Vinci-
guerria.

Norman (1980), in his monograph of the family
Gonostomatidae, has listed six species of Vinei-
guerria, of which two were considered doubtful.
The 4 species considered valid were the following:
attenuata, powerine, sanzoi, and lucetia; the 2
doubtful ones were nimbaria and raoulensis. As
Horsburgh (1935) has shown, sanzoi is identical
with nimbaria.

The species described by Waite (1910) under
the name of Gonostoma raoulensis may be a syno-
nym of V. nimbaria—the original description is
inadequate. The fin formula was given as D. 10;
A.10; V. 6; P. 11; C. 8+15. These counts, if ac-
curate, would set this species apart from all other
species of Vinciguerria, which never have fewer
than 13 dorsal, 12 anal, 7 ventral, and 19 principal
and 11 to 14 secondary (procurrent) caudal rays.
The caudal count given by Waite is obviously in-
accurate, and we assume that little more reliance
can be placed on the counts of other fins. The
characters of . raoulensis that suggest a close re-
lationship to némbaria are the following: (1) Gill
rakers, 5+13 on first arch; (2) presence of a sym-
physeal pair of photophores; and (3) number of
body photophores, especially a high IV number
(16).

Vinciguerria pacifici, described by Hildebrand
(1946) from off northern Peru, does not appear to
us to be distinet from lucetia.

Narooma benefica Whitley (1935) is probably a
synonym of V. lucetia. The description is based
‘on a specimen that was washed ashore in southern
New South Wales, Australia, and slightly at-
tacked by beach crustacea before collection. The
counts of rays in the dorsal (8+ %) and anal (12)
fins are probably incomplete. The total photo-
phore number is approximately 80 on each side.
The grouping as given by Whitley is probably in-
accurate since he lists 6 isthmian, 16 ventral IV,
and 12 lateral OV photophores on a side. How-
ever, I"inciguerria characteristically has 7 isth-
mian photophores and 3 less lateral OV than ven-
tral IV photophores, hence the grouping probably
should be 7 isthmian, 15 ventral IV, and 12 lateral
OV photophores on a side. A symphyseal photo-
phore is present. Gill rakers are described as
slender and numerous, but an exact count is not
given.

The four species of Vinciguerria fall naturally
into two groups, which are easily separated both
as larvae and as adults. One group contains atten-
wata and poweriae, the other group contains
lucetia and némbaria.

The two groups are easily distinguishable in
the embryonic stage. The eggs of attenuata and
powerine have an oil globule, which is lacking in
the eggs of lucetia and nimbaria.

The simplest character separating late-larval
and early-metamorphic stages of the two groups is
pigmentation, especially in the position of the
caudal pigment spot. The spot has a mediolateral
position in aétenuata and poweriae, whereas it is
just above the ventral margin in lucetia and nim-
baria. There are other differences in pigmenta-
tion between the two groups. In lucetia and nim-
baria the pigment at the base of the caudal fin
usually consists of 2 dashes above and 1 below the
midline. Also, there are generally 2 or 3 melano-
phores above the anal fin. Both of these pigment
groups are lacking in attenuate and poweriae.

The two groups are readily separated in the ado-
lescent and adult stages by the presence or absence
of the symphyseal pair of photophores. This
photophore group is developed in lucetia and nim-
baria and lacking in poweriae and attenuata.

Sanzo (1913, 1931) and Jespersen and Téning
(1926) have called attention to several characters
that are useful in separating the larvae of power-
tae from attenuata. Both have the conspicuous
axial caudal pigment spot, but this is the only pig-
mentation on larvae of poweriae. V. attenuata, on
the other hand, has pigment above the air bladder
and sometimes has a small melanophore on the
anal papilla.

An important difference between larvae of these
two species is in the distance from snout to anus.
The proportion is shorter in attenuata than in any
of the other species of Vinciguerria, being less than
70 percent of the standard length. In larvae of
poweriae, the distance from snout to anus aver-
ages about 75 percent of the standard length
(range, T3-T9 percent). )

Larvae of powerize have a “peculiar spot”
(quoting Jespersen and Taning, 1926) above the
anal papilla. Both Sanzo and Jespersen and Tén-
ing have called attention to this spot. It is not a
pigment area, but a small, conspicuous oval struc-
ture that may be a part of the urinary system.

Three species of Vinciguerria occur in the east-
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ern Pacific: lucetia, poweriae, and nimbaria.
Brief descriptions of the developmental stages of
the latter two species are given in following sec-
tions.

Vinciguerria poweriae (Cocco)

Gonostomus poweriae Cocco, 1838, Nuovi Ann. Sci. Nat.
II, p. 167 (original description).

Ichthyococcus poweriue Bonaparte, 1841. Icon. Fauna
Ital, F. 27, p. 138, fig. 8.

Maurolicus poweriac Glinther, 1864, Cat. Fish., vol. 5, p.
390 (brief description).

Finciguerria poweriae Sanzo, 1913, Mem. R. Com, Talas-
sogr. Ital,, vol. XXXV, pp. 3-7, figs. 6-9 (description of
larvae). Sanzo, 1931, Fauna e Flora del Golfo di

Napoli, Monogr. 38, pp. T1-75, figs. 50-58 (description of
eggs and larvae). Jespersen and Téning, 1919, Vi-
densk. Medd. Dansk Naturh. Foren.. vol. 70, pp. 218-220,
figs. 1 and 4 (prometamorphic stage and adult figured).
Jespersen and Téaning, 1926. Rept. Danish Ocean.
Exped., 1908-1910, vol. 2 (Biology), A 12, pp. 22-37, figs.
13-1, 14-1, 15-1, 16-1, 17-1 (comparison of F. poweriac
with three other species).

The poweriae material available from the east-
ern Pacific consisted of eggs, larvae, and meta-
morphosing individuals. We obtained no material
of either juveniles or adults. The distribution
(occurrences) of the species on “Norpac” is shown

in figure 25. Eggs from 21 localities were meas-
ured (table 23).

1 ! | 1

Fieure 25.—Distribution of Vinciguerria poweriae on “Norpac,’' based on all stages of development obtained (eggs.

larvae, metamorphosing individuals).

Shading indicates the total area covered by agencies cooperating in the
California Cooperative Oceanic Fisheries Investigations.



DEVELOPMENT AND DISTRIBUTION OF V. LUCETIA 401

TABLE 23.—Measurements of eggs of Vinciguerria poweriae
collected at 21 stations in the eastern Pacific, in 1965

Egg diameter
Norpae North West Number (mm.)
station latitude|longitude Date of eggs
measured
Mean | Range
143°23° | VIII-17... 20| 0.813| 0.76-.85
148°00’ | VIII- 11 .81 .78-.85
149°40° | VIII- 9 807 .79-.82
132°15' | VIII-21 18 797 .75-.82
138°54’ | VIII-28__. 8 808 . 78-.85
140°29° | VIII-28. .. & 799 . 76-.83
142002 | VIII-27._. 5 .78-.82
148°24/ | VUI-26. .. 7 807 . 80-.82
1254407 | IX-3..._.. 10 803 .77-.83
129°45° | IX-1._.._. 5 S02 .78-.82
132057’ { VIII-31... 7 . 797 .76-.83
134°45° | VIII-19. _. 18 . 780 . 76-.82
14 .803 .78-.83
14 .84 . 75-.82
14 . 808 .78-.83
5 786 . 77-.80
24 795 .76-.83
9 797 . 76-.82
202 5 . 789 .76-.81
145°30' | VIII-23.__ 9 . 705 . 76-.84
146°56’ | VIII-23__. 10 . 798 .78-.83

Measurements and meristic counts were made
on 26 larvae, ranging in size from 8.3 to 18.5 milli-
meters in length (table 24), and on 12 metamor-
phosing specimens (table 25). Four stages of
eggs are illustrated in figure 26, and a midmeta-
morphosing specimen is shown in figure 27.

The poweriae material obtained in the eastern
Pacific differs in several respects from that col-
lected in the Mediterranean, as characterized by
Jespersen and Taning (1926). The points of
agreement, however, are more numerous and
trenchant than the differences.  We shall discuss
three differences and then point up seven pertinent
points of agreement between our material and that
described by Jespersen and Téning. '

1. Size at metamorphosis—We have studied
six specimens of prometamorphosing V. poweriae.

Kr6t:Re 26.—Development of the egg of Vinciguerria po-w-eriac: a, early stage, at development of blastodermal cap;
b, middle stage, soon after blastopore closure; ¢, middle stage, with tail separating from yolk but still in same

plane as embryo; d, late stage.

[y
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These ranged in size from 19.7 to 22.8 millimeters
standard length. The size range given by Jesper-
sen and Taning for early metamorphosing indi-
viduals of this species was between 16 and 20 mil-
limeters standard length.

9. Number of vertebrae.—The average number
of vertebrae in Pacific material was 40.0, with a
range of 39 to 41 vertebrae in 12 specimens. Jes-
persen and Taning reported 38 or 39 vertebrae for
Mediterranean material.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

3. Nwmber of photophores.—Photophore counts
are given in table 26 for 12 specimens of meta-
morphosing V. poweriae collected from the eastern
Pacific. There is close agreement in photophore
counts between the material from the Pacific and
from the Mediterranean, except in the number of
AC photophores. Although our material is con-
fined to metamorphosing individuals, it is a simple
matter to determine from them what the full com-
plement of AC photophores will be: it will aver-

TABLE 24.—Measurements and meristic counts of larval Vinciguerria poweriae from the eastern Pacific
[BF—base formed; U—urostyle]

Body measurements (in mm.) Meristie counts !
Caudal in Number | Number
Area of gill | of verte-
Standard | Head Eye | Depth | Snout | Snout rakers brae
length | length | width at |toanus [to dorsal| Dorsal | Anal Secondary ossifled
pectoral Prineipal
D v

20°17° N., 120°45' W_ 8.3 6.20 BF BF 0
23°42' N, 143°57.58’ 9.1 7.00 0
20°84' N., 125°40’ W. 10.5 8.00 0
33°02' N, 132°15' W._ 10.8 8.20 0
33902 N., 132°15' W - b T 25 R DS FII A 0
31°00.5" N.. 148°24° W _ - 1.5 . 8.80 1
20°34’ N, 125°40' W__ 12,0 2,24 40 .79 9.50 [
31°00.8' N., 142°02’ W. - 12,0 2.16 .40 .72 9.10 0
19°57.5' N., 120°44’ W - 12.4 2.29 .44 .76 9.60 2
29°17" N., 129"45’ Ww._.. .- 12.5 289 | .. .74 9. 40 1
27°25' N., 150°00° W__ - 12.6 2.50 .51 .95 9.90 2
34°51’ N., 136°45’ W.__ - 12.7 2,43 .39 .85 9.75
34°51' N., 136°45' W. - 13.3 2.60 .42 .01 | 10.20
31°12' N., 137°19 W_. - 400 ... .42 .87 1 10.80
21°52' N, 133°51’ W__ R 15.1 2.92 .46 .86 | 11.30
29°17' N, 132957 W__ - 15.7 3.02 {. oo 1L.18 [ 1170
27°30.5’ N., 140°49° W_ - 15.9 3.03 .58 1.14 12, 3
31°09.5° N., 148°24' W_ - 16.0 2.89 .47 1,05 | 12 5
34°51’ N., 138°45'W _ . 16.1 2.80 .51 1141 12,00 ,
25934.5' N 124°21/ W - 16.2 2.97 .47 126 | 12.50 | 10.80 12 9 19 2 1 0+9 84+U
23°40’ N., 141°06’ W.. - 170 | o 15 4 19 3 2 0412 40
31°08,5' N., 130°50' W _ - 17.0 3.02 .63 1.16 | 12.60 | 10.90 13 12 19 2 1 04-9 214U
29°34’ N., 25°40’ w.__ - 17.1 3.20 .60 1.19 | 12,90 | 11.40 13 12 19 3 2 04-10 184-U
31°11' N, 145°10' W_.__ - 17.2 3.13 .52 1.18 | 12.95| 11.10 12 12 19 5 3 0410 | oo_...__
31°08.5" N.. 130°59’ W ___ - 17.9 328 ... 1.34 13.50 | 11.50 14 12 19 3 2 0411 314U
20°17' N., 120°45' W_______ ... 18.5 3.60 .66 1.37 | 13.50} 11.90 14 13 19 3 2 o411 230

I No pectoral or ventral rays are formed during larval perlod. Larval pectorals are present on all specimens and ventral buds are developed on specimens

over 15 mm. long.
2 Penultimate vertebra still lacking: total number of vertebrae will be 40,

TaBLE 25.—Measurements and meristic counts in metamorphosing stages of Vinciguerria poweriae from the eastern Pacific
Body measurements (in mm,) Meristic counts
Caudal Num- | Num-
Area ber of | ber of
Stard- |Head | Eye Depth Snout | Snout | Snout gill verte-
ard |length width to ven- | to dor- | to anus | Dorsal | Anal |Pectoral| Ventral Secondary | rakers | brae
length pectoral tral sal Prin-
cipal
D v
Prometamorphlc:
31°12'N,, 150°07° W________ 19.7 [ 4.87 | 0.79 1.76 10.2 12.1 14.6 15 14 1 6 19 7 4| 2412 40
32°03' N., 130°21’ W__. 21.1140) .79 1.70 10.8 13.2 15.9 14 14 4 7 19 8 4| 2412 40
31012/ N.. 137‘19' W.. - 21.2 | 3.85 | .60 1.856 10.8 13.6 15.8 15 13 0 | Rays? 19 6 41| 0412 41
31°12' N, 137°19’ W - 21.8 | 4.00 | .86 1.87 10.9 13.3 15.7 15 13 0 5 19 9 4| 2412 40
31°08.5' N, 130°59’ W_.... - 22.1 | 4.20 |._._.. 1.76 11.0 13.5 15.5 14 14 0 ] 19 8 4 1412 39
209°21’ N.., 126°l3’ WL 2231425 .86 1.80 1.0 13.7 16.2 14 14 2/3 7 19 8 4 1412 40
Mldmetamorphlc
2938’ N., 172°21' W ________ 17,2 ... 1.12 2.47 8.5 10.4 B U 25 FEORRPRRI PRSPPI RN SRR R (RPN D S — -
20°07’ N., 138°22.5' W _______ 19.8 | 4.38 | .89 2.08 10.6 12.2 14. 3 14 12 10 7 19 7 4| 2412 41
%9°21’ N., 126°13' W_______. 20.2 | 4.35]1.20 2. 60 9.5 1.0 13.2 156 15 10 7 19 7 41 3412 40
26°53' N., 121°39' W________ 22,0 430 | .90 2.23 115 14.1 15.6 13 14 10 7 19 7 4| 3412}, ...
Postmetamorphlc
32°53' N., 134°13' W_____._. 17.0 | 4.25 | 1.43 2.94 8.9 0.8 12.0 14 14 10 7 19 8 4 3412 39
32°52' N., 131958’ W_______. 18.2 1 4.50 | 1.35 3.25 9.0 10.0 12.5 15 14 10 7 19 8 L 2 P 40
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F1eure 27.—Midmetamorphosing specimen of Vinciguerria poweriae, 22.9 mm. in standard length, from “Norpac”
station 112D (26°53° N., 121°39" W.)

age 14.10 per side (range, 13-15), as compared
to an average of 13.00 per side (range, 12-14) for
Mediterranean specimens. Jespersen and Taning
did not report any variation in the number of
ventral IV photophores (always 16) but did indi-
cate variation in the number of lateral OV photo-
phores (12 or 13). It is likely that variation in
the number of IV photophores was overlooked by
these workers, as we have found no specimen of
this or of any other species of Vinciguerria in
which there is variation in the number of photo-
phores in the OV group but not in the IV group.
The OV group averages three photophores less on
a side than the IV group. The anterior three pairs
of IV photophores have no ¢counterparts in the OV
group, but otherwise the two groups usually cor-
respond photophore for photophore., In the ma-
terial of V. poweriae we have studied, the lateral
OV photophore group invariably had three photo-
phores less on a side than the IV group. We
found 15 to 17 photophores per side in the IV
group (average, 15.96) and 12 to 14 photophores
per side in the OV group (average, 12.96). Data

on range and average counts of photophore groups
in Pacific material of V. poweriae, V. nimbaria,
and V. lucetia ave given in table 27,

The points of agreement of V. poweriae, as de-
scribed by Jespersen and Téning from Mediter-
ranean material, with our material from the east-
ern Pacific are rather numerous. ‘We will call at-
tention to seven:

1. Eggs—The eggs of V. poweriae have been
characterized by Sanzo (1931) as having an oil
globule and being similar to the eggs of V. atten-
wata. 'We have had no difficulty in identifying the
eggs of V. powerine from the Pacific. The size
range and average diameter of eggs from 21 lo-
calities were summarized in table 23. The range
in size is from 0.75 to 0.85 millimeters. Eggs
taken in the northern part of the distribution tend
to be slightly larger than those taken farther
south, but the difference is not as marked as that
shown for V. lucetia. The single oil globule meas-
ures 0.17 to 0.19 millimeters in diameter. There
is no evidence of the thin inner shell membrane
that is found in eggs of V. lucetic and V. nimbaria.

TABLE 26.—Number of photophores in melamorphosing stages of Vinciguerria poweriae from the eastern Pacific

[Both sides of body given]

Head Lateral row Ventral row Number
Stand- Anal- of in- Total
Station North West ard caudal |complete i number
Jatitude | longitude |length | Orh ov VA IV VA (AC photo- | of photo-
331(1 S0 Br Is | group | group | group | group- group) phores phores
p
Prometamorphlc: Mm.
Norpac 82D_ 31°12 150°07" 19.7 [ 44 0| 88 -7 13-13 88| 1616 9-9 647647 4-4 82-82
5009-70.175D 32°03' 130°21’ 21.1 4-4 0 -7 13-13 99 | 16-16 -9 647648 3-3 82-83
I\Iorpac 78___ 31°12° 137°19* 2.2 44 [ 7-7 13-14 R | 16-17 | 10-9 ? ? 44 |-
Norpac ZSD._-. 31°12* 137°19 21.8 | 44 0| 88 -7 13-13 88 | 16-16 9-9 547647 4-1 81-82
Norpac 76D. ________._.____. 31°08, 5’ 130°5¢* 22.1 4-4 0| 88 -7 12-13 &7 | 1516 9-8 64-7-647 4-4 80-80
M-’zgol::l—%ﬂ.l-’»‘-’. T 20°21° 126°13 22.3| 44 0) 88| 77| 13113 9-9 ) 1618 | ©-10| 648-547 3-4 83-83
Midmetamorphic:
Chinook 14 172°21° 17.2 | 4-4 0 S8 ~71{ 13-13 9-9 -6-16 99 64+7-6-46 3-3 81-82
Norpac 163D 138°22, & 19.8 | 44 0| 88 -7 13-13 99 16-16 9-9 64+7-74+7 3-3 32-83
5304-90.152_. ___ 126°13° 20.2| 55 0| 88| 77| 183113 99| 16-16 | 9-9 14-6+8 1-2 82-83
P ;\SI&II‘IP%O ”2Df|" -- 121°39" 22,9 44 0| &8 -7 12-13 9-8 15-16 9-8 T+7-7+7 3-3 81-81
etamorphic:
N. Holiday 64_________._.__. 134°13’ 17.9 | 55 o s=| 771 1313 99| 16-16| o9 13-14 1-1 81-82
N, Holiday 65_ ___._......._. 131058/ 18.2| 55 n| s8] 77| 13-13 3-8 | 16-16 9-9 ? 2 2-2 |ocooeaan
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TABLE 27.—Full complement of photophores per side in three
species of Vinciguerria from eastern Pacific

[Figures in parentheses indicate range]

V. poweriae V. nimbaria V. lucetia
Photophore
group
Range | Average| Range | Average| Range | Average
5 5.00 5 5.00 5 5.00
[ 0 1 1.00 1 1.00
8 8.00 8 8.00 7-9 8.00
7 7.00 7 7.00 6-8 7.00
(12-14) 12.96 (13-14) 13.08 (10-13) 11.33
(0-11)( 10.00 | (10-12) 10.92 (9-12) 10.88
(15-17) 15.96 (16-17) 16.08 (13-16) 14.33
(8-10) 9.00 (9-11) 9.92 (8-12) 9.89
(13-15) 14.10 (12-15) 13.35 (12-16) 13.86
Total num-
er of
photo-
phores per .
side......_.. (81-84)| 8202 | (84-87)| 84.35) (78-86) 81.29

2. Pigmentation of larvae.—In both localities,
larval pigment is confined to the centrally placed
caudal pigment spot. '

3. Supra-anal structure—The structure or spot
above the anal papilla was present in the material
from both areas.

4. Low number of maxillary teeth.—Jespersen
and Tining called attention to the fact that V.
poweriae has a lower number of maxillary teeth
than other species of Vinciguerria of correspond-
ing sizes. We have found the same situation in
Pacific material. No larva of V. poweriae has been
examined that had more than 10 maxillary teeth.
Prometamorphosing individuals have only 8 to 12
maxillary teeth; the few midmetamorphosing in-
dividuals studied have had 8 or 9 maxillary teeth.
It is characteristic of the development of maxil-
lary teeth for marked changes to occur during mid-
metamorphosis. The oblique teeth first appear
during this stage, and the remaining teeth are
unequal in size, not subequal as in late larvae.
This difference is even more marked in V. nimbaria
than in V. poweriae. Some or most of the larval
maxillary teeth must be resorbed or shed, to ac-
count for the reduction in number at a time when
oblique teeth and small straight teeth are being
added to the maxillary. The number of maxillary
teeth in late larvae and metamorphosing stages of
the three Pacific species of Vinciguerria are sum-
marized in table 28,

The greater ranges in maxillary teeth shown for
the late stages of V. lucetia probably reflect the
greater abundance of material of this species. If
more specimens of the other two species were avail-
able, the ranges would undoubtedly be greater.
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TaBLE 28.—Comparison of the number of mazillary teeth in
three species of Vinciguerria from the eastern Pacific

Stage V. poweriae | V. nimbaria V. lucetia
7-10 13-15 10-13
8-12 14-19 12-16
8-9 11-13 12-20
13-14 12-19 14-28

5. Low anal-ray count.—The anal-ray count in
V. poweriae is the lowest of any-of the four species
of Vinciguerria, and this species is the only one in
which the average number of anal rays is lower
than the average number of dorsal rays. The ray
counts of the Pacific material of Vinciguerria are
summarized in table 29.

TaBLE 29.—Comparison of fin-ray counts in three species
of Vinciguerria from the eastern Pacific

V. poweriae V. nimbaria V. lucetia

Fin

Range | Average| Range | Average| Range | Average

14-15 14,50 14-15 14.09 13-16 14. 59
12-15 13.70 14-15 14,64 13-17 15. 14
10 10.00 1] 10.00 10 10.00

7 7.00 7 7.00 7 7.00

6. Low gill-raker count—The Pacific specimens
of V. poweriae have identical gill-raker counts
with those reported by Jespersen and Taning for
Mediterranean material. The raker counts are
much lower for comparable stages of development
than the counts obtained from specimens of V.
nimbaria and V. lucetia (table 30). It will be
noted that V. poweriae obtains its full complement
of rakers at an earlier stage of development than
do the other Pacific species. The full complement
of 12 rakers on the lower limb is developed be-
fore the end of the larval period, and the small
group (three) on the upper limb is developed by
midmetamorphosis. The full complement of gill
rakers was not found on the lower limb of V.
némbaria until midmetamorphosis or on the upper
limb until postmetamorphosis. The development
of the full set of gill rakers on the upper limb of
V. lucetia is even more delayed.

TaABLE 30.— Number of gill rakers on the first branchial arch
in three species of Vinciguerria from the eastern Pacific

Stage V. poweriae 1", nimbaria V. lucetia
Late larval ....... 0+15-18
Prometamorphic. _ 0-4416-22
Midmetamorphi . 3-5+4-17-21
Postmetamorphie__.._....} 3 6-9418-23
Juvenile and adult____..__ 8-104-18-23

1 Jespersen and Téning (1926) report 3 to 4411 to 12 gill rakers for juvenile
and adult material of V. poweriae from the Mediterranean.
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TaBLE 31.—Number and location of late-forming photophores per side in four species of Vinciguerria
[Figures in parentheses indicate range]

Number of late-forming photophores in—
V. poweriae V. attenuata ! V. nimbaria 2 V. lucetia ®
Location of late-forming photophores
Eastern Pactfic Mediterranean !
Average | Range | Average | Range | Average [ Range
number number number
Average | Range | Average | Range
number number
Opereular. . .. o .o ) N (R 1 | | R (R ) N ) S I
Symphyseal. - [+ I S [ I I [ (R ) S ) S P,
Lateral VA____ 170 (1-2) 2.05 (1-3) 3.93 (3-6) 3 3 3.10 3-4)
Anal-Caudal - 1 | S ) SR ) N (R ) U
Total oo e o 8.70 |-uucnnanns 405 ... 593 {.._...- [, 30 PO, 6.10 |- .. -

1 From Jespersen and Taning (1926).

2 From eastern Pacific.

7. Late-forming photophores—V . poweriae has
the lowest number of late-forming photophores of
any species of Vinciguerria. Available informa-
tion on late-forming photophores is summarized in
table 31.

At the initial formation of the photophores V.
poweriae usually lacks only four photophores on a
side, while the other three species usually lack six.
There is a slight, but probably not a significant,
difference between the Pacific and Mediterranean
material of V. poweriage in the number of late-
forming photophores: 3.7 as compared with 4.05.

Differences in pigmentation between poweriae
and attenuate on the one hand and lucetic and
nimbaria on the other have already been com-
mented on. Aside from pigmentation, the larva

of poweriae is quite similar in appearance to that’

of lucetia; however, the larvae of the two species
differ somewhat in body proportions. The differ-
ences are not marked, yet are greater than those
between larvae of lucetia and nimbaria. Statistics
describing the regressions of body proportions on
standard length for poweriae larvae are given in
table 32. In addition to standard length, measure-
ments were made of five body parts: head length,
depth at pectoral, width of eye, distance from
snout to anus, and distance from snout to origin of
dorsal fin. The body proportions of larvae of
poweriae differ from those of larvae of lucetia in
the following principal ways: (1) The head is
about 10 percent shorter (fig. 28); (2) the body
is more slender; depth at pectorals is about 15
percent less than in lwcetia larvae of the same
standard length; and (3) the eye is smaller, at
least in width (the dimension taken).

TABLE 32.—Statistice describing regression of body meas-
urcments on gtandard ITength for larvae of three specics
of Vinciguerra

Body proportion |Sizerange| #£ 7 n b a 8z
Head length: Xm.
lucetia..........._. 2.2-18.2 | 8.15| 1.73 | 100 | 0.214 | 0.012 | 0.1219
nimbaria. ... 5.4-16.0 110.34 | 208} 30| .18 0221 .1140
poweriae_____..___ 8.3-18.5 | 14.00 | 2.64 | 24 | .180-| .125| .1245
Body depth:
lucetia..... 2.2-18.2| 822| 0.67| 97| .088 |—-.137 | .0727
nimbaria. 3 :0110.32) 0.8 32( .103 [—.173 1060
Dpoweriae. 14.00 ; 0.97 | 25| .082 [-.177 0933
Eye diameter:
ucetia .. ..____. 8.50 ([ 0.34{ 91 ( .039 | .007 [ .0340
nimbaria 10.95 | 0.43 | 27| .040 |—.011 | .0440
oweriae. 1408 0.47] 20| .031 ) .035| .0497
Snout to dorsal
ueeli®. oo 6.6-18.2 | 11.08 | 7.01 | 57| .55 .739 | .1887
nimbaria........_. 10.-1-16.0 [ 12.00 | 8.17 16 | .574 | .764 ] .1281
poweriae. ... 12.7-18.5 | 15.90 | 10.47 | 14 | .539 | 1.896 1725
Snout to anus:
lucetia__._ 2.2-18.2 | 8.15) 6.00 | 100 | .734 | .020 | .2044
nimbaria. 5.4-16.0. 10.30 | 7.77 | 31| .731 L242 | L1417
poweriae. 8.3-18.5 | 14.00 | 10.62 | 25| .726 | .468 1893

Vinciguerria nimbaria (Jordan and Williams)

Zalarges nimbariug Jordan and Williams, in Jordan and
Starks, 1898. Proceed. California Acad. Seci., Ser. 2,
vol. 5, p. 793, pl. 76 (original description).

Vinciguerria nimbaria Gilbert, 1908. Mem. Mus. Compar.
Zool., vol. 26, p. 237 (description emended). Hors-
burgh, 1935. Proceed. California Acad. Sci. (Ser. 4),
vol. 21, pp. 230-231 (description emended, sanzoi placed
in synonymy).

Vinciguerria sanzoi Jespersen and T#ning, 1919. Vidensk,
Medd. Dansk Naturh. Foren., vol. 70, pp. 218220, figs.
2,5 (original description). Jespersen and Téning, 1926,
Rept. Danish Ocean. Exped., 1908-1910, vol. 2 (Biology),
A12, pp. 283-29 (V- sanzoi compared with other species of
Vinciguerria). .

Gonostoma raoulensis Waite, 1910. Trans. New Zealand
Inst., vol. 42, p. 373, pl. 85, tig. 1 (original description).

Gilbert (1908) first called .attention to an in-
accuracy in the original description by Jordan and
Williams of Zalarges nimbarius with regard to the
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Ficure 28.—Regressions of head length and body depth on standard length of larvae of Vinciguerria poweriae. Regres-
sion lines (solid) were fitted by the method of least squares (see table 32 for statistics describing the regressions).
The broken line above each regression is the comparable regression line for V. Incetia larvae (see figs. 4 and 3).

number of dorsal rays, and Horsburgh (1935) re-
examined the original material and further
amended the description by pointing out the pres-
ence of an adipose fin and a pair of vomerine
teeth. Horsburgh also examined material of V.
sanzoi and concluded that it was identical with 7,
nimbarie. We concur in this disposition of V.
sanzoi, as the Pacific material of V. nimbaria ex-
amined by us agrees in all particulars with the de-
tailed descriptions of larvae, metamorphosing in-
dividuals, and adults of ¥, senzoi, as described by
Jespersen and Téaning.

V. nimbaria is closely related to V. lucetia, from
which it can be rather readily separated after
photophore formation, but the eggs and younger
larval stages of the two species are practically
identical.

In the eastern Pacific, V. némnbaria is an oceanic
species, occurring mainly to the west of 133° W.
longitude. The distribution of metamorphosing
individuals, juveniles, and adults is shown in fig-
ure 29. One specimen (H50-104, Scripps Insti-
tution) was taken by explosives in the Scripps
Submarine Canyon, near La Jolla, another at
station 100.80 (30°01" N., 120°07" W.), but these

are the only individuals thus far taken within the
area routinely surveyed on CCOFI cruises. No
attempt has been made to plot the distribution of
eggs and larvae of V. nimbaria, because of the un-
certainty of distinguishing them from V. lucetia.

* However, as no specimens of V. lucetia have been

taken to the west of 134° W. longitude, there seems
to be little overlap in the actual distributions of
the two species. '

We have assumed that eggs and larvae occurring
in the area where later stages of V. nimbaria are
found also belong to this species. Several collec-
tions contained larvae in various stages of develop-
ment together with metamorphosing individuals
and juveniles of V. nimbaria. This material has
been carefully examined to determine characters
that can be used to separate the eggs and larvae
of lucetia and nimbaria. Measurements and meris-
tic counts on 34 specimens identified as ¥. ném-
barie larvae are given in table 83. Unfortunately,
the only valuable diagnostic characters do not ap-
pear until near the end of the larval period. The
eggs of the two species are almost identical in ap-
pearance and size, and both lack an oil globule.
One tenuous difference is in the amount of
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Fieure 29.—Distribution (occurrences) of metamorphosing, juvenile, and adult Vinciguerria nimbaria, based on
material studied from the eastern Pacific.

TABLE 33.—Measurements and meristic counts of Vinciguerria nimbaria larvae from the eastern Pacific
[BF—base formed; U—urostyle]

Body measurements (in mm.) Meristic counts !
Caudal fin Number | Number
Area of gill of ver-
Standard{ Head | Eye | Depth | Snout | Snout rakers tebrae
length | length | width at to to | Dorsal| Anal Secondary ossified
pectoral| anus | dorsal Principal
D v
31°09.5" N, 148°24' W 5.4 1.07 0. 40 4.00 0 0 0
23°45’ N, 150°00° W R 5.4 0.94 .28 4.10 1] 0 0
20°03' N, 150°01.5’ - 6.0 1.19 .44 4.70 10 0 0
9”57 5 N 144°15' W - 6.9 1.45 .52 5.20 19 0 0
i'N... 150%0' - 7.1 1.49 .56 5.35 19 0 0
- 7.3 1.38 .51 5.40 19 0 0
- 7.3 1. 59 .72 5. 50 19 0 0
- 7.6 | I 2 [ .68 6.00 19 [} 0
- 8.0 1.40 .30 .60 6.05 7 19 0 0
- 8.2 1.77 .32 . 65 6. 40 11 19 0 0
R 8.3 1L75 | ... . 66 .40 10 19 0 1
- 8.5 1.79 35 .82 8. 50 10 19 1 1
- 8.8 .77 35 .70 6. 50 10 19 1 1
31°09, 5' \' 148°24' - 9.1 1.24 32 .72 7.05 10 19 1 1
23°45° N, 50°00’ W - 9.2 1.84 .38 0 7.05 11 19 1 1
N. / - [ OO o RS - 12 19 1 1
- 10.1 211 .38 .70 12 19 1 1
10.7 2.18 .42 1.05 6. 95 14 13 19 3 2
- 10.7 2.28 .53 1.10 6.9 13 11 19 3 1
. 0.8 ... .44 L (30 VR P, 12 12 19 3 2
- 11.0 2.11 36 .82 8.30 7.00 13 11 19 3 2
- 1.6 2,24 .47 .95 8. 85 7.40 13 13 19 2 2
- 12.5 2.50 .51 1.21 9.2 8.00 13 14 19 4 3
N 13.0 2.80 .54 1.28 9. 50 8.00 13 12 19 4 3
- 13.1 2.50 .51 1.21 9. 85 8.20 13 12 19 4 2
. 13.3 2.53 .49 1.08 9. 90 8.50 13 14 19 3 2
.e- 13.6 27 46 1.1% 10.03 8. 65 14 4 19 2 3
.- 13.7 2.80 .52 1.11 10.20 8,50 14 14 19 4 4
14.1 3.00 .53 L13 | 10.35 8.75 14 13 19 6 3
N., 145 - 14.2 3.00 .80 1.53 10. 50 9. 10 13 14 19 5 4
31°09.5" N’ 148°24° W - 14.2 2.71 .49 1.14 10.85 9. 00 14 13 19 4 3
19°57.5° N, 144°15' W . T3 R [ (R FE 15 15 19 6 4
28°06.5' N'_., 151°25° - 14.5 2,98 66 1.53 11,00 8. 90 13 15 19 [] 4
31°09.5" N, 148°24¢' W_________.______ 16.0 3.08 a3 1.38 11.95 10. 10 14 14 19 5 4

1 No pectoral or ventral rays are formnd during larval penod Larval pectorals are present on all specimens and ventral buds are developed on most speci-
mens over 10 mm, in length.
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TaBLE 34.—Comparison of number of gill rakers in larvae of Vinciguerria nimbaria and V. lucetia from the eastern Pacific

V. nimbaria V. Tucetia
Standard length Number of gill rakers Number of gill rakers
Number of Number of
specimens specimens
Range Average Range Average
-8.9mm__ ... 4 0. 5 0.
=romm._ ... - 3|[0ornubs____.__._______ 5 0.
S89mm________ 4 | 048 . 4 0+10
-09mm__.____. 3048 . 4 nubs
10-10.9mm______. - 4 0400411 . g 0+11
A1-11.9mm_ ... 3 | 049-0410_. 5 0412
12-129 mm.__. 1 04-11.___. 1 0412
13-13.9 mm. 4 | 04100412 3 0+13.7
14-14.9 mm . 3 | 0+413-2413 1 0413.8
15159 mm_ . e 2 0+415.2
16-16.9 mm___ 1 (0413 2 04-16.
1F-17.9mMm_ e e e e e e 1 0418,

pigmentation developed in late egg stages; in the
material examined, V. nimbaric has less pigment
on late-stage embryos. The size range of eggs
identified as V. némbaria is from 0.64 to 0.72 mil-
limeter in diameter.

The pigmentation of larvae of the two species
is so similar that we have found no diagnostic
differences. All of the pigment areas described
for V. lucetia also develop on larvae of V. nim-
barie. Since Jespersen and Tining (1926) have
also described the pigmentation of larvae of V.
sanzoi (=nimbariz), there can be no question
about the accuracy of this observation. In both

species the caudal spot is near the ventral margin. .

Both species develop several pigment spots above
the anal fin, and also along the base of the caudal
fin rays. Morphometric measurements have not
shown any clear-cut differences in body propor-
tions. Two characters are useful in separating
late-stage larvae: gill rakers and teeth. As noted
previously, only the gill rakers on the lower limb
of the first branchial arch develop during the
larval period; rakers were developed on the upper
limb of only one specimen that we have examined.
The number of gill rakers on the lower limb in
late stage larvae of V. nimbaric is 12 or 13, as com-
pared with 15 or 16 on late-stage larvae of V.
lucetia (table 34). T. lucetia usually has two
more gill rakers at initial formation during the
larval period and three more at the beginning of
metamorphosis than F. nimbaria.

There are more maxillary and mandibular teeth
on larvae of V. némbaria than on larvae of com-
parable size of V. lucetia (tables 8 and 35). Larger
larvae of V. nimbaria usually have about 2 more
maxillary teeth and 1 more mandibular tooth per
side than do comparable-sized larvae of V. lucetia.

TABLE.35.— Number of leeth per side in larval Vinciguerria

nimbaria
Maxillary Mandibular Premaxillary
Num- lateral
Standard, ber of
length speci-
mens | Range | Aver- | Range | Aver- | Range | Aver-
age *age age
2 2-3 2.5 0 0 1] 0
4 3-6 4.8 0 0 1} 0
3 6 6.0 1-3 1.4 (1} 0
4 -8 7.5 2-4 3.0 0 0
3 7-9 8.2 3-8 3.8 0 0
4 10-13 1.0 3-5 4.4 0 1]
3 11 1.0 56 5.2 0 0
1 13 13.0 56 5.5 0 0
13-13.9mm____ 4 11-13 12,2 4-8 6.0 0-2 1.0
14-14.9mm.____ 3 12-15 13.3 6-8 6.8 2-4 2.8
16-16.9mm.____ 1 13 13.0 5-6 5.5 2 2.0

Metamorphosing and older individuals of V.
nimbaria are readily separable from specimens of
T. lucetia on the basis of measurements and mer-
istic counts (table 36), and espeecially of photo-
phore counts (table 37). In addition to differ-
ences in number of gill rakers, there are differences
in the number of IV and OV photophores. Speci-
mens of V. nimbaria have 16 (rarely 17) photo-
phores in the ventral IV group and 13 (rarely 14)
in the adjacent OV group. Occasionally, V. lucetia
may have as many as 16 ventral IV photophores
and 13 OV photophores (8 specimens out of 586
studied), but the average numbers in these groups
are oily 14.34 and 11.34 photophores, respectively.
The few specimens of the two species that have
identical numbers of IV and OV photophores may
be separated by examining the gill rakers (table
30). The full complement of gill rakers in V.
némbaria is 5-6+15 in the material examined,
while in T. Jucetia the range is from 8-10+18-23.
It will be noted that V. nimbaria and V. lucetia
have identical numbers of lateral VA and ventral
VA photophores (table 27). Both species average
about one photophore more per side in the VA
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groups than V. poweriae. V.nimbariahas a some-
what lower average AC photophore count than
V. lucetia: 13.35, as compared to 13.86. This dif-
ference is even more marked if the comparison is
confined to individuals of V. lucetic having 15 or
more ventral IV photophores per side; the average
AC count on these specimens is approximately
14.25 photophores per side.

The number and location of late-forming photo-
phores are identical in V. néimbaria and V. lucetia.
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V. némbaria averages nearly 1 vertebra more
than V. Jucetia. Of 16 cleared and stained speci-
mens of V. némbaria that had the vertebral column
developed, 12 individuals had 42 vertebrae, 1 had
43, and 3 had 41, for an average of 41.9 vertebrae.
The range in vertebral numbers in V. lucetia is
from 39 to 42, with an average of 40.9 vertebrae.

Differences in body proportions between ¥. nim-
baria and V. lucetia are too slight to be of use in
separating the two species.

TABLE 36.—Measurements and meristic characters in metamorphosing, juvenile, and adull stages of Vinciguerria nimbaria
Sfrom the eastern Pacific

Body measurements (in mm.) Meristic counts
Caudal Num- | Num-
Area Depth _ber of | ber of
Stand- Head | Eve at Snout | Snout | Snout Pec- glll verte-
ard length|width oc- to to to Dorsal | Anal| toral [Ventral Secondary | rakers | brae
length p ventral [ dorsal | anus Prin-
toral cipal
D v
'Prometamorphl A
20°06.5’ N., 153°06’ Wo | M2 063 | e feeiiamen i c|omeaeas 14 13 0 19 3 4 2413 43
19°57.5" N., 144915 Wo____ [ ] 11.0 14 14 0 19 6 4 1413 42
31°00.5° N, 148° 24’ ' W______ 9.6 11.3 13 14 0 19 7 4 24-:3 42
20°08’ N, 150°01.5' W 9.8 11.4 14 15 0 19 7 41 2413 42
23°45’ N.,.150°00° W 9.7 11.3 13 15 0 19 6 4 2414 42
28°04.5’ N., 151°25' W 9.3 1.5 15 15 0 19 8 41 3414 42
32°02 N, 140°85' W________| 175 |-ceooolemao]omm e |emmmce e e e e 14 15 1 19 8 4 2414 43
31°08.5° N., 130°59’ V¥ 12.2 14.2 14 14 1 19 7 41 2413 42
Midmetamorphic:
22°34’ N., 154°01' W ___ . 9.7 11.4 14 15 10| 7. 19 8 4| 4415 42
23°45 N 150°00' W _______ 10.0 11.6 14 15 10| 7. 19 8 4 4414 42
22°53' N, 134"13’ W 10.2 12. 4 14 14 T Teeaee 19 7 4 3414 41
Postmetam-rrhic: -
22°34' N, 154°01" W________ 9.7 11. 5 14 15 10 | 7. 19 8 4| 5415 42
23°40’ N 141°06° W________ 10.0 12.0 14 15 10 7. 19 8 4| 5415 42
Juvenile and adult:
10°57.5' N, 144°15' W______ 14.0 1A. 5 14 14 1017 19 8 4! 5415 41
20°03' N., 150°01.5' W ___.__ 13.9 15.9 14 14 107 19 ] 41 5415 41
21°52° N, 133°51' W__ R IR+ 1 ) SRR (RPUPRNS FUPUIURI FRPUPRRyn ERSPUR SRR PRVIVIRRIS PRI PRSSOUPIvR VSRR PR RRRU PPNV PRSP PR 5415 |- e
Seripps Canyon___.co.._.._ 28.8 33.5 14 15 Y0 7o 6415 |-
ABLE —Number o otophores in melamorphosing, juvenile, and adult stages o inciguerria nimbaria from the eastern
T 37.—Numb hotoph 4 h juvenile, and adult stag Vi b the east
Pacific
[Both sides of body given]
Head Lateral row Ventral row
Stand- Number | Total
Station North | West lon- ard Anal-caudal| of photo- iInumber of
latitude gitude length | Orb ov VA v VA |(AC group)|phores in-| photo-
a(;ld So Br Is | group | group | group | group complete | phores
P :
Prometamorphic: Mm.
Chinook 14 32°38'. .| 172021/ ___ 140 | 4-4 0; 88| 7-7 13-13 8-8 16-16 | 10-10 | 645646 66 83-84
Norpac 81.5 . 31°09.5" _| 148°24'___. 15.1 d-4 01 88| 7-7 13-13 8-9 16-16 | 10-11 54-6-5+6 66 83-85
N. Holiday 56 28°06.5'_| 151°25'_ | 15.6 | 4-4 o 88| 77| 18313 88 | 16-16 | 10-10 [ 6+4+6-74+6 66 84-85
N. Holiday 61 32°02’___| 140°55'____ 17.5 | 4-4 0| 88| 77 13-13 8-8 16-16 { 10-11 7+7-647 67 86-87
Norpac 76D _. 31°08.5°.. 130°59'____ 19.4 | 44 0} 88| 77 14-14 -7 17-17 6+7-746 | 6-6 85-85
Midmetamorph
Norpace 131.5. 22034’ ___| 150°01’..__ 17.3 | 55 0} 88| 77 13-13 88 16-16 | 10-10 | 6+6-74+5 55 84-84
Norpac 131D ___ e 23°45°___| 150°00°.___ 17.6 } 44 0, 88 7-7 13-13 88 16-16 | 10-10 | 646-646 6-6 84-84
N. Holday 4. .__.._..._.... 32053/ .| 134°1%'..__ 179 ] 44 0] &8, 77 13-13 -8 16-16 1 1010 | ©46-646 56 84-84
Postmetamorphic:
Norpae 131.5... oo .. 22034!___| 150°01°____ 17.2 5-5 1-1 88 7 13-13 9-9 16-16 10-10 64-6-6-47 3-3 84-85
Norpac128D_____._._..._... 23°40°___) 141°06'_.__| 18.2| 55 0| 88| 77) 1313 9-8 16-16 | 10-10 | 64-6-64-7 45 84-85
Juvenile and adult:
Norpae 155D oo 19°57 57..] 144°15"____ 24.1 55 1-1 88 7-7 13-13 11-11 16-16 10-10 R4-84
Noarpac 157TD__.___._. °03’- .. | 150°01.5'__ 25| 55 1-1 88 7-7 | 13-13 10-11 16-16 9-10 83-84
Norpac 141D__ . _____.. - "1°52’. .| 1389517 . __ 30.0 55 i-1 $-8 -1 13-13 11-11 16-16 10-10 84-84
Seripps Canyon 32058/ 117°17"____ 48.0 | 546 1-1 &8 | 77| 1213 10-11 16-16 9-10 83-83
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SUMMARY

The development of Véinciguerria lucetia, fam-
ily Gonostomatidae, is described from the em-
bryonic to the adult stages. V. lucetic is one of the
most abundant pelagic forage fishes in the eastern
north Pacific.

The pelagic egg is moderately small (0.58-0.74
mm.), spherical, lacks an oil globule, has seg-
mented yolk and a double shell membrane. There
is an apparent cline in egg size with latitude.

Postembryonic development has been divided
into six stages: larval, prometamorphic, midmeta-
morphie, postmetamorphic, juvenile, and adult.
In dealing with changes in body form, each stage
has been treated separately. Six dimensions have
been studied in addition to standard length: head
length, body depth, eye width, distance from
snout to insertion of ventral fins, distance from
snout to dorsal origin, and distance from snout to
anus. Rectilinear regressions of size on size have
been derived for each body dimension.

The threadlike, nearly colorless larvae are sim-
ilar in appearance to larvae of the sardine and an-
chovy. The range in standard length of larvae
studied was 2.2 to 18.2 mm.

Marked changes take place in body proportions
and body structures during metamorphosis with
little or no increase in standard length, The head
length increases about 20 percent between the lar-
val stage and postmetamorphic, the eye diameter
and also body depth increase approximately 80
percent. On the other hand, there is approxi-
mately a 10-percent decrease in distance from
snout to insertion of ventral fins and from snout
to dorsal origin, and a somewhat greater decrease
in the distance from snout to anus.

Specimens of V. lucetia metamorphose at a
smaller size in the area south of 25° N. latitude
than in the northern part of the range. '

Ossification of the vertebral column occurs im-
mediately before metamorphosis. The centra of
vertebrae ossify before the neural or haemal
spines. The range in number of vertebrae is from
39 to 42. The total number of vertebrae shows a
definite latitudinal variation.

Gill rakers form on the lower limb during the
larval period, but do not appear on the upper
limb until metamorphosis. Gill-raker formation
is completed by the end of metamorphosis.

Tooth development is traced from the larval

period through to the adult. Maxillary, premax-
illary, and mandibular teeth first form in the lar-
val stage, but palatine and vomerine teeth do not
appear until postmetamorphosis.

The caudal, dorsal, and anal fins form during
the larval period, but procurrent caudal-ray for-
mation -is not completed until metamorphosis.
Rays do not form in either the pectoral or ventral
fins until metamorphosis.

Photophores develop during metamorphosis, at
first as white photophores (prometamorphic
stage) then as pigmented functional organs. Six
or seven pairs of photophores form late; two pairs
are usually added during the midmetamorphic
stage, the remainder during the postmetamorphic
stage. Photophore formation is completed and
all photophores are pigmented by the end of meta-
morphosis. Marked differences were found in the
average total number of photophores per side in
different parts of the range between 35° N. and
14° S. in the eastern Pacific. Specimens from 30°
to 35° N. averaged nearly 83 photophores per side,
while specimens obtained between 5° and 15° N.
averaged less than 80.5 photophores per side.

Abundance and distribution of larvae within
the California Cooperative Oceanic Fisheries In-
vestigations survey area are estimated and illus-
trated for 1951 and 1952. Based on more exten-
sive collections, V. lucetie has been obtained be-
tween 35° N. and 14° S. latitude and 78° and 134°
W. longitude.

Two other species of Finciguerrie have been
found to occur in the eastern Pacific: V. nimbaria
and V. poweriae. Both occur on the fringes of the
area routinely surveyed on CCOFI cruises, but
both were well represented in the extensive cover-
age obtained on “Norpac.” Characters used to
separate the three species at different stages of de-
velopment are given.

1. poweriae is readily separated in the adoles-
cent and adult stages by the absence of the sym-
physeal pair of photophores, which is developed in
lucetia and nimbaria. The simplest character for
separating late-larval, and early-metamorphic
stages of V. poweriae from the two other species is
pigmentation, especially the mediolateral position
of the caudal pigment spot. Measurements and
meristic counts are given for larvae and metamor-
phosing stages of V. poweriae and for all stages
in the development of V. nimbaria.
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V. nimbaria can be rather easily separated from
V. lucetia after photophore formation, but the
eggs and younger larval stages of the two species
are practically identical. Two characters are use-
ful in separating late-stage larvae: gill rakers and
teeth. There are more maxillary and mandibular
teeth and fewer gill rakers on larvae of V. nim-
baria than on larvae of V. lucetic. of comparable
size.
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APPENDIX

Measurements of individual specimens of Vinci-  in separate tables with the exception of juvenile
guerria lucetia are given in the following five tables.  and adult stages, which are combined in one
The different stages of development are presented  table.

APPENDIX TABLE 1.—Measurements (in mm.) of larvae of Vinciguerria lucetia from the eastern North Pacific

Station North West Standard Head Eye Depthat | Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

510610740 - oo oeemoeo . 30°23° 116°46° 2.24 135
5106-120.110_ 25°38' 119°44’ 287 1.6
5108~120.110. 25°38’ 119°44° 2,42 1.85
5106-127.40. 26°40° 114°31° 2,45 1.66
5106-120.110. 25°38’ 110°44° 247 1 80
5106-120.110. 25°38’ 119°44/ 2,47 1.60
5106-127.40. . 28040’ 114°31 2,60 1.60
5106-127.40. 2°4(’ 114°31" 2. 60 1.69
5106~107.40. . 30°23’ 116°48° 2,62 L70
5106~127.40. . 2840’ 114°31° 2,75 180
5105-137.60. - 24021’ 114°4¢’ 3.00 2.05
5106-107.40 . ____ e 30°23’ 116°46" 3.00 2.05
5106-107.40 ... 30°23' 116°46’ 3.05 2.08
5105-137.60. . 24°21’ 114°40" 3.50 2.35
5106-120.110. 25°38’ 119°447 3.50 2.47
5106-107.35. . 3031/ 116°25' 3.51 2.47
5108-120.110_ .. . eeee . 25°38 119°44° 3.70 2,76
5106-127.40. ... .. 26°40" 114°317 3.75 2.7
5106-120.110. 25°38’ 119°44/ 4.00 2. 54
5106-107.35_ . 30°31" 116°25' 1.08 . 2.9
5106-107.40. . 30°23’ 116°46° 4.10 . 2.95
5106-130. 24°27° 117°18' 4.25 . 3.15
5106-107.40. . 30°23° 116°46° 4.25 . 3.20
5108-120.110. 25°83/ 119°44’ 4.60 . 3.30
5106-127.40. . 26°40’ 114°81" 4.75 . 3.55
5106-127.40. . 26°40° 114°31’ 4.75 . 3.50
5108-180.80_ - oo 24°27 117°18° 4.75 . 3.85
5106-180.90_ oo 24027/ 117°18’ 4.90 1.00 35 3.60
5103-120.100- - ... e 259337 119°44° 5.00 713 (O I 3.75
S106-127.40_ .. . oo 28°4(’ 114°317 5.00 .95 .18 .34 3.75
5106-130.90_ ..o - 24027/ 117°18’ 5.15 115 .21 .35 4.05
5106-130.90____ ... ... 24097 117°18’ . 5.25 114 .21 .40 3.85
5106-130.90_ .. .o 24°27° 117°18° 5.35 1.20 .23 .35 4.10
5106~127.40_ oo 26°40’ 114°31° 5.45 L5 |l .31 4.00
S000-70.145. __ oo 33°08" 128°20° 5.80 1,40 (acmomee .. .40 4.35
5105-137.60. . __ ... 24°21/ 114°40° 5. 80 1,22 .21 4.35
8009-70.160 .o 32°40° 129°24’ 5.85 1.86 oo 4.45
5106-127.40____________ .. . " 26°40’ 114°31° 5.95 1.28 .2 4.35
5106-130.90._ 2A4°27° 117°18’ 6.00 1.45 .28 5.25
5105-137.80. - 24021’ 114°40’ 6.25 1.80 .24 4.65
5106-130.90. - 24027" 117°18' 6.25 1.35 .23 4.60
5106-107.35.. 30°31° 116°25 6. 50 1.30 . - I I 4.90
5106-120.110.. . 25°38/ 119°44’ 8.65 1.50 .2 4. 50 5.00
5106-130.90-. - 24027 117°18’ 5. 85 1.50 . 4,50 5.20
5108-130.90- 24°27' 117°18’ 7.25 1. 50 .28 5.00 5.60
5106-123.40-. 27°18’ 114952/ 7.30 1.53 - Y3 IV I 5. 55
5106-130.90 24°27' 117°18’ 7.40 1.80 .28 5.00 5.60
5009-70.145 383°08’ 128°20° 7.45 170 .32 5.00 5. 55
5106-107.40 30°23' 116°46° 7.50 1.60 .30 5.00 5. 50
5105-137.60 24021/ 114°40° 7.60 1.55 .30 5.00 5.90
5108-93.90 250/ 121°34’ 7.70 1.60 .30 5,00 5.60
5106-107.35 30°31" 116°25° 7.75 1.85 .30 5.00 5.85
5009-70.160 32040/ 129°24 8.10 1.80 {_______ 5.25 6. 50
5009-70.,180 32940/ 129°%* 8.25 1.95 .30 5.45 6. 20
5009-70.145. 33°06’ 128°2( 8.30 2.00 .35 5.75 6.25
5106-130.90.. . 24°27" 117°18’ 8. 45 1.85 .32 5.75 8.35
5106-83.90____.___. 30°50" 121°34’ 8.45 1.95 .35 5.30 8. 50

0. . 30°50" 121°34/ 8. 50 1.85 .35 5.50 6.85
5106-107.40 30°23" 116°4¢’ 8.75 2.02 .30 5. 50 6. 30
5108-93.90. . __ 30°50° 121434 8.80 1.95 .37 5.60 6.35
5106-107.40. .__ 30°23’ 116°467 8.90 2.00 .32 575 6. 55
5009-70.145_ 33°06° 128°20° 9.15 215 .38 6.30 7.00
5106-93.90. . 30°50/ 121°34° 9.30 2,20 .37 5.80 6.75
5106-93.90. __ 30°50° 121°3¢4/ 9. 50 2.05 .35 8.25 7.25
5103-120.110. 25°33° 119°44' 9.60 1.87 .35 6.25 7.15
5106-93.90... . 30°50" 121°34' 9.65 2.20 .40 8.25 7.05
5009-70.145_ _ 33°06° 128°20” 10.15 2,40 .40 6. 55 7.70
5105-93.80_ ... ... 31°10° 120°5¢ 10.35 2,25 .35 6. 50 7. 50
800970045 _____ . . ___ 3306’ 128°2)’ 10. 50 2. 50 40 6.75 7.95
5011-138.60. - __ .. . ____ 24°53’ 115°10° 10. 65 2.40 47 6.60 8.00
5106-03.90. __ 30°50" 121°34/ 11.25 2.40 .50 5,95 8.35
5009-70.160. _ 32°40° 120°24 11.30 2.55 .47 7.75 8.50
5009-70.160.. - - 32¢40" 120°24/ 11.35 2,60 .50 7.25 8.40
5106-03.90. __ 30°50" 121°34’ 11.35 2,60 . 50 7.00 8.60
5106-98.90_ .o eieeooo_ 30°50” 121°3¢’ 11.35 2.35 .52 7.30 8.25

413
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APPENDIX TABLE 1.—Measurements (tn mm.) of larvae of Vinciguerria lucetia from the eastern North Pacific—Continued

Station North West Standard Head Eye Depthat | Snout to |-Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

B106-107.40 - - oo eecaaiaaoa 309023’ 116°46° 11, 55 2.30 n.42 . 6.75 7.85
5009-70.145_ ... 33°06’ 128920/ 1160 2,50 . 50 . 7.25 8.55
5106-107.35. 30°31’ 116°25° 11.60 2,35 .42 . 7.25 8.35
5106-107.35. . 30°31" 115°25° 1.7 2,39 . 40 . 7. 50 8.60
5009-70.160.. . 32°40° 129°24/ 1L 7 270 .50 1.00 7.35 8.65
S009-70.X60. . - ..o 32°40° 129°24" 11. 90 2,70 .57 L 7.40 9.00
5009-70.145. ... ... 33°08" 128°20/ 12.05 2,75 . 50 1. 7.75 9.00
BI06-107.35 . - oo 30°31° 114°25 12.20 2,60 .49 . 7.25 9.00
5106-107.80. ... 2854/ 119°18° 12.80 2,70 .49 . 8.00 9.40
5011-130.110_ . _.___._.___. 2357/ 118°33’ 13.20 2.89 .65 1. 8.05 9,20
5011-133.60. . 24° 53' 115°10° 13. 30 2,90 .51 1. 8.20 9. 65
5009-70.145_ .. .. 33°06" 128°20° 13.40 2.75 . 50 1 3.40 10. 00
5106-93.90. ... 30°50’ 121°34/ 13. 50 2.75 .52 1. 8.40 10.00
4909-81.107_ ... 32022/ 124°13° 13. 60 2.%6 .52 L 8.30 9. 80
5009-70.145 33°06° 128°20° 13. 7. 3.00 .60 1. 8. 50 10.05
5011-133.60_ ... .. 24°53' 115°10° 14.35 3.10 . 58 1 9. 00 10.70
4909-102.74 . _ 20°53’ 119°29’ 14.70 3.20 . 66 1 9.00 10. 60
4009-71.85. __ 34°5¢4' 124°06° 14. 80 3.07 .63 1L 8. 90 10. 50
4009-81,107__ 32022/ 124°13° 14. 80 2. 88 .61 1 9.30 10. 80
4909-81.107. - 32022’ 124°13° 14.80 2.M . 60 1L 9.10 11.00
5011-133.80. - 24°53’ 115°10/ 15.20 3.20 . 58 1 9.00 11.10

34°42 124°48° 15, 50 3.10 .60 | 1 9.50 1L.20

29°53’ 119°2¢’ 16. 20 3.43 . 66 1. 10. 20 11.65

31°10/ 127°08’ 17.20 3.30 .60 1 10. 40 12, 50

34°19" 124°18° 18.20 3.60 .65 1 11.25 13. 10

AprPENDIX TABLE 2.—Measuremenls (in mm.) ¢f prometamorphic-stage specimens of Vinciguerria lucetia from the eastern
North Pacific

Station North West Standard Head Eye Depth at | Snout to Snout to Snout to
latitude longitude length length width pectoral - ventral dorsal anus
21°53’ 110°35° 13.2 2.75 0. 56 1.28 6.1 8.0 9.4
23°50" 114°14/ 13.8 3.00 .60 1.66 7.1 8.4 10.0
21°53/ 110°35* 14,2 2,97 .58 1.42 8.1 8.8 10.3
22004’ 113°18" 15.2 3.25 . 58 1.69 8.0 9.7 11.2
22°33/ 109°23* 15.5 3.15 .56 1.50 7.5 9.5 1.0
18°08/ 124°14’ 16.0 3.50 .70 1: 40 7.5 9.8 11.2
24053/ 115°10¢ 16.0 3.25 .78 1.50 8.1 9.8 11.2
24°53" 115°10° 16.1 3.30 .58 1.25 8.1 10.0 1.7
23°57/ 118°33* 16.5 3.76 .79 1.495 8.4 10.1 11.8
5205-110.90_______________ 28°01/ 119°3¢’ 17.0 3. 60 .65 1. 40 8.0 10.0 1.8
4909-102.74__ . _______._. R 29°53/ 119°29’ 17.0 3.68 .68 1.70 8.4 10.8 12.2
4000-71.85_ . ____________. 34°54/ 124°06° 17.2 3.82 70 1.87 8.8 10.7 12.4
4000-R1.107__ .. ... 32922 124°13' 17.3 3.80 79 1.75 88 10.6 12.4
5000-70.190. ... 31°35’ 131°29° 7.6 3.65 7 170 8.4 10.5 12,2
4909-71.85 oo 34°54 124°06° 17.8 3.68 .74 1.80 9.3 10.9 12.8
4900-71.85_ . ... 34°54" 124°08’ 18.0 3.90 .84 1.95 9.2 11.0 12.9
490980147 ____ ... 31°10¢ 127°08" 18.1 3.75 7 2.00 9.1 11. 4 13.2
4909-80.147 . .. .. 31°1¢° 127°08" 18.2 3.80 72 1.80 9.0 11.2 13.1
4009-70.95 . - e iiiaias 340427 124948’ 18.3 3.60 .70 1.80 9.0 1.5 13.2
4900-102.94 29°10° 120°48’ 18.9 3.76 80 L84 9.0 1.2 13.0
4909-81.107. 32022’ 124°13/ 18.9 3.90 7! 1.76 9.5 11.4 13.4
N. Holiday 66_ . - o o aas 32°39/ 120°41/ 19.2 3.55 1.70 9.3 1.5 13,2

ArpENDIX TABLE 8.—Measurements (in mm.) of midmelamorphic-siage specimens of. Vinciguerria lucetia from the eastern
North Pacific

Station North West Standard Head Eye Depthat | Snout to | Snout to | Snout to
latitude longitude length length width pectoral ventral dorsal anus

18°08° 124014’ 13.5 3.15 0. 58 1.60 6.6 8.2 9.6

18°06° 124°14' 13.8 3.25 .66 1.77 6.5 8.1 9.1

18°06/ 124°14 13.8 3.35 . 66 1.67 6.8 8.4 9.5

21047 112°1¢ 14.1 3.34 .72 1.33 6.8 8.5 9.5

23°45/ 114°18/ 14,2 3.46 .75 2.2 6.7 8.2 9.4

22°33" 109923/ 14.3 3.41 .77 2.10 6.8 8.2 9.5

24°13’ 112°04' 14.3 3.51 .72 2.11 6.8 8.4 9.4

21°32/ 111°14/ 14.8 3.30 .61 1.61 7.0 8.6 0.9

R 21°47/ 112°14/ 14.8 3.35 . 60 1.77 7.2 8.8 10.0
5106-157.10_____ 22°33’ 109°23’ 15.0 3. 40 72 172 7.0 8.8 10.0
5011-140.70_____ 23°25° 114°55° 15.0 3.23 .64 1.75 7.0 8.8 10.0
5401-143.30_____ 24°13* 112°04/ 15.1 3.36 . 66 1.85 7.0 3.8 10.0
5106-157.10__.__ 22033’ 023" 15.2 3.41 .70 1.85 7.0 29 10.0
5106-157.50_____ 21°12' 111°52/ 15.3 3.55 .70 2.13 7.2 8.7 10.0
5011-137.50_____ 24°39° 114°02 15. 4 3.51 .68 2.05 7.5 9.1 10.5
5112-120.60____. 27°13’ 116932’ 15.5 3.33 .65 1,82 7.4 9.2 10.5
5106-157.50__. __ 21°12’ 111052 15.6 3.64 T.70 2.05 7.2 9.0 10.2
5106-157.40__._ .. 21°32 111°14 15.7 3.36 .58 1.80 7.2 9.4 10.4
Shellback 13.. 18°08’ 124°14/ 15.8 3.55 | Kt 1. 95 7.5 9.2 10. 4
5106-157.40.__ .. 21932’ 111°14 16.0 3.38 .61 1.82 7.5 9.5 10.7
5202-140.40. _. . 24°26/ 113°02" 16. 4 3.46 .61 1.82 7.9 9.9 11.2
5112-120.60_____ 27°13' 118°32' 18.5 3.64 T 2.10 8.0 10.0 10.9
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AprENDIX TABLE 3.—DMeasurements (in mm.) of midmetamorphic-stage specimens of Vinciguerria lucetia from the eastern

North Pacific—Continued

Station North West Standard Head Eye Depthat | Snout to Snout to Snout to
latitude longitude length . length width pectoral ventral dorsal anus
5011-133.60._ .- all. °53" 115°10/ 16.6 3.75 0.80 1.95 7.9 9.8 10.9
51068-157.40 21°32/ 111°14* 16.7 3.55 .61 1.82 8.2 10.0 11.9
5104-100.100. 29°20° 121028/ 18.9 4,00 .91 2.36 7.8 9.5 10.9
5:02-120.60 27°13/ 116°32/ 17.2 3. 585 .99 1.87 8.0 10. 4 10.7
§009-90.145._ _ 20°32/ 125°40/ 17.2 3.64 .70 1.82 8.0 9.9 11.6
4911-92,137__ 29°34/ 12452’ 17.3 3.90 .79 1.80 8.2 10.1 1.5
4911-80,147__ 31°11” 127°03° 17. 4 4.00 .88 2.16 8.4 0.1 |oo oo
4011-123.63__ 26°40° 115°28° 1.5 4.9 1.00 224 82 9.9 11.5
4910-70.115__ 34°07° 126°17° 17.6 3.80 .84 2.08 8.4 10.0 1.8
5108-100.60. _ 30°41" 118°48* 17.7 4.00 7 2,39 .6 10.5 12,0
4911-80.137... 31°29’ 146220" 17.7 4.00 .89 2.26 8.6 10.1 1.8
4000-80.147 . _ 31°10° 127°08° 17.3 4. 00 .88 2.20 8.5 10.5 11.7
5011-133.70. - 24°35/ 115%40° 17.9 3.85 .70 1.95 8.0 10.6 12.2
4911-80,137_ 31°u9” 126°20" 17.9 4.02 .96 2,34 8.5 10.0 1L.8
4911-102.74_ °56" 119°29’ 17.9 3.95 .82 1.85 8.2 10.8 12,2
Shellback 13__ 18°06’ 124°14° 17.9 4.00 .86 1.95 8.6 10. 4 12.0
4000-80.147 31°10° 127°08/ 18.0 3.90 .88 2,30 &8 10.6 12,2
5009-70.190_ 31°35° 131°29/ 18.0 3.80 .85 2.30 8.4 10.5 12,0
4908-123.75_ 26°16° 117°03" 18.2 4.00 .68 2.08 8.9 11.0 12.3
4909-80.147. 31°10* 127°08' 18.2 3.75 .88 2.26 8.8 10. 4 12,1
5110-107.40. 30°08' 116°48’ 18. 4 4.10 .77 2.13 9.0 1.0 12,5
4911-80.137. 31°20° 126020/ 18. 4 4,03 .79 2.28 8.0 10.8 12.3
4000-80.147. 31°10° 127°08’ 18.8 3.90 .80 2.18 9.1 11.1 12.8
4900-80.147_ 31°10" 127°08° 18.7 4,00 . 86 2,30 9.0 11.1 12.8
4900-80,147. 31°10’ 127°08’ 18.7 3.90 .80 2.10 9.1 1.5 13.0
4909-80,147. 31°10" 127°08' 19.0 3.9 .82 2.3 9.3 1.5 13.1
S110-107.40. ... 30°08" 116°48/ 19.2 4.10 T 2.21 9.2 11. 4 13.0

ApPENDIX TABLE 4.—Measurements (in mm.) of postmetamorphic-stage specimens of Vinciguerria lucetia from the eastern

Pacific
Station Latitude Longitude | Standard Head Eye Depth at | Snout to Snout to Snout to
length length width pectoral ventral dorsal anus

BI0-157.00 s 22°33'N. 100°23°'W, | 13.2 3. 50 0.90 1.92 6.3 7.8 8.9
5110-127.50. 26°24'N, 115°08°'W, 13.2 3. 46 .80 2.05 6.3 7.6 88
5011-150.100 20°41'N, 115°40°W, 13.7 3. 56 .97 2.20 6.5 7.7 8.9
5011-140.70. __ o|  23925°N. 114°65'W. 14.0 3.90 115 2.35 6.8 7.8 9.0
5201-137.50._ .. 24°41'N. F14°02°'W, 14.3 3.90 1.08 221 8.7 81 9.2
5011-157.30 ... 21°52'N. 110°3%°W, 14.5 3.80 L07 2.21 6.7 8.2 9.2
Shellback trawl 16____. | 12°07'N. 106°03°W, 4.7 4.05 117 2,65 7.1 8.5 9.2
5011-153.50. .o .. ... -|  21°47°N. 112°14'W, 14.7 3.7 1.18 2,31 7.0 8.5 9.6
5108-153.20_ . .____.__.__ .| 22°48'N. 119°22'W, 14.8 3.87 1.00 2,13 7.0 8.2 9.6
. 5011-140.70. .. ____._._.. .| 28°25'N. 114°55'W. 15.2 4.00 .95 2,15 7.0 8.4 0.9
5011-150.110. . ________.__. . °21'N. 116°17°'W. 15.2 4.15 1.30 2. 45 7.3 8.8 9.8
Shellback trawl 16_._._.. .| 12°7'N. 106°03°'W. 15.3 4.35 1.40 2, 60 7.4 8.8 9.9
5011-137.40.. .. ______._ .| 25°00°N. 113°23'W. 15.3 3.985 L o8 2.30 7.1 8.6 9.8
5106-153.20_ .. _.____._.. .| 22°48'N. 110°22'W, 15.8 3.97 100 2.18 7.4 9.0 10.2
5401-147.30_ . _____ .. . ____.___ .| 28°38’N. 111°47'W. 15.9 3.97 1.13 2.60 7.4 8.9 10. 2
5011-157.20_ . . | 22°13'N. 110°00°W . .0 4.08 1.04 2.30 7.2 9.0 10.3
5011~SP oo oo | 24°18'N. 112°30°'W, 16.0 4.18 1.10 2.64 7.4 8.8 10.3
Shellback 88 . __ ______.______ .| 04°12'8. 96°07'W, 16.0 4.05 L11 2.50 7.5 9.0 10.3
5011-183.80._ .. ... .| 21°47’N. 112°14°W, 16.2 4.056 1.18 2.54 7.5 9.1 10.2
8011-150.25 ______ .. ... .| 28°12'N. 115°%40'W, 18.3 4.25 1.28 2.56 7.7 9.4 10.4
5011-187.40. ..o .| 25°0°N. 113°23'W. 16.3 4.20 1.23 255 7.7 9.2 10. 4
5011-157.20____ ___ ... o|  22°13'N. 110°00°' W, 18.4 4.20 1.07 2.60 7.7 9.4 10.6
5010-70.130. . ______._.. ficcaaaan .| 88°33'N. 127°16'W. 16. 4 4. 41 121 2.64 8.0 9.4 10.8
4910-124. 83 __ ... .| 25°51’N. 1179837\, 16.8 4.40 1.43 3.10 8.0 9.2 10.6
SO11-8p . e .| 24°18'N. 112°30°'W, 16.8 4,25 1,15 2. 50 7.7 9.2 10. 8
5501-117.35. ... 23939'N, 115°17°W, 16.8 4.38 121 2,54 8.0 9.4 10.9
Shellhack 13 ... 18°0A°N, 124°14'W, 17.0 4.35 1.35 2.70 8.0 9.5 1.0
4010-82.87 .. es | 32°57'N. 122°%47'W, 17.0 4.35 L10 2.36 &0 9.5 10.8
Shellback 83_ ... - 0°53'N. 97°12'W ., 17.0 4,35 1.29 2.70 7.8 95 10.9
5401-130.35. . .. 26°19’N. 113°48'W. 17.2 4. 45 1.31 2.55 8.0 9.6 1.1
4010-102.84 ___ . ____. . .. 20°35'N. 120°08°W . 17.2 4.45 1,22 2.90 8.0 9.5 1.1
S5009-70.235_ _ . ___ ... 30°02'N. 134°23'W, 17.2 423 1.03 2.51 8.2 9.8 11.1
5002-110.80. - ool 28°16'N. 118°58'W. 17.4 4.75 1.20 2,69 8.1 9.8 1.0
5401-130.35.. e 26°19'N. 113%48°W, 17.7 4.90 1. 46 2.95 8.4 9.8 1.2
5401-137.40 ... 21°40°N., 119°41'W 17.7 4. 60 1. 44 2.90 8.3 9.9 1.5
Shellback trawl 11________ . _______.__.___ °09’N. 84°58'W, 17.8 405 | ... 3.10 8.4 10.0 11.3
8109-110.60_ . . icciaoan °56'N. 117°39’W, 17.9 4. 45 1.33 | . 2.80 8.2 9.9 11.2
4011-92.137 oo 29°34'N. 124°52'W, 1.9 | oo 1.08 2,44 8.4 10.1 11.5
Shellbaek 13 ... ... °08"N . 124°14° W, 18.0 4,75 1.3% 3.00 8.4 10.0 1L &
5401-130.35_ . . 26°19'N. 113°48°W, 18 2 4. 80 1. 46 3.00 83 10. 1 1.6
5401-110.50 . - e 20°14’N. 117°01'W. 18.3 4.90 .91 3.05 8.7 10.0 11.8
S106-183.20_ ... .o °48'N. 110°22'W | 18.3 4. 90 1.36 3.00 86 10.0 1.8
5401-130.35. .. 26°19'N. 113°48°W. 18.7 5.05 1. 55 2.95 87 10. 4 1.8
123°37'W. 19.3 5. 05 L. 46 3.05 8.9 10.8 12.1

115°30°W, 19.5 5. 10 1.49 3.15 9.1 10.9 12.5

121944'W. 20.2 5.25 1.66 3. 50 o5 1.0 12.8
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ApPENDIX TABLE 5.—Measurements (in mm.) of juvenile and adult specimens of Vinciguerria lueetia from the easlern Pacific

Station North West Standard Head Eye Depthat | Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

50T-187.50 . _ oo e 24°41’ 114°02° 19.2 515 1.70 3.20 8.8 10.5 12.0
5011-143.60___ 23°10° 113°56 19.5 5,00 1.60 3.65 95 10.8 12.8
Shellback 63 12020/ 102°38’ 20.0 5.10 2.15 4.00 9.5 11.8 13.0
5401-130.35. . 26°19' 113°48’ 20.0 815 1. 56 3.05 9.2 10.8 12,5
5103-157.10_ 22033/ 109°28° 20.2 5. 50 1.75 3.8 9.8 11.5 13.6
50 .160_ 29°07' 126°30° 20.2 5.25 . 1.80 3.75 9.0 10.8 12.2
5203-137.50 24940’ 114°02° 21.2 5,70 1.65 4.10 10.2 12.0 14.2
5112-110.50 20°17/ 117°02' 22.0 5.90 1.85 3.85 10.4 1.9 13.9
5401-140.50_ 24°08 113°41' 22,0 5,90 2,00 3.9 10.2 1.5 13.5
5009-90.160. 29°07" 126°30° 22,1 5.65 1.90 4. 55 10.2 12.1 14.0
5011-133.70. 24°35' 115°40° 22,2 5.80 1.95 3.75 10.5 12.0 14.0
5201-110.80- 28718’ 118°54 23.0 H.35 2.10 4,25 11.2 12.8 15.0
5110-127.50. 26°24/ 115°08’ 23.5 6.25 2.00 4,10 1.0 |- 13.1 15.0
5§103-120.45_ 27°41 115°33' 2.5 6. 20 2,00 4.15 11.2 13.1 15.0
5003-120.60_ 27°14° 116°32° 24.3 6. 60 2. 50 5. 00 11.8 13.5 16.5
5009-90.160_ 20°07' 126°30" 24.4 6. 50 2.20 4.80 1.9 13.8 1.0
4911-112.88_ 27°48/ 119°14’ 24.5 6. 50 2.30 4.75 11.5 14.0 15.8
X 28°564/ 117°40 24.5 6. 50 2.15 4.35 1.5 13.8 ° 16.0
27°48' 119°14/ 25,2 6. 50 2.35 4.9 119 14. 4 16.2
27701 115°32 26.0 6. 50 2.45 5.25 12.5 14.6 17.0
30°26" 124°01° 26.0 7.00 2,30 4. 50 12.0 14.2 16.0
27°48' 119°14’ 26.6 6.95 2.40 5.15 12.8 15.0 17.2
27°34' 115952 28.0 7.50 2.50 5. 10 13.2 15.2 17.8
28947 117°21’ 28.2 7.75 2.65 4.90 13.8 15.8 17.8
28°01° 119°36’ 28.5 8.0n 2.70 5. 50 14.0 15. 8 1R 5
26°30° 113°52' 29.1 8.35 2.9 5. 60 14.0 17.5 19.5
29°15° 116°59° 30.5 8.50 2.95 5.40 15.1 17.5 2.0
28°31" 121952/ 310 8. 50 2.60 5.50 15.0 17.5 20.2
27°49’ 116°51° 31.0 8.40 2.85 5. 90 14.8 17.8 21.0
26°15' 118°28/ 32.5 9. 00 3.05 6. 00 15. 4 17.8 20.5
24°1% 112930’ 33.0 9.00 2.75 5.75 15.5 18.5 21.0
27°36’ 119°52' 33.5 9.25 3.10 6.00 16.2 18.5 21.5
28°56” 117°3¢ 34.0 9.00 3.056 6.15 16.3 18.5 21.8
28°01’ 119°36 34.0 9, 50 3.05 6. 35 16.2 19.0 21.8
319257 121°59" 36.0 10. 00 3.20 6. 40 18.0 20.5 23.6
27°20’ 116°83' 36.5 10. 00 3.10 6.40 18.0 20.0 2.6
27°21 119°52' 37.6 10.15 3.38 7.00 18.8 21.0 24,8
30°21’ 119°32' 30.5 10. 50 3.45 6. 70 19.2 2.1 26.0
29°15 118°20’ 4].2 11.00 3.55 7.50 20.0 23.5 28.0
29°15 118°20° 420 11. 50 3.7 8.00 20.0 24.0 20.0
29°15 118°20° 42.8 | 12.00 3.70 8.00 22,0 24.0 29.0
29°15 118°20° 43.0 11.40 3.50 R.00 21,8 24.3 29.0
29°185’ 118°2(/ 43.0 11.75 4.05 8.25 22.0 25.0 29.5
29°15' 118020 43.0 11. 60 3.85 8.00 22.0 2.2 2.5
. 29°15 118°207 45.0 12.05 3.90 825 2.5 25.8 31.0
5205-110.90_ 28°01" 119°36’ 45. 5 12.20 3.90 7.90 2.5 25.5 29.8
SIO-51-9) et 25052/ 114°40° 47.2 13.00 3.65 7.50 23.2 27.7 32.0
S10-54-214 20°15 118°20 49.R 12.85 3.76 9.00 24.8 28.5 33.3
[0 (0 23 B ) D 25°52 114°40° 51.5 13. 35 3.60 8.90 25.3 30.2 35.0
S10-54-214 29°15/ 118°20" 52.2 13.00 3.90 9.30 26.0 2.9 35.6
SIO-54-214. e 20°1% 118°20’ 56.0 14.00 4.10 10. 10 28.0 32.5 38.2




