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ABSTRACT

Yincilluerria iutdia, family Gonostomatidae, is one of the most abundant pelagic
fishes in the eastern North Pacific between the Eqliator and about 35° N. latitude.
It. is an important, forage fish.

Development is described from t,he embryonic to the adult stage. The spherical
pelagic eggs are 'moderately small (0.59-0.74 mm.), lack an oil globnle, have a seg­
mented yolk and a double shell membrane. The larvae resemble those of the Pacific
sardine. The marked metamorphosis has been divided into three stages: promet,a­
morphic, midmetamorphic, and postmetamorphic. Ossification of the vertebral
column occurs immediately before metamorphosis. The caudal, dors:tl, and anal
fins form during t,he larval period, but procurrent calldal-ray formation is not com­
pleted until metamorphosis. Rays do not form in either t,he pectoral or ventral fins
unti! metamorphosis.

Phot,ophores develop dUring metamorphosis, at first as white photophores (pro­
metamorphic stage), then as pigmented functiomtl organs. Six or seven pairs of
photophores form late, during t.he midmetamorphic and postmetamorphic stages.
Photophore formation is completed and all phot,ophores are pigmented by the end of
metamorphosis.

Development is traced from larva to adult for changes in body form, in pigment,a­
tion, in sequence of format.ion of teet.h, gill rakers, and ot.her st,ruct.ures.

Distribution of t,he larvae of l"inciyuel'l'ia iucetia within the nrea surveyed by cruises
of the California Cooperative Oceanic FishNies Investigations is shown for 2 years,
H151 ltlld 1952. Larvae increase in abundance from southern California to southern
Baja California; they are taken throughout thl:' year. The wider dist.ribut.ion jn t,he
east,em Pacific, betwee"n 14° S. latitude and 35° N. latitude is illustrated, and vali­
atioH in photophore number with latitude is pointed up. The range ill" mean number
of phot,ophores per side in different localities was from 78.50 to 83.40.

Two other spl:'cies of Finciguerria occur in t.he eastern Pacific: F./l"imbaria and
1". pUll'eriat'. Both occur on t,he fringes of the area routinely surveyed on CCOFI
cruises. Characters used to separate the three species at differl:'nt. st.ages of develop­
ment, are given.
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DEVELOPNENT AND DISTRIBUTION OF VINCIGUERRIA LUCETIA
AND RELATED SPECIES IN THE EASTERN fACIFIC

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 Cnli­
fornia Cooperntive Oceanic Fisheries Investiga­
tions (CCOFI), the larvae of three species of
fishes commonly occur that might be confused
with larvae of 8a:i'dinop.~ ca.e1'u.lea, the Pacific sar­
dine; these nre the larvne of Ybwiguerria. ltt­
eetia, Eng1'milis m,oI'da{l). and Lew'oglossus stll­
bitts. All three are at least as abundant as sardine
larvae, and they often occur together in collec­
tions. The larvae of the foUl' 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 speeies. This papel'
is concerned largely with the development and
distribution of Vi'fuJigttel'l'ia. lU,(Jetia..

F i-ncigtte1'1·i«(. lucetia, family Gonostomatidae,
is one of the most abundant pelagic fishes in the
eastern North Pac.ific Ocean; however, it is un­
likely that it will ever become a commercially im­
porta.nt species. It attains too small a size (2 to
2% inches) to be esteemed for human food in
A\.merica. 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 V incigu.erl'ia, in­
cluding the material used by Hildebrand (1946)
in desc.ribing Jr. pacifici (which we consider to be
a synonym of 17. lueet-ia.), and our record from
off the Columbia-Ecuador border, were obtained
from stomach contents of tuna.

V. lttcetla has a very extensive distribution. 'We
have examined material from the eastern Pacific
from 35° N. latitude to about 14° S. latitude. It
has been reported from many other regions.

NOTE.-Appro\·e<1 for publication. August 2. 105i. FM,ery
Bulletin 1:19.

Although V. luoetia. is the only species of this
ge.nus oeeurring eomll1only in the area routinely
surveyed on cruises of CCOFI, two other species
occur on tIl(>' fringes of the aren,:. r. nim.ba:/'ia and
V. lJO'loeriae. The latter species has not been re­
ported previously fo~' the eastern Pacific. Char­
acters used to separat.e the species and records of .
their occurrence are given in a later section.

"Ve are not attempt.ing a crit.ical review of the
species of 17inoigueTl'ia, as we have seen no ma­
terial from regions other than the eastern Pacifie.
This paper will deal princ.ipally with V. Z,ltoetia.,
but for eompleteness some attention will be given
to t.he two other species, Y. nimbaria and V. pmo­
eria.e.

The la~vae of V. lIwet-ia may not have been de­
scribed previously. Regan (1916: pI. 5, figs. 6, 7)
figured a larva and a metamorphosing individual
t.hat he called Vinciguerl'ia lueetia. Since these
figures show no distinguishing characters, it is
impossible to identify the species represented.
The larvae of IT. attc'/l.t(.((.to, and Y. powC1'iae were.
described by Sanzo (1913, 1931). Jespersen and
Taning (1919, 1926) deseribed larvne of V. '1l:i-Jn­
baria (sa'nzoi) and gave excellent descriptions of
17. atte·n.uo.ta and V. po'weriae 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
lect.ed on cruises of the California Cooperative
OeeRnic Fisheries Investigations, a program spon­
sored by the Marine Research Committee of t]le
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, t.he Hopkins Ma.rine Station of Stanford
Univerfiity, and t.he South Pacific Fishery Investi­
gations of the United St.ates Fish and Wildlife
Service.

363



364 FISHERY BULLETIN OF THE FISH AND WILDLIFE SI<:RVICE

Dr. Carl L. Hubbs generously placed at our
disposal t.he extensive collections made on expedi­
t.ions by vessels of the Scripps Inst.itution of
Oceanography, and offered useful suggestioilS
throughout the progress of t.he work. The illus­
trations of eggs, larvae, and ot.her stages of Vin­
ciy'Ue1'1-i.a were prepared by George Mattson, and
t.he chart.s and graphs by Andrew M. Vrooman
and James R. Thrailkill. Several hundred per­
sons have aided in the collect.ion of material at sea.

Vinciguerrio lucetia (Garman)

Malll"oliclIS luccHII8 Garman. 1899. Mem. Mus. Compar.
Zoo!. (Harvard). yolo 24, p. 242, pI. J, fig. 2 (original
description) .

rincinllerl"ia lllrcHa· Brauer, 1906. Deutsche Tiefsee­
Exped., vol. 15 (1), pp. 97-98, fig. 40 (material with
symphyseal photuphores referred to r. lllcetia; probably
mixture of lllcetia and nim.ba·ria). Jespersen and Tan­
ing, 1926. Rept. Danish Ocean. Expe<l. 1908-1910, vol. 2
(Biology), A 12, pp~ 26-29 (colliparisons of adult char­
acters of Y. lllcctia with 3 other species). Purl', 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
Aca<l. Sci. (4th series). vol. 21, pp. 227-229 (fairly de­
tailed description of lllrcHa 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 t.o Yincigll.erri.a
lucet-ia.. Several errors or omissions occur in the
original description of lucetia. Branchiostegals
are invaria.bly 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. Itt.cetia.. He was dealing with meta­
morphosing material (12 mm.-17.6 mm. long) in
which the lateral series of photophores between
ventral and anal fins was incomplete. His ma­
terial probably was a mixture of Iucetia. and '1/;i-In­
"haria. The record of Zugmayer (1911: 56, pI. II,
fig. 4) is inaccurate; his description and figure a-p­
parently refer to Y. atte'll'Ua.ta.. Unfortunat.ely,
this figure was copied as an illustration of Y. Itt.­
cetia by Weber and de Beaufort (1913: 119-120,
fig. 44). The record of Gilbert (1908: ~37) for the

Marquesas Islands (Albatross station 3798) was
checked by Horsburgh (1935: 229). A compari­
son of numerable characters of F. lucetia as given
by various workers is summarized in ta.ble 1.
Horsburgh (1935) gave modal and range values
of morphometric characters for 22 adults and 8
juveniles. He did not include mea.surements of
individual specimens, so we have not. been able to
compare his morphometric data with ours. 'Ve 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 pa-ir a.bsent. in adults, and consider its
presence, or absence to be din-gnost.ic in· separat.ing
lucetia and nim.ba:ria from attenuata and powe1'iae.

TABLE I.-Numerable characters oj Vinciguerria lucetia
as reported by various workers

Oar- Brauer JesperSl'n Hors- Our ma-
Charact~r man (1906) and TAnlng hur~h terial

(1899) (1926) (1935)
------

Fins:DorsaL _____________ 14 13-14 13-14 14-15 13-16AnaL _______________ 15 14-15 14-16 14-16 13-17PectoraL ___________ 9 8-9 9-10 10 10Ventm\. ____________ 7 7 7 7 7
Caudal:PrincipaL ________ -------- -------- 19 -_._---- 19Secondar)'_________ -------- -------- 7-9+4-5 -------- 7-10+4--5

Olll rakers. ___________ -------- -------- 9-10+19-20 27-35 8-10+18-23
Branchlost~gals_______ 9 11 -------------- -_. _. --- 12
Photophores; 1

Head:OrbltaL__________ 2 2 2 2 2Opercular_________ 2 3 3 3 3
Symph)'st'aL _____ 1 1 1 1 1
BranchiostegaL ___ S 8 8 8 SIsthmian__________ 7 7 7 7 7

Ventral:IV________________ 14 14-16 14-15 14-16 13-16VA ________________ 10 8-10 11-i0 9-10 8-12
Lat..ral:OV________________ 11 11-13 11-12 11-12 10-13VA ________________ 11 S-9 10-11 10-11 9-12
Anal-caudaL ________ 14 12-13 13-14 12-16 12-16

I Photophore groups are discussed later in this paper (sc? p. 386). Different
workers have used diff~rent methods of grouping photophores: we hav~ put
the counts of the several workers on a comparable basis.

DEVELOPMENT OF

VINCIGUERRIA LUCETIA

EGGS

The egg of F incigtt.erl'ia I1wetia 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 t.hin, inner membrane lies close to
the thicker, outer membra.ne and is irregular in
outline; neither membrane is sculpt.ured.

Segmentation of the yolk is quite va-ria-ble, and
this is especially noticeable in early-stage eggs.
The yolk in some eggs is nearly homogeneous; in



0.7

z

en
0::
IJJ
t­
IJJ
:!:
<t 0.6
c

DEVELOPMENT AND DISTRIBUTION OF r. LUCETIA

•

•

365

17 19 21
TEMPERATURE IN °C.

FIGURE I.-Regression of egg size on temperature in degrees CentigradE.'. at 10 DlE.'ters. The linE.' is fitted by the method
of least squares. The statistics for the linE.' are as follows: 7=20.08; ii=O.67: b=-O.0071; a·=0.816: 8/1·£=0.0155.

ot.hers, partly segmented; in still others, com~

pletely segmented. The individual segments are
globular, usually variable in size, and relnt.ively
few. Occasionally, eggs contain numerous small
globules of yolk. The perivitelline space is rather
narrow.

Eggs ,,~ere measured from 42 localit.ies bet.ween
32° N.latitude and 100 S.latitude (table 2).. The
range in diamet.ers of eggs, measur~d at. the out.er
shell membrane, \vas from 0.58 t.o 0.74 millimeters.
The range in mean diameters of eggs in different.
localit.ies was from 0.603 to 0.718 millimeters.
There is II dine in egg size wit.h latitude. The re­
htt.ion is probably one of temperature. A plot of
egg size against temperature (0 C.) is shown in
figure 1. The 10-meter temperature is considered
represent.ative of t.he temperature in the upper

mixed layer. The larger eggs are taken at the
lower temperl\t.ures.

The egg of this species has not been described
previously, but the eggs of two Mediterranean
species, Y. atten·ltata and l"'. pOtt'eriae, were de­
scribed by Sanzo (1931). The eggs oft-hese species
differ from those of V. lurdia. in at least two im­
portant respects: they have an oil globule and are
larger.

The development of r inc-ig1tel'J'ia lueetia eggs
may be divide.d into the following stages:

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

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

3. Late, from the time that the tail curves out of
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]j'IGURE 2.-Developmeut of the egg of Vin-eiguerrir/ lllcetia: «, early stage. at development of blastodermal cap;
b, early stage. immediately preceding blastopore closur€'; C, middle stag€'. with s€,parating tail in sam€' plan€' as
embryo; d, lat€' stag€'. just before hatching. lat€'ral vi€'w; e, lat€' stage. dorRal view.

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

Early-stage eggs

The vitelline membrane must be quite delicate,
for it had been broken in most ear!y-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
hIred in eggs of hake (Ahlstrom n.nd Counts, 1955:
296) and jnck mackerel (Ahlstrom and Ball, 1954:
210). The characters that aid in distinguishing
early-stage eggs are (1) size, O.58-Q.74 millimeters,
smaller than most pelagic fish eggsj (2) double­
shell membrane, although the inner membrane
may easily be overlooked j (3) lack of an oil
globule; and (4) i1'l'egularly segmented yolk.

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

Middle-stage eggs

The conspicuous changes in development that
occur during this stage include (1) eye formation;
(2) division of body into myomeresj 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 ttbout 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 pigJ;l1ent
spots on either side of the notochord, but it is
rather unusual for the row to be placed as far lat­
erally as in T'inclgu,erl'ia l!wetia embryos. This
character is a definite aid in identifying eggs of
this spedes.

Late-stage eggs

It is always easier to identify eggs in the htte
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
t.estine extends approximately 0.7 of the body
length. The yolk is pulled back into a wedge along
the intestine-a featJIre observed commonly in
late-stage eggs of stomiatid fishes, as well.
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TABI,E 2.-Diameters of eggs of Vincigl.lerria lucet.ia from 4! localities in the eas/em Pacific
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--------------------- ----------- _._---------
5205-93.70 31°27.9' N _
5205-90.90_ _____ __ __ __ ____ 31°2S' N _
5408-100.60 .. __ __ 30°40.5' N _
5205-97.80______ ______ ___ _ 30°36.9' N _
5308-100.80__ ______ _ 30°01' N _
Norpac 96 29°41' N _
5205-103.80_ ________________ __ 29°26' N _
520ll-107.65_ ___ ______ ___ __ 29°23.5' N _
5206-110.55_ ___ ___ ____ 29°05.2' N _
5408--113.40_ ___ __ _ __ ___ 29°02' N _

~.,g~rg7~:_-~~~:::::::::::: ::~ ~:~:rN:~:::::::::::::::
5206-110.80_ _____ _ ____ __ 28°15' N _
520ll-113.70__ ____ __ ___ _ 280 02' N __
Norpac 111._____ __ __ __ __ __ ___ 27°56' N __
5308-120.50_ ___ __ 27°32.5' N __
520&-117.70_ ___ __ __ 270 24' N _
Norpac 118 27°13.5' N _
540l-1~7.40______ _ ___ ____ 260 4-1..5' N _
5308-120.80_ _____ __ ______ __ 26°31' N _
5308--130,45 • 25°59' N _
Norpac 120 25°52.5' N _
5308-130.50_ __ __ ___ 250 49' N _
5308-130.60_ __ 250 29.5' N _
Norpac 134 25°09' N _
Norpac 121. .. 25<02' N _
5401-140.40_ _____ ____ ___ 240 27' N _
5401-150.40_ _______ ____ ____ ___ 220 43' N _
Shellback 8.. 22'37' N _
Norpac 139 21 0 53' N _
Shellback 9_ __ 21°43' N _
Norpac 162 200 22' N _
Norpac 148 . 190 59.5' N _
Shellback 67___ _____ __ 150 46' N _
Shellback 65 14°00' N _
Shellback 64 130 11' N _
Shellback 77 6°50' N _
Shellback 53 30 57' N __
Shellback 47------------------\10 00' fl. _
Shellback 15 20 19' S _
Shellhack 87__________________ 30 03.5' S •
Shellback 95 ._. 9°30' S __

1200 17.8' W _____ __ V-I5-52 _
1210 59' W __ __ V-1O-52 _
118°47' W VIII-31-54 , _
120°29' W .__ __ V-I5-52 _
1200 07' W ____ ____ _ VIII-17-53 _
1200 43.5' W .____ IX-lll-55 _
1190 42' W • V-22-52 _
1180 25' W .___ _ VI-20-52 _
117e I8' W • VI-19--52 _
115°58.5' W _ __ ____ VIII-28--54 _
117°38' W __ ______ IX-2O-55 _
1190 20.5' W • __ __ V-25-52 • _
1180 58' W ._ VI-19--52 _
1170 55' W __ ______ VI-17-52 _
1190 35' W . IX-18-55 _
1150 52.5' W VIII-12-53 _
1170 38' W VI-17-52 _. __
1160 30.5' W .____ VIII-l1-55 _
1140 25' W ._ ___ 1-16-54 _
117e 45' W .____ VIII-13-53 _
114°27' W .____ VIII-1O-53 _
1190 06' W • VIII-12-55 _
114°44.5' W .. __ __ VIII-IO-53 _
115°21' W ._ __ _ VIII-Io-53 _
1160 02' W .__ __ VIII-11-55 _
1200 45' W __ ___ VIII-I2-55 _
112"59' W ____ __ ___ 1-3-54 . _
111°58' W • . 1-11-54 _
123°25' W • V-21-52 __
1270 38' W __ __ ___ VIII-I6-55 _
123°58' W _. ~ . __ . V-22-52. _
116°19.5' W .____ IX-13-55 _
1240 06' W .___ _ IX-I0-55 _
1000 35' W ____ __ __ __ ___ VI-14-52 _
101°34' W .____ VI-I3--52 . _
102°07' W .__ __ VI-13-52 . _
98°07' W .____ VI-21-52 __
108°08' W .____ VI-9--52 "_
111°24' W __ • • VI-6-52 _
116°50' W ._ ___ VI-2-52 _

~~\~J ~:::::: :~~~~~ :::::1 n::i;'~:: :::~:: :::~::::::

Station Latitude Longitude Date

Egg diameter Temper·
Number (mill.) ature
of eg~s ---_.._------ (0 C.) at

measured 10 meters
Mean Range

---------------
6 0.706 0. 70-0. 72 15. 5

19 .718 .68- .74 15.6
50 .703 .66-.74 18. -I.
50 . i02 .68- .7·1 16.3
50 .700 .66-.74 17.4
17 .675 .65-.71 IS. 5
50 .707 .68- .74 16.5
50 .698 .66-.7-1. 16.5
50 .705 .66- .7-1. 16.4
7 .685 .66-.70 20.3

29 .679 .65-.70 20.6
18 .697 .65- .74 16.8
50 .709 .66- .74 17.6
50 .705 .66- .74 17.9
25 .683 .66- .71 19.6
50 .659 .61- .68 19.7
50 .662 .61- .70 17.3
9 .668 .64- .69 19.4

50 .657 .63- .68 17.8
50 .665 .63-.70 20.1
50 .663 .63-.70 20.8
17 .691 .66-.73 20.8
50 .662 .63- .68 20.5
50 .656 .61- .68 20.7
50 .686 .65- .72 21.3
50 .683 .64-.73 20.6
50 .663 .63-.68 20.3
50 .653 .63-.68 20.5
50 .679 .65- .70 19.9
14 .687 .67- .70 20.6
50 .688 .65- .71 20.9

150 .648 .61- .68 24.9
25 .675 .61- .70 22.6
12 .611 .59-- .62 28.1
6 .616 .60-.65 28.3
7 .603 .58-.63 28.4
4 .638 .60- .68 27.9

50 .639 .60- .66 27.8
6 .629

.ro-.65 1
22.7

3 .615 .60- .64 25. 5
11 .621 .60- .66 23.3
28 .646 .61- .67 23.9

Dashes of pigment. in t.wo 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 t.he tip of the notochord, and there are
some discrete spots on the ventra.lmargin posterior
to the anus. In the caudal area, some pigment may
ext.end into the fin-fold in 2 or 3 streaks.

By the time the embryo is ready to hatch, the
t.ail 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 elm be characterized as (1)
larval, from hatching to photophore formation;
(2) prometmnorphic, the whit.e photophore st.age;
(3) midmetltmorphic, the stage of rapid change
in body proportions, including n. ma.rked 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

:t.b854b 0 - 59 -:!.

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
Yilldg·llel'J";'a.

The various stages of development of Vinc-igu.er­
1'ia l'Uceti.a. were aVlli-lable from newly hatched
larvae through mature adults. W'e 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 struct.ures of fins; scales; and·

4. Photophore development.

Changes in body form from larva to adult

In ltddition to standard lengt.h, measurements
were made of six body parts: length of .head,
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depth at pectoral, width of eye, distanee from
l'Inout to anus, dist.anee from snout to origin of
dorsa.} fin, and dist.ance from snout. to insert.ion of
ventral fins.

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

Number
Stage of spec!· SIze range IllustratIons

mens (mm.)
measured

LarvaL ________________ . ___ .' ___ 100 2:2-18.2 FIgure 3. a to d.
Prometamorphic. __________ •__ .. 22 13.2--19.2 Figure 8.
Midmetamorphlc___________ • __ : 49 13. f>-19. 2
Postmetamorphlc __________ .. ___ 46 13.2-20.2 Figure 9.
Juvenile and adu1t _________ ... __ 51 19.2--56.0 Figures 12 an(\ 13.

We had the opportunity to stuely changes in
body form during all st.ages of development., and
we found it desirable to treat each stage separate­
ly. At least as regards this spedes, w~ cannot
agree t.o the st.atement. of Parr (1956: 392) that
"One of the primary purposes and n~eds of ta~­

onomy is to develop expressions that des~ribe a
species or other syst.ematic unit as a whole." Thjs
is neither poss~ble nor desirable in a. spedes SllCh
as Y, lucetia, t.hat hits !t marked 'metamorpho~is

for, ~s will be f3hqwn, marked chf!.nges oCGur in
body proport.ions during metamorphosis at a tim.e
when there is little or no c1;lam~e in st!tpd!tr<l

length; when, in fact, an actual shrinkage has
been post.ulated (Sanzo 1913, 1931). Any func­
tion t.hat could express in one equation growth
during the 'larval period, metamorphosis, and
later development of r". lucetia would be so com­
plex t.hat it would have little meaning.

We have plotted the actual measurements of a
body part on standard length for each stage of
developlnent. Nearly all of the plots of measure­
ments can be adequately fitted by a straight line
using the method of least squares (lI=a+bw) ,
without further transforming the values. Such
regressions have the advantages of simplicity in
det~rmining 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 ar~ presented in figures, and the statis­
tics describing the series of regressions are given
in t(l.ble 3. All measurements are of preserved ma­
terial. One of the sourees of variation in our
measureJ;Il.ents results from differences in "r~lax­

ation" of specimenf3 at time of preservation. An­
other eO\1l'ce is the preservatjve used, as specimens
it, al~ohol preserve somewhat differently from
those in formll,ldehyd~.

TABLE 3.-Statistics desc'ribing regre88ion8 Of fjod'U m.e08Iwe-me-nts OI! ~ta1ulard It'·tI(lth for VJnci~uer.rla lucE,'tla

Body proportion . Standard I.... f ~ n b q
1erigih

au··r

Head length:

~i~:;iti!r~i~~ ~ ~ ~:::~~:~:::~ ~mmm~ ~ ~m~ ~m~ ~ ~~~~:: ~: ~: ~:: ~ ~::: ~: ~ ~
Body ~tdeiiVj pectoral: . .Larval.. . _

,fu~~~F~-~::~~;:::??::::-:-:~--~-:-::--~-::~:-~~:~~::_::::::"--

~{~M~!i~l~~~~:~~~~~~~~~~~~~~~~~~~~~;~~~~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~:
Snoli~ to veptra1: -' .,
L~rvaL . _

rJii~Eirf!rt~ ~: ~~ ~~ ~~ ~ ~ ~~~~~ ~ ~~ ~~~~ ~ ~~ ~ ~ ~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~: ~~ ~ ~~ ~~
Snout to'dorsa1: . . '.

~~f.~Efti~i~i~::m~~m~~~_~~~:;::_:_::~::_-L:::~;~~~mm~~~~~~~~:~-
Snout to anus: " . . . .

LarvaL . • ._

~7d::~':~f~~r~:::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::Postmetamorphlc ~ . .. __ . • _
Juvenile and adult : . • _

--_._-:----_.--------.----------_.~~---.-------.---.--.--.. --.-.----
Mm.

2.2--18,2 8.15 I. 73 100 0.214 0.012 0.1219
13. :r19. 2 16.82 3.53 22 .173 .605 .1604
13.5-19.2 16.58 3.6Q 50 .159 1.043 .1425
13.2--20.2 16.47 4.33 45 .261 .029 .1395
19. ~56. 0 ill. 91 8,63 51 .263 .140 .3193

2.2-18.2 8,22 .67 97 . OIlS -.137 .07'.r1
13.2--19.2 16.82 1.67 22 .082 . :192 .1736
13.5-19.2 16.58 2.00 50 .007 .397 .1768
13.2-20,2 16.50 2.61 46 .180 -.360 .1724
19. 2--56. 0 31. 91 5.81 51 .174 .240 .31119

2.2--18.2 8.50 .34 91 .039 .007 :0340
13.2--19. 2 16.82 .70 22 ,041 .001 .0566
13. f>-19. 2 16.58 .76 50 .0~2 .068 .0871
13.2--20. :j 16.95 I. 37 51 .116 -.687 .1317
19. 2c-56. Q ---;-;;--.--- ... - ---------- _. -". ---: -_.

2,2--18.2 13.78 6.97 11 .i69 .506 .1352
13. :}-19. 2 16.82 8.37 22 .469 .475 .2718
13. 5-19. ~ 16.68 7,91 50 .495 -.297 .1726
13. 2~20. 2 16.60 7.75 46 .445 .396 . 1'.r19
19,2-66: 0 31.91 15·90 51 .521 -1.132 .3725

2. 2-18. ~ 11.08 7.01 57 .565 .739 .1887
13.2,-19,2 16.82 10.30 22 .586 .436 .2095
13. 5~19. 2 16.58 9.76 50 .588 .007 .2240
13.2-:10.2 16.50 9.25 46 .504 .938 .1149
19. ~56.0 31. 91 17.98 51 .592 .912 .4307

2.2--18.2 8.15 6.00 100

ill I
.020 .2044

13.2--19.2 16.82 11:98 22 ,804 .2307
13, 5~19. 2 16.56 11.12 48 .697 -.424 .2071
13. ~2O. 2 16.50 ib.58 46 .607 .564 .1255
19.2--56.0 31. 91 20.97 51 .710 -1.668 .5464
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[.'IGURE 3.-Developll1ent of the larva of llinVigtlerria. lucctia·: (I. larva. 2.2 111111. long: b. larva. 6.0 111111. long; c. larva~.

1).0111111. long; d, larva. 13.1I11ni. 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
O. But this line has more validity than one that
would pass through the origin, for it wiII pass
throllgh 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.

LaJ'1.'ae.-The larvae (table 4, fig. 3) are thin
and threadlike at hatching. The head is moderate
in length and \vidth; 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 Y. nin~ba:ria and r. Jl011·eriae does not appear
to be curvilinear. Original measurements of lar­
vae and other stages of development of V. hwetia
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.

Jn very young larvae, the depth (at pectorals)
is 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
O.l-millimeter for each 1.0-millimeter increase in
length (fig. 5).

The eyes are approximately spheric-al in newly
hatched larvae and pigment forms almost immedi­
ately. In larvae about 3 millimeters long the eye
has become obl9ng and slightly stalked. II). meas­
Ul'ing the' oblong eye, the width was taken directly
across the narro~erdimension. The eyes increase
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FIGURE 4.-Regression of hpad lpngth on standard lpngth for Yillcigltel'l'ia 11/cetia larval'. Thp measurPlllents were made
on 100 specimens, shown in the figure as individual dots. The rpgression line is fitted to the data by thp method
of least squarps. (Refer to table II for statistics dpscribing the line).

in width approximately 0.04 millimet.er for each
1.0-millimeter increase in st.andard length (fig. 6).

The digest.ive tract underlies much of the body
(the dist.ance from snout to anus is over 7'0 percent
of the shtndn,rd length). The regressiol1 of the

distance of snout to anus on standard length ap­
pears to be slightly curvilinear; however, it is so
nearly straight that. for practieal purposes it can
be eonsidered to be a st.raight line. The regression
of the distance from snout to anus on standard

TABLE 4.-Al.erage CQunts and measurements of lart.ae of Vinciguerria lucetia

[D-dorsal; V-ventral; LP-Iarval pectoral)

Average body measurements (mm.) Meristic counts

v

Standard length
Number

of
Spec.imeus Stand­

ard
length

Heall Eye Depth Snout
length width at to

pectoral anus

Snout Snout
to to

dorsal ventral

Verte- Dorsal I Anal
hrae lin lin

Pecto- Vent­
raillns raillns

Caudal lin

Secondary
Prin- _
clpnl D

----------------------------------------------
2.ll-2.4 mm ___________ 6 2.4 0.4 0.12 0.17 1.6 -------- -------- ____ - __ M

-------~ -------- LP ~._. __ .-
-~------ ------ ------2.5-2.9 mm ___________ 4 2.6 .5 .12 .17 1.7 -------- -------- -_._---- -------- -------- LP .._----. -------- ------ ------3.ll-3.4 mm ___________ 3 3.0 .6 .14 .19 2.1 -------- -------- ----- -.- --._._-~

--~-----
LP ._~._.. ~

.4 ______ ------ ------3.5-3.9 mm ___________ 5 3.6 .. 7 .15 .22 2.6 -------- -------- -- - -- --- ------_. -------- LP -.. _. --- -------- ------ ------4.ll-4.4 mm ___________ 5 4. I

I

.8 .16 .26 3.0 -- --- --- ---- ---- - -. - ---~ -_.----- -------- LP .... _..-
~.-.---~ ------ ------4.5-4.9 mm ___________ 5 4.8 .9 .18 .36 3.5 --~.---- ---- -- --

___ 4 ____ . _._._-- --_._--- LP _._----- -------~ ------ ------5.0-5.4 mm ___________ 6 5.2 1.1 .21 .35 3.9 _.. -- --- -------- -------- -------- -------- LP --~._--- --_ ...-~ --- .. - - - ----5.5-5.9 mm ___________ 4 5.8 1.3 .22 .40 4.4 -------- -------- -------- -------- ----- .. - LP 5 --- --- ------6.ll-6.4 mm ___________ 3 6.2 1.4 .25 .47 4.8 -------- -------- -------- ------4- -----_.- LP 14 --_. -- - - ----6.5-6.9 mm ___________ 3 6.7 1.4 .27 .47 5.0 4.5 -------- -------- LP 19 --. - -- - -- ---7.0-7.4 mm ___________ 4 7.4 1.6 .28 .52 5.6 5.0 (0 ) 5 LP 19 . ----- - -----7.5-7.9 mm ___________ 4 7.6 1.6 .30 .55 5.7 5.0 (0) 6 LP 19 _. - -.- - -----8.O--S.4 mm ___________ 5 8.3 1.9 .33 .67 6.4 5.5 (0) 11 5 LP 19 1 18.5-8.9 mm ___________ 4 8.7 2.0 .33 .69 6.4 5.6 (0) 11 7 LP 19 I 1
9.ll-9.4 mm ____ - ______ 2 9.2 2.2 .38 .78 6.9 6.0 Co) 10 9 LP 19 1 1
9.5-9.9 mm _______ . ___ 3 9.6 2.0 .37 .79 7.2 6.2 (+ ) 12 11 LP 19 1 1
1O.ll-10.9 mm _________ 4 10.4 2.4 .40 .99 7.8 6.6 5.5 (0) 13 12 LP Bud 19 2 2
11.ll-11.9 mm _________ 11 11.5 2.5 .48 .94 8.9 7.2 (0) 13 12 LP Bud 19 2 2
12.ll-12.9 mOl _________ 3 12.4 2.7 .49 1.02 9.1 7.7 6.2 (0) 14 12 LP Bud 19 2 2
13.ll-13.9 mm _________ 6 13. 5 2.9 .55 1.21 9.8 8.3 6.9 32 15 15 LP Bud 19 4 3
14.ll-14.9 mm _________ 5 14.7 3.0 .61 1.38 10.7 9.1 7.4 36 15 16 LP Bud 19 5 4
15.ll-15.9 mm _________ 2 15.4 3.2

I
.58 1.40 11.2 9.2 7.7 38 15 15 LP Bud 19 6 4

16.0-16.9 mm _________ 1 16.2 3.4 .66 1.60 11.6 10.2 41 14 15 LP Bud 19 4 4
17.ll-17.9 mm _________ I 17.2 3.3 .130 1.60 12.5 10.4 41 15 15 LP Bud 19 5 4
18.ll-18.2 mill _________ 1 1 18.2 3.6 -.65 I 1.60 13.1 I 11.2 I 9.0 42 I 16 16 -LP Bud 19 I (\ 4

°Uroneurals associated with ur08tyle and hypurals are present.
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FIGURE 5.-Regression of body dl'pth on standard ll'ngth for l'inciguerria lucet:i.u larval', fittl'd by 1lIl'thbd III Il'1Ist
sqnarl'S (rl'fl'r to t.abll' 3 for statistics dl'scribing till' linl') .

1816146 8 10 12
STANDARD LENGTH IN MM.

42
01---=~......L_....1-_....r.-_.L..---J,_......L_""""_...I...-_.L..----L_"""'_"""'_...I...-_'--""""_-'-_"""'--'

o

. 1.4
::E
::E 1.2

~ 1.0

ffi 0.8
l­
w
::E 0.6
«
00.4

~0.2
w

FIGURE 6.-Regression of eye diaml'ter. on standard ll'ngth for Vincigue:rria llwetia larvae, fitted by method of least
squares (refer to t.able 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 eaeh
l.O-millimet.er inereas~ in length (fig. 7).

The measurements involving fins, such as the
dist.ance from snout to origin of dorsal or snout t.o
insertion of vent.rals, are available only for larger
larvae. The dorsal fin forms soon after the cau­
dal, and measurements of distance from s.nout to
dorsal are availn,ble for most larvae longer tha,}}
6.5 millimeters. The ventral fins form at the very
end. of the la rval .period; the preventral measure­
ment was available for only 11 larvae out of 100
studied. The snout.-dorsal distanee increases ap­
proximat.ely 0.58 millimeter for each l.O-milli­
met.er increase in length during the larval pe.riod.
The snout-ventral dist.ance increases approximate­
ly 0.47 millimet.er for each l.O-millimeter increase
in length.

Metamol'phosing indi'l'iduals.-Metamorphosis
may be characterized as the period during which
marked changes occur in body proportions and
body structures without any marked increase in
stanchtrd length. The length may not increase at
all, 01' it may even diminish.

The degree of ossification that takes plaee dur­
ing the larval period will have a marked bearing
on ehanges in standard length that. c.lUl oceur dur­
ing metamorphosis. If the vertebral eolumn, for
example, is eompletely formed before metamor­
phosis, the standard length eannot deel'ease to any
appreeiable extent.. In Y inci!l'uerrra, the vertebral
column ossifies immediately prior to metamor­
phosis. The individual centra are separat.ed from
each other by a narrow unossified spaee. Some
compression does occur at these points, but it
does not seem reasonable to us that as mueh shrink-
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FIGURE 7.-Regression on standard length of distance frl1lll snout to anus (open circles), of distance frolll snout to origin
of dorsal (+ l. lind of distance from snout to insertion of Yentrals (closed circles) for ritl-C.'igllerria lucet·ia larvae.
The lines are fitted by the method of least squares. (Refer to table 3 for statistics describing the three lines.)

Prometamorphlc 13.2 mm 17.2 mm.
Mldmetamorphic ... 13.5 mm . 17.4 mm.
Postmetamorphlc 13.2 mm .. 16.5 mm.

of metnmorphosis m the two regions were as
follows:

The extent of the changes in body proportion
that occur in each of the three stages of meta­
morphosis CRn 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.

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

As mentioned previously, metamorphosis of
Yinc-igu,erl'la. naturally falls into three stages (a
prometamorphosing individual in the white
photophore stRge 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
st.age, and in figure 11 for the postmetamorphic.

Specimens of r. l-ucetht metllmorphose at it
smaller size in the areit south of 25° N. latitude
than in the northern part of its range: The small­
est specimens examined of each of the three stages

Stage
Southern Baja Cali- Southern California

fornia (20°-25° N. and northern Raja
latitude) California 130°­

35° N. latitude)
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FIGURE 8.-Prometamorphosing specimen of Yinciglterria, l'ucetia 15.0 mm. long. collected near Cape San Lucas, Baja
California (station 157.10).

FIGURE 9.-Postmetamorphosing specimen of Yinciguerria lucetia, 16.0 mm. long. from off sout.hern Baja California
Istation 153.20).

'l'he following changes occur III the body pro­
portions studied:

Head length: R.elative length of the head in­
creases about gO percent between the larval sta.ge
and the postmetamorphic. Prometamorphosing
individuals a.re quite simila.r 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 eavity, aecompanied by a marked aug­
mentation of pigment in the peritoneal tissues.

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

Distance from snout to origin of dorsal fin : The
proportionate distance from snout to origin of
clorsal 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
clift'erence in this dimension between larval and
postmetamorphic stages than in the preceding di­
mension; the decrease during metamorphosis

TABLE 5.-At.erage body dimensions and proportions 01 developmental stages of Villciguerria lucetia at two selected lengths

[All values based on regression lines)

Average body mellllurements lin mm.) Body proportions as percentage of standard lengtb

Stage I
Head Eye I Depth Snout to ISnout to Snout to Head Eye Depthat Snout to Snout to Snout to
length width at pectoral ventral dorsal anllS length' width pectoral ventral dorsal anus

-------------------------
13.5mm.: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 72.44
Mldmetamorphic_______________ I 3.19 .1\3 1. 70 6.38 7.95 8.98 23.63 4.67 12.59 47.26 58.89 66.52
Postme~amorphic_. __________ . __ 3.55 .97 2.07 6.41 7.74 8.80 26.30 7.19 15.33 47.48 57.33 65.19

9.0mm.:Larva\.. ______________ . _________ 4.05 .75 1. 73 9.42 11.48 13.95 21.32 3.95 9.11 49.58 60.42 73.42
Prometamorphic________________

3.90 I .79
1. 851

9.39 11.57 13.43 20.53 4.16 9.74 49.42 60.89 70.68
Midml>tamorphic____________ . __ 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 46.63 55.32 63.63Juvenile __________________ •• ____ 5.14 1. 65 3.56 8.77 10.34 11. 81 27.05 8.68 18.74 46.16 54.42 62.16

I
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amounts to between 13 and 18 percent, depending
on size. Som~ 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 dIe anal fin in late-larval and
prometamor!)hosing individuals, but contracts
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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

13 14 15
STANDARD

16 17 18
LENGTH IN MM.

19

FIGURE lO.-Regressions on standard length of the distances from snout to anus (open circles). from snout to the origin
of dorsal fin (+), and from snout to insertion of l'entral fins (closed circles) of the prometamorphic st.age of
Fillciguol'l'ia. 1/wotiu. The lines are fitted by the method of lellst squares (see t.able 3).
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STANDARD LENGTH IN MM.

19 20

FIGURE n.-Regression on standard length of the distance from snout to anus (open circles), from snout to the origin
of dorsal fin (+). and from snout to insertion of ventral fins (closed circles) of the postmetamorphic stage of
Vinciguerria. "·ucetia. The lines are fitted by the method of least squares (see table 3).

almost identical. Although there is little increase
in lengt.h, there is no evidence of an actual de­
crease (shrinking) in total length during meta­
morphosis. A decrease in lengt.h of V. lJowe'f'iae
and V. attenuata during metamorphosis has been
claiined by Sanzo and by Jespersen and Taning.

Jwveniles and lUlults.-The rate of growth of
body parts appears to be the same during the
juvenile and aduIt sta,ges (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 dept.h), and
three decreased (distances from snout to vent.rals,
snout to dorsal base, aild snout to anus). The

468546 0 - 59 - l

growt.h 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
stanclard lengt.h. The depth of body also in­
creases ut a rate that is similar to that found
for postmetamorphosing individunls-O.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) luts emphasized the proportionately
smaller eye diameter in his description of Vind-
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FIGURE 12.-Early juvenile of Vincigllerria Zucetia, 19.5 mm. long, from. off Point Abreojos, Baja California
(station 130.35).

FIGURE 13.-Adult of Vinciguerria Zllcetia., 43.5 mm. long, from off Guadalupe Island.

guerl'ia pacijici, based on large adult specimens,
but this 'apparent difference from V. l'UCetia has
not held up.

The distance from snout to anus increases 0.11
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

La1"llal 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, a) 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 t.he 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
tI'ally 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 pec.tornJ
fin (postpectoral spot), one above the anus (anal
spot), and the other about midway between the
anus and the end of the notoc.hord (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-near base of pectoral fin; (2) post­
pectoral spot-approximately 1 millimeter behind
pectoral fin; (3) anal spot-pigment spot above

38

36

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 nun. 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 anyone individual, and only
a.bout 10 percent of the speeimens examlned had
more than five of the pigmented areas developed.
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FIGURE 14.-Regression8 on standard length of the distance from snout to anus (open circles), from snout to the origin
of dorsal fin (+), and from snout to insertion of ventral fins (closed circles), of juveniles and adults of Vinciguerria
lucetia. The lines are fitted by the method of least squm'es (see table 3).
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I NUOlb~r of discrete pigment spots abo\'~ anal·fln base.

TABLE 6.·-Location of pigment area in Vinr.igllerria lllcetia
larvae of more.than 4 millimeters standard length

IPigmentation
at has~ of

Standa,..} PrcJl~C' p~~. Anal Anal·fin Pre· Oandal caudal rays
I~ngth toral tora! base I caudal

Up~r ILower

The caudal pigment. spot, located just anterior
to the end of the notochord before caudal-fin for­
mation a·nd just anterior to the base of the caudal
fin after caudal formation, is perhaps the most
diagnostic pigmentation in Yincig-uerria larvae.

.The location of the caudal spot is of taxonomic
value in separating the species: in V. atte-nua·ta and

Y. pmveriae the caudal spot is on the lateral mid­
line, whereas in JT. lucetia and V. '11.i-mbaria the.
spot is close to the ventral margin.

Pigmentation eM.nges d1t1i11.g metamm'pho8i8.­
Pigmentation in the three st.ages of met:UTIor­
phosis is separat.ely discussed.

Promet.amorphic st.age: At the initiat.ion of
met.amorphosis, when photophores are in t.he white
or colorless stage, the pigmentation remains t.he
same as in larger larvae (fig. 8).

Midmetllmorphic stage: The principal augmen­
t.ation of pigment during t.he period of rapid
change in body proportion is in two areas, the
hend 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 t.he depth of the
body cavit,y and the simultaneous appearance of
considerable peritoneal pigment., particularly in
t.he dorsal wall and in t.he posterior portion of the
abdominal cavity. By the end of t.he 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.

Post.metamorphic stage: During this stage there
is a marked increase in body pigmentation, part,i­
cularly along the back from the head to the tail.
On postmetamorphosing individuals, various
sta.ges in the development of dorsal pigmentation
have been observed. The dorsal pigment appears
ju!:'!t behind the head (fig. 9) and then gradually
extends back. It usually is not developed along
the entire length of the back unt.il the very end of
this st.age. Simultaneously, there is an increase
in the pigmentation on the crown of the head, a
spread of pigment laterally on the nape, an aug­
ment.ation of the peritoneal pigment, induding a
lateral spreading, and an increase in the stippling
of pigme,nt between the ventral photophores (IV
and YA groups). The caudal pigment spot is
still observable during t.his stage and embedded

• pigment. a.ppears in this region. The line of pig­
ment at the base of the caudal ra,ys inten~ifies and
some pigment. extends distaUy a short distance be­
tween the rays.

JUlIJenile and adult lJigmentatio·n.-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

X
X
X
X
X
X
X
X
X

-··x-·· --------
XX -··X---
X
X
X
X
X
X
X
X
X
X
X

X

---x--· :::::::: ::::::::
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

4.30101. __ .......•..__ • •. • X
4.80101 __•..• .• . ... ._. X
5.30101._...••__ .• X X . . X
5.6 mOl.... ' .. __ .• .• X .. __ . __ • X
6.3 mOl,..• _. . X __ "_' 1 X
6.801111 __ • X X ._•.. _. . X
i.3mm __ • X ._ X 2 __ .,. _
i.8mm___ X X __ .. _. 1 X
8.3mm __ . X X __ . __ • 2 __ . ._
9.20101_.. X ._ ._. __ • 2 __ . _
9.i 0101_._ X • 2 .. ._.

10.6 mOl... X ._•. _._.. 2 ._. ..
11.50101_._ X . __ ._. __ • 3 ._. .

~B ~~::: ~ :::::: :::::: ~ ::::::::
15.3 mOl... X . __ ._. __ ._.. 3 __ ._ •• __
16.2 mOl.._ X .. . __ ._.. 5 •. __
li.3 mm._. X . .. __ .. _.. 4 . _

Three of the pigment. spots occurred only on larvae
smaller than 9.0 millimeters. These were the post­
pectoral, anal, and precal1dal 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 aU 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 ana.} fin usua-Uy was not
present unt.il after fin formation, however it was
found on all larvae of more than 7.5 millimet.ers 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 t.he fin was not
consistently present. unt.il larvae were more than
8.5 millimeters in lengt.h.· The pigment on t.he
caudal fin consisted of elongnted dashes rather t.han
~~ .
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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 110 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 Vinci­
gf~e.1'l'ia 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 st.ain in lnl'vae 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.

F e.J'febml de.·ve.lopment.-The uroneumls and
hypurals associated with the urostyle cl<welop con­
siderably earlier than the remainder of the vel'te­
brnl column. The uroneuJ'llls take stnin 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 (LeuroglossflS stilbh18, for example) but not
in most fishes.

The centra of veltebrae ossify before the neural
or haemal spines. Tlte fir~t 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 allY of the caudn.l
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
stnge, 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 40.3, approximately 1 vertebra
fewer.

Gill 1'ah~el's.-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 Vincigfum1.a than on fishes that attain a larger
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-_._-------------------

TABLE S.-Development of teeth -in larval Villciguerria
lucetia

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.

Mandibular

Outer Inner

Pre-
maxll- 1__----, _
lary

Number 1---,,----;-----­
of speci-

mens Maxil-
lary

Average number of teeth per side

Standard length

TABLE 7.-Nu.mber of vertebrae in 89 specimens of Villci­
guerria lucetia, by area of capture.

Number of specimens IAver-with- Total Aver- age

-------- num· age num-
Area ber num- her

of ber of
39 40 41 42 specl- of photo-

verte- verte- verte- verte- mens verte- phores
brae brae brae brae brae per

side
---------------- --------
3O°-35°N., 122°-134°W---- .-~. ~- 2 17 5 24 41.1 83.0
27.5°-30°N., 1111°-129°W--- - - .. -. 1 19 8 28 41.2 83.2
25°-27.5°N., 115°-117°W --- 2 2 41.0 81.3
2Oo-25°N., 124°W-- - •• ---- 3 2 5 41.4 83.1
2Oo-25°N., 111°-118°W-._- 3 6 10 1 20 40.4 80.6
lOo-15°N., l03°W --------- 1 8 1 ---.-- 10 40.0 80.1--------------A.1I speclmens_________ 4 17 52 16 89 40.9 82.2

The mandibular teeth form in two rows. Those
in the outer row form first; they are d.irected later­
ally along the anterior part of the lower jaw.
They can be observed in larvae of about 7 milli­
meters standard length and increa.se in number to
3 to 5 teeth (averaging 3.4) per side in 9-milli­
meter larvae. During the late larval per~od, 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 Rnd 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 3 inner teeth are
developed per side before metamorphosis. They
are short, wide-ba.sed, 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,
th('refore, a marked increase in the number of
teeth on the maxilla.ry, premaxillary, and mancli­
ble occurs, as well as changes in the shape and nr­
rangement of the teeth (refe.r to comments under
r. po'we1,j({.e, page 404, for a discussion of ehnnges
that occur in maxillary teeth during midmetll­
morphosis). The increase in number of teeth at

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 low.er 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 l~cetia.

Development 01 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-

4-4.9 mm _
5--5.9 mm _
6-6.9 mm _
7-7.9 mm • _
8-8.9 mm . _
9-9.9 mm _

10-10.9 mm _
11-11.9 mm _
12-12.9 mm_. _
13-13.9 mm • _
14-14.9 mm . _
15-15.9 mm _
17-17.9 mm _

3
7
8
6

10
9
5

15
7
6
1
2
1 I

1.3
2.5
4.1
5.3
7.6
7.7
9.4

10.2
11.1
11.5
11.0
13.0
12.5

o
o
o
o
o
o
o
o
o
1.9
3.0
2.5
4.0

o
o
o
0.8
2.8
3.4
4.-2
4.2
4.6
4.3
5.0
5.0
5.0

o
o
o
o
o
o
o
o
0.6
1.3
2.0
1.0
2.0
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T ABJ.E 9.-Number of teeth prllsent at various stages in
development of Vinciguerria lucetia

Number Number oC teeth per side
Stage oC speci-

mens
Premaxillary Maxillary Mandibular

---
Late larvaL_________ .. ____ 8 1- 4 11-13 5-7
Prometamorphic___________ 14 4-6 12-16 5-9
Postmetamorphic__________ 8 11-18 14-28 13-30Juvenile ___________________ 4 13-15 26-32 25-30Adult___ . _________ • _. ______ 5 12-17 50-65 3lH8

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 t.eet.h apparently do not increase
in number aftei' met.amorphosis. 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
point.ed, 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
postmet.amorphosing 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 t.eeth, directed forward
at an angle of about 45° and shaped somewhat like
a flattened S. An anterior group of straight teet.h
precede tlle 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 t.his
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 t.he series; one to t.hree of t.he teet.h in t.his
group are not hi line wit.h other maxillary teeth,
but. originate laterally on the maxillary rather
than on its lower surface. The number ll,nd

FIGURE 15.-.Jaws of specimen of l'illcigliOITil/ llicctin, 42 Illlll. in length, collected off Guadalupe Island.
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TABLE lO.-Comparison of maxillary teeth on selected
specimens of Vinciguerria lucetia, hy stage of development

Left Right LeU Rleht ----;:-e~-I--;;;;;t
side side side side side side

-------1-------------

Number of
straight teeth Number of Total number

In anterior oblique teeth of teeth
groupStandard length

Postmetamorphic:
16.75 mm • _
17.2..~ mm .• • _
17.55 mm _
20.20 mm • _

Juvenile:
19.50 mm_ . . _
21.25 mm. • .
24.45 mm ,. _
24.70 mm __ • _

Adult:
29.20 mm • _
41.50 mm • _
43.00 mm __ • • _
43.00 mm • _

5
3
5

10

13
10
18
16

28
33
29
28

4
4
4

13

II
7

16
16

26
32
33
31

4
5
4
6

6
7
5
5

10
10
9
7

4
4
4
5

8
7
5
6

10
10
7
7

Ii
15
16
24

30
26
33
30

56
65
55
50

16
14
15
26

31
28
31
32

55
63
52
52

and photophores then alternate, except that the last
four bra-nchiostegals are posterior to the last pho­
tophore.

Ftns.-The number of ra.ys in fully developed
fins is shown in table 11. The dorsal fin of Y.
lucetia. has 1:3 to 16 rays (average, 14.59) and the
anal fin has 13 to 17 (average, 15.14). In each fin
the first ray is unsegmented, the second is seg­
mented but unbranched, and the others are seg­
mented and branched. '\Ve are following J esper­
sen and Tuning (1926) in counting the post.erior
two rays as separate. The bases of these rays are
closer together than the bases of other ra.ys, but
they are always distinctly separated and have
separate interneurnls and interhaemals.

=======

Caudal fin

TABLE ll.-l'ariation in number of rays in· fully developed,
unpaired fins of Vinciguerria lucetia

4.02

66

8. 29 1

6666

19.0015.14

100

Dorsal
fin

Average number
ofrays .____ 14.59

Nnmber of speci·
mens_.__________ 100

Number of rays

In all specimens studied, each pectoral fin has
10 rays; the ventral (pelvic) fin has 7 rays. The
uppermost ray and the lowermost my in the
pectoral are unbranched, all others are branched.
All rays in the ventral fins Ilre 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 (procm'rent)
rays are unsegmented and unbranched. Hollist.er
(1936: 259) applies the term "raylets" to such
secondary rays. The secondary rays are unequally
developed on the two parts of t.he tail, dorsal sec­
ondaries numbering 7 to 10 (average, 8.29), ven­
tral secondaries 4 or 5 (a.verage, 4.02) .

W'e will discuss fins in the order of their forma­
tion: (1) Larval pectoral (without rays); (2)
cauda.I; (3) dorsal; (4) anal; (I» ventrals (pel­
vies) ; and (6) pectora.I (with rays).

4_. • • ._________ 65
5 ._. • • • __' • ._ I
7. . _.. 5
8. • • __' _.________ 39
9. .. _' 20
10 • • • 2
13______________________ 3 I ••••••••••••••••••••
14 • .___ 42 11 • __ • • _
15 .______________ 48 62 • __ •• • __ . _
16 .______________ 7 25 • • •__ • _
17 •__ • • 1 -- _. • _
19. • ._____ 66 _.. • _

Anal fin IPrincipal Dorsal Ventral
rays secondary secondary

-------1-------.--------

ltrrangement 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 t.eeth form during the postmeta­
morphic stage. A specimen 16.75 millimeters long
had 1 t.ooth on one side and 2 on the other, while a
late postmet.amorphosing individual, 20.2 milli­
meters long, had the full complement. of 4 to 5
palatine teeth. The posteriormost t.ooth is largest,
and the teeth decrease in size Itnteriorly.

The vomerine t.eeth, 1 on a side, also form dur­
ing the postmetamorphic stage.

Branohiostegals.-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 t.he 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
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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. R.ays do not appear in the
pect.oml fins until metamorphosis (see below).

Caudal fin: The cauda,} fin of Y. lucetia is a
typieal homocercllJ 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 e,it.her side unbranched). The rays are sharply
divided into two groups: 10 upper and 9 lower.
All 19 principal mys 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 hnemal spine of the ultimate
vertebra. This description applies to clupeids,
engrnulids, salmonids, osmerids, argentinids,
et. cet-ent.

The caudal 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
ItS 4.5 millimeters. As usual, 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 prineipal rays is found
on larvae of more than 6.5 millimeters. The flex­
ure of the posterior portion of the urostyIe, bring­
ing the rays into a terminal position, occurs al­
most simultaneously with principal-ray differen­
tiation.

The secondary, or procm'rent, 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 prineipal rays,
and differentiation proceeds anteriorly. The dor­
sal secondnry rays are the only caudal rays that
have a dorsal origin. The secondary mys form
slowly. By the end of the larval period, 4: or 5
(occasionally 6) dorsal and 4 ventral secondary

4685460 -59 -4

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

The fully developed caudal fin is associated with
the last three vertebrae. The development of the
supporting skeletal structures for the caudal fin is
diseussed in a seetion following fin format.ion
(p. as.:!).

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 mys, 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 t.he usual number is 14 or 15.
Some individmtls as small as 10.5 millimeters have
14 dorsal rays, and all of more than 12.0 milli­
meters in length have Itt least 14 rays; hence, dor­
sal-fin formation is complet.ed during the larva.}
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 botIi 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 1l.O-millimeter larvae, but fin
format.ion is not eompleted until metamorphosis,
usually during the prometamorphic stage (table
12). The number of rays when fully formed is
invariably 7.

Peetoral fins (with mys) : R.ays 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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TABLE 12.-NlImber of rays in pectoral and ventral fins
oj" larval and metamorphosing specimens of Vincigllerria
lllcetia

early part of midmebullorphosis. 'Vhen fully
formed, the number of pectoral rays is invariably
10 (table 12).

Int.erhaemal spines a-re similar t.o interne'llrals
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 ana.] 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 gonostomat.ids in
the supporting elements associated with the uro­
style than in any family of which we have knowl­
edge. In D1:plopho8, for example, the primit.ive
and complete complement of 7 hypura.ls and 3 epu­
rals persist.s. This is the basic number in many
families of isospondylous fishes. In Cyclothone,
on the other hand, the supporting structures are
reduced t.o two hypura.ls and no epurals. Find­
g'uel'rict is .intermediate, having five hypura.ls and
a single epural.

It is int.eresting t.o note, however, that during
formation of the cauda.l supporting structures in
V. lucetia, '7 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 a,nd 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 In-rvae 11.0 milli­
met.ers long, and fusion is completed before the
end of the larval period. It is an int.eresting point
t.hat 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 normn-l centra, anterior to the urostyle, which
[l·re designated "ultimate" and "penultimate." The
neural spines are modified on t.he lat.t.er two ver­
tebrae. They are wider than ordinn-ry spines and
truncate at. their distal ends. The haemal spine is
always truncate on the ultimat.e vert.ebra, but is
ordinarily pointed on the penultimate. Several
vert.ebrae. anterior to the penultimate also have
truncate neural spines, but normally pointed hae­
mal spines. The condit.ion 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

100
100

20
19

25
25

25
25

3 4o

N urnher of rays Total
______________ numher of

specimens
6 7 8 10

Stage

Snout to Snout to Snout to Width of ILength of
Standard length origin of Insertion adipose a-lipase adipose

dorsal of dorsal at hs..'IC
------

AIm_ Mm. Mm. AIm. JVm. J\l7ll..2. ___________ . ______ 14.7 19.8 22.1 0.3 1.50.6. __________________ 23.1 30.2 34.3 0.6 2.3.0. __________________ 32.5 42.5 48.0 0.8 3.8

Larval:Pectoral fln 100 . .
Ventral f\.n 100 _

Prometamorphir:
Pectoral fln __ ._. 10 1 2 2 1 4 _
Ventral fln . · 1 1 2 15

Mllhnetamorphlr:
Pectoral fln . . ._ 2 1 22
Ventral fln . . 25 .

Postmetamorphic:Pectoral fln . . . __ 25
Ventral fin . '--- 1 -.-- ---- .-.- 26 ---- ----

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
metnmorphosis. The position and dimensions of
this fin on adults is illustrated by morphometric
measurements of three selected individua.ls:

The adipose fin has a moderately narrow base.
The fin is directed obliquely backward, lias It curved
upper (anterior) ma-rgin 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 dorsnl tin is identicnl 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 interneura.ls in the
anterior half of the fin are bifurcate at t.heir prox­
imal ends.

There are 13 to 15 free interneurals ant.erior to
those associat.ed with t.he dorsal fin. The first free
interneural precedes the first. neural spine, the sec­
ond one lies between t.he 1st aBd 2d neural spines,
nnd each remaining interneural is usua.lly situated
het.ween two neural spines. There ure no free in­
terneurals posterior to t.he dorsal fin.

26
4
56
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FIGURE l6.-Caudal portion of vertebral l"ohllllll. showing the supporting skeletal structures of the caudal fin. (Ep-­
epural; Hy-hYPul'als; PCR-principal caudal ruys; SCR-s('coll(lary caudul ruys; Un-uroneural; Ur-urostyle;
UV-ultimate vertebra.)

TABLE 18.--Tlipes of neural and haemal spincs on last Ji:/T

caudal vertebrae anl,erior to uroslylein Vinciguerria lucetia

(Based 011 13 specimens]

I (ultlmnte1-_________________________ 13 _
II Cpellultimatel..____________________ 2 11 _
III l'mtepellult-imat·e.l._______________ 13 _
IV____________________________________ 9 4v .________ 1 12
vr.· I 1 13

t.o t.he urost.yle and t.rmicat.e haemal spines on t.he
last-2. As shown in t.able 13, t.he majorit.y of speci­
mens examined have 4: truncat.e neural spines, but
only 2 individuals out. of 13 have more than a sin­
gle truneat.e haemal spine.
Scale formation

The scales of r i-neiguf:rJ'ia are highly deciduous,
so much so that specimens taken in plankt.on hauls

Vcrtehr<}

Number of specimens with spiJll'S-

Neural.
Both truncate; Both

t·rtIl1cate h:wmnl. J)llillted
point.ed

or trawls seldom possess scales. As a consequence
we have not. been able t.o st.udy scale formation.
Some postmet.amorphosing individuals showed
scale pockets over t.he body, henee we assume t.hat.
scales are laid down during metamorphosis. No
att.empt is made to show scales on our drawings.
Some specimens dip net.ted off Guadalupe Island
still retained a few scales.
Photophore development

The phot.ophores of V-inc-ig'll-el'J'ia are striking in
appearance. The number and arrangement of
these orga,ns easily distinguish the genus from
other 'gonost.omnt.ids. In live specimens t.aken by
dip net. at Guadalupe Island, Baja California, the
organs gave off a luminescent., blue light when t.he
specimens were held or stimulated. In adults,
ench photophore consist.s of a black base and a
grayish-silver lens, which is direeted downward.

Several met.hods of classifying photophores
ha.ve been used (cf., Jespersen and Taning, 1926;
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FIGURE 17.-Ventral view of. juvenile Fin.ciguerria, lucetia, showing the arl'angement of photophore groups. (80­
symphyseal pair: Orb--orbital photollhores: Op--opercular l>hotophores; Br-branchiostegal photophorE'S; 18­
isthmian l'hotuphorps; OV-lateral photophore group extending from operculum to ventral fin; lateral VA-lateral
group l'xtf'ncling from vEc'ntral fin to origin of anal fin; IV-vl'ntral body photophorEc'S betwl'en isthmus and vEc'ntral
fin,,: n'ntrnl VA-ventrlll gruup between ventral fins and origin (If anlll fin; AC-group bl'tween origin of anal fin
amI base (If caudal fin.)

Horsburgh 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 F inolg1{eJ'J'ifl.

The photophores have been grouped into 10
categ.ories (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) Symph)Tseal (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)-8
pel' side, spaced between anterior 9 branchi­
ostegals; (5) isthmian photophores (Is)-7 pel'
side, spaced along isthmus.

Head photophores seldom vary in number after
development is complete. Less than 1 percent of
the specimens exa,mined had other than'S brnnchi­
ostegal photophores per side; 1 specimen had 9,
2 speeimens 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 individunls
had other than 7 isthminn 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 between 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,
9.8H). The anal-eaudal (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 lHlIllber of photophores pel'
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
body 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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--------_._-----------

Avemge number of photo-
phores per side__ . __ . ______ 11. 34 10.88 14.34 9.89 13.86

TABLE 15.-Asymmetry in photophore pmrmg in various
photophore groups in Villciguerria lucetia

[Based on 586 specimens of table 14]

TABLE 14.-Yaria.tion in number of body photophores, in
586 specimens of Vinciguerria lucetia

[See text, p. 386 for explanation of symbolsl

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 anterior 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. 'Vhen asymmetry 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
inereasing posteriorly.

Late- f01"1n-ing 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 t.he only ones that consistently deve.lop during
the midmetnmorphie stage.. These photophores
are found on about 2;) percent of the midmeta­
morphosing specimens and on 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 laeking when the photo­
phores initially appear. Approximately 10 per­
eent of the speeimens examined lacked 4 photo­
phores on each side; the remainder lacked 3 photo­
phores. Because of the relation between numbers
of photophores in the lat.eral and ventral VA
groups, it is possible to determine the number of
"missing" phot.ophores exactly. At formation,
late-forming photophores are colorless and are
smaller than the adjacent, earlier-formed ones.

1.0
4.4
5.6
9.7

11.1
37.5

584

AC
group

586

6
26
33
57
65

219

Ventral row

586

580
560
553
529
521
365

586

Frequency of specI-
mens with photo- Percentage of
phore numbers- specimens

_______ with asym-
metrical

Same on Dillerenton pairng of
two sides two sides photophores
of body of body

Lateral row

OV VA IV VA
group group group group

Number of photophores

Total number of speclmens__ 586

Photophore group

Head .
Lateral OV _
Ventral IV . _
Lateral VA _
Ventral VA _
Anal-caudal (ACl _

forward than the OV group; the three anterior
pairs of IV photophores hu.ve 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. 'Vhen 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 shnred 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-

8-9_____________________________ 2
9-9 •• 1 67
9-10 .________________________ 1 45
9-11. .________________ 1

10-10 ·__________________ 5 70 438
10-11.. .____________ 8 40 16
11-12 . 369 441 16
11-11 . .____________ 13 16 1
12-12 li8 Ii --.--- __ --------
12-13 .. ._ 5 __ .... __ 7
12-14 • __ .__ 3
13-13 ._______________________ 8 6 94
13-14. . . . 10 118
13-15 . 8
14-14 • . 364 233
14-15 . .__ 16 80
14-16 . . . • .. __ 1
15-15 . . .. :_ 176 38
15-16____________________________ 6 2
16-16 ._ 8 --------
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I Number of Ae photophores
lacking

Number of lateral VA photophores lacking 1__--;__--,__._

T ABI.E 17.-Sequencf:' of development of late-forming photo­
phores of the lateral FA and the AC groll.ps, in 106 speci­
mells of Vincigllerria lucetia

[On both sides of body)

TABI,E 16.-1"aria.lion in number of photophores in the
anterior and posterior anal-caudal groups during meta­
morphosis, in :81/i specimen., of Vinciguerria lllceUa.

[On both sides of body]

5-5 . . . ._. ._______ 8
5-6_._. . __ . __ ._ . ._._ •.• _._._ 2 38
H . .' _. __ . . .. _._ 36 86
6-7 . __ . . .. _. __ _ ___ _____ ___ 37 58
7-7••. .. ..• . ... _' . __ __ _ 126 25
7-8 . .. , . __ . ._ .. __ .. _ 8 __ . ._

~t:~~~~~~~~~~;~;~~~~:::::: :::::::::::::::::::::: ~. 781::: :::::~.: ~~

Anterior Posterior
group group

1-1 Q-l 0-0
-------

I 0 n
2 0 U

25 3 0
9 3 0

33 7 1
3 0 1
6 1 7
0 2 n
2 0 0

---------
81 16 0

Number of photophores

Total numh.er of spcchneu.~. .. __

posite one another; in the posterior group, the
photophores of the two sides are too dosely ap­
proximated to lie side by side, and alternate regu­
larly, except for the posteriormost pair, or occa­
sionally the last two pnirs, which again show the
transverse alinement (fig. 17). The anterior group
of AC photophores usually consists of 6 or Tphoto­
phores on a side (nverage, G.78), the posterior
group has 5 to 7 (average, 6.13) .

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

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
dividunls. Usually the pail' 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 stilI lack
1 or more pairs of VA photophores. On the other
hand, 2 individunls with all VA photophore.s
still lack the pair of AC light organs.

4-4 . . __ .. __ . _. .. _
4-3 . ... __ . __ ._. __ . .' _
3-3 . __ . . . . . _
3-2 .. . . .
2-2 • . . .
2-1. . . . . .
1-1. __ •__ . _. __ . __ .. . . .
U-1. __ -. ---- - -- -_ - - -. -.' --. - .
0-0 .. __ . . -_. ._ . . _

Eyen when they beeome pigmented, they ean 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 It pair of VA photophores
had appeared. One pair of the lateral photophores
almost always develops before the symphyseal
pa.ir, and the other 2 (or 3) pairs are added gradu­
ally. There is some variation in the sequenee in
which the late.-forming AC pair of photophores
appears in relation to the VA photophores (to be
diseussed later). Usually the posterior pair of
lateral V A photophOl;es is the last to form.

The largest spec.imen studied in which the
photophores had not all formed was 22.3 milli­
meters in length; it ~a,cke.d a VA and an AC photo­
phore on one side. The smallest specimen with
complete photophores measured 17.5 millimeters.
1Ve consider that metamorphosis terminates when
the photophores are all laid down and the late­
forming photophore!;: are pigmented.

Symphyseal photophores: The pair of symphys­
eal (SO) photophores does not appenr until the
postmetamorphic. stage. Of the 75 postmetamor­
phosing individuals used to trnee photophore de­
velopment, ~6 stilI lacked these photophores. The
lnrgest individual thnt lacked symphyseal photo­
phores was In,o millimeters long; the smallest
specimen on which they were developed was 12.5
millimeters. In sequence of format.ion, symphys­
enl photophores nre usually the third pnir of In.te­
forming photophores to appear.

Symphyseal photophores have been used as a
diagnostic character in separating species of Vin­
cirt'lle·l'l'ia.: lucetia and 'nhnba'l'ia develop this pair,
while a.ttenuata and p()wel'iae. do not. However,
owing to the circumstance that symphyseal photo­
phores nre late-forming, this chnracter must be
used with eaution when deltling with metamor­
phosing individuals.

Anal-caudal photophores: The anal-caudnl
(AC) photophores nre separated into two groups
dl1l'ing most of the metamorphic. period, but even­
tually beeollle a continuous series by the addition
of a piliI' of photophores between the two groups.
The photophores in the two groups differ in spac­
ing. In the anterior group, situnted above the anal
fin, the photophores of the two sides are rat.her
widely separated and are· arranged in pairs op-
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DISTRIBUrION OF VINCIGUERRIA
LUCETIA IN THE EASTERN PACIFIC

Our dat.a on the dist.ribut.ion of VineirllW1'l'ia
Z,ucetia have been derived from two sources: the
survey cruises conducted by the California
Cooperative Oceanie Fisheries Investigations
(CCOFI), from which we hnve been able t.o de­
rive detailed information on it.s distribution off
California and Baja Cnlifornia, and the less fre­
quent. but. wide-rnnging cruises and expeditions
t.hat have covered much of t.he eastern Nort.h Pa­
cific, such as "Norpnc," "Northern Holiday,"
"Shellback," and "Eastropic" expeditions of the
Scripps Inst.it.ution of Oceanogrnphy and several
tuna longline cruises conducted by the California
Department. of Fish and Game. Most. of t.he ma­
terial has been obbtined from plankton-net. collec­
tions, supplement.ed by an exnmination of collec­
tions obtained from midwater trawls, tuna
stomachs, ltnd occasionally dip netting.

DISTRIBUTION AND ABUNDANCE IN CCOFI
SURVEY AREA

'We shall first discuss t.he distribution and abun­
dance of V. lucetia lnrvae and adults off Califor­
nia and Baja Californin, 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
CCOFI 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 Califoi'nia-Oregon Stat.e
line. The area oft' northern Cal ifornia (station
lines 40-57) was surveyed on two cruises each
year: during .ruly and August in 1951, and June
and .July in 1952. The area between San Fran­
dsco and Point San .Tuanico, Baja California
(stntion lines 60-137) wns surveyed on most
cruises. The waters still fnrther s~uth (station
lines 140-1(7) were not rout.inely surveyed; the
area was covered on three cruises in 1951 (Mare-h,
June, and September), but only during the Feb­
ruary cruise in 1f.l52, nnd then only partially.

The northel'll extent of the distribution of F.
l!teeNa. has been fairly well delimited. There was
only n single OCCUl'l'ence of larvae to the north of
Point Conce.ption in both 1951 and 1!)52-at st.a­
tion 60.80 in May H151, and at stat.ion 77.55 in No­
vember 1952. In 194!), however, lnrvae were taken

in severnl collections off cent.ral and northern Cali­
fornia. The northernmost collection of larvae
was nt 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 Concept.ion have
been sporadie, and t.he number of specimens ob­
tained has been few.

The area off southern Baja California, unfor­
tunately, cannot be completely eompared in 1951
and 1952, owing to t.he fragmentary coverage in
the latter senson. This area appears to be the rich­
est. for V.lucetia of any in the CCOFI region. In
1951, when eruises extended to Cnpe San Lucas
on three occasions, more than 50 pere-ent. of the
larvae of t.his speeies were obtained on the station
lines (aO-H)7) off southern Baja California. The
dat.a are sUllunarized in table 18.

TABLE IS.-Census estimates of abundance (in billions of
larvae) of Vinciguerria lucetia during three cruises in
the CCOPf su.rvl:Y area in 1951

Cruise "nd month 'l'otal
estimated Percent of

Station lines nnmbe-rof total
5103 I 5106 5109 larvae

-~~~~~
September

- ---
6O-ii __ ~ __ . ______ . ___ 0 0 0 0 080-93 ______________ ._ 139 163 68 370 3.33
97-107 _. _____________ 28 188 639 855 7.69
lIO-lal. ____ . ________ iOO 194 1,273 2,167 19.49
123-13i ______ . _______ 1'16 1,193 457 1,766 \5.88
140-\57. _______ . __ .. _ 1.040 1, 716\ 3, al5 5, 961 53. 61

--------TotaL _______ . 2.023 3,454 5,642 11,119 100.00

In the area regularly covered (station lines 60
to 137), t.he cumulative census estimates of larvae
for comparable cruises during the 2 years (Decem­
ber 1951 was omitted, since there was no December
cruise in 19:')2) are quite similnr: 18,384 billion as
compared to 19,020 billion (table 19). As ex­
plained in a· previous publication (Ahlstrom and
Count.s, 1955), a census estimate is one that inte­
grates standard haul- estimates over area but not

• over time. Size is not taken into aecount. It is 11 .

comparative estimate of abundance, rat.her than'
an estimate of actual abundance, which must take
into account. size, growt.h rate; and other factors
(Ahlst.rom 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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TABLE 19.-Census estimates of abunda.nce (in billions of larvae) of Vinciguerria lucetia in the CCOFI survey area during the
monthly cruises of 1951 (md 19.52

5110
Oct.

5109
Sept.

Cruillt' and month

5105 sum 5107 510S
May .Tune July Aug.

5104
Apr.

SI03
Mar.

5102
Feb.

5101
Jan.

Total
__--,-__~--~---.----.,.__---_;_--.,._-.__,_-.-...,._-----lestimBte(\

I number
5111 M12 or larvae
Nov. Dec. (billions)

Station line~

----------------1--- ------------------------------------
1951

60-77_______________________________________ 0 .____ 0 12 0 0 0 0 0 0 0 12
80-93 ._________________________________ 1 14 139 100 254 163 94 128 f;S 42 11 47 I 121
97-107 .___________________ 90 1~ 28 003 354 188 396 630 6.19 945 204 175 4'270
110-120_____________________________________ 643 72 700 482 3.;0 104 70 610 1,273 2,510 546 877 &345
n:1-l37.------------------------------------ 311 44S Ill) 447 830 1,193 5l\4 575 4571 647 141 10 5,745

oan~:t:~~_~:::::::::::::::::::::::::::::~~;~~~*~~*~~::~~_~
Cl"Uisc and montb

Station lines

Total
1---,---....----,---,------;;----7'""--.,-------,-·----,--....,...---,---- e~~:~rd

5201 5202 5203 5~04 5205 5206 5207 5208 5209 5210 5211 5212 or larvae
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. (billions)

_·_-----------1--------------------------------
195260-77 .________________________ 0 0 0 0 0 0 0 3 3

80-93 ... 12 1 10 5~ 17 48 147 177 47 145 46 711
07-107______________________________________ 54 32 103 307 106 161 373 400 301 1,245 2.."0 3,302
110-120_____________________________________ S36 224 265 261 874 607 1,365 616 1,303 2,152 1,553 9,756
123-137 .. 965 166 375 '1,314 20i 55S 907 104 340 204 lOS 5,248
140 and below______________________________ 474 • • ... • __ ._ 474

TotaL. I:567---s97~"""'l.'934"""'l,204 1,374. 2,792 -1,297 1;991 3,746 1,930 ~19.494

TABLE 21.---Abl(ndal~re.Un bUHoll8 oflaruae) of Vinciguerria
lucetia in the area 8urve.yed by CCOFI (lines 60-137),
by months, 1951 and 1952

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
CCOFI area below Point Conception.

WIDER DISTRIBUTION IN EASTERN PACIFIC

The northern limits of the distribution of TT-in­
cigue.,.,.ia lucetia have been adequately delimited
by the CCOFI survey cruises, but the southward
and westward limits have not. Infonnation is
available on the wider distribution of this species
from special cruises.

Month
Estimate<l Percent or Estimated Percent ol

nllmber year's total number year's total

January__________ .. ______ 1,045 5.36 1,567 8.24
Februar)-. _______________ 549 2.82 423 2.22Marcil. __________________ 983 5.04 762 4.01April.. ____ . _____________ 1,692 8.68 1,934 10.17
May ___ .. -- - __ -____ --_-__ 1,818 9.33 1,204 6.33June _____________________ 1,738 8.92 1,374 7.22Jllly _____________________ 1,133 5.81 2, 792 14.68August__________________ 1,943 9.97 1,297 6.82
September___________ . ___ 2.437 12.50 1,991 10.47October__________________ 4.144 21.26 3,746 19.70
November_______________ 902 4.63 1,930 10.15December ___ • ___________ 1,1011 5.69 -------- .~-~ ------.-----

----Total ________ .. ______ 19.493 100.01 19, 020 100.01

1952195\

Larval' were taken t.hroughout the year in all
parts of t,he distribution off southern California
and Bajn California (table 21). They increased
in numbers in la.t.e summer and early autumn, and
in both years the greatest abundance OCCUlTed ill
Oetober.

TABLE 20.-Rdative abu.ndance (in bWiolls of larvae) of
Vinciguerrin lucetia in different sections of th(' CCOFi
survey area, 1951 ami 19:j2

[Cumulative cen~us estimates; see table 19]

I 1951 1952

Station lines
Estimated Percent or Estimated Percent or

number total number total
._---

California:
60-77_____ 12 0.06 3 0.02
80-03. ___ ._::::::: :::::: 1,121 5.75 711 3.74

Baja California:97-107 ____.. ___________ 4,2iO 21. 91 3.302 Ii. 31;
110-120 _________________ 8.345 42.81 9. ;,';6 51. 29
123-137______ .. _________ 5,745 29.47 5,24~ 27.59._---

Total. _____________
19,493 I 100.00 19.020 100.00

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 Cttlifornia (lines 97-107, 110-120, and
123-137). In neit,her season was as mueh as
6 percent of t,he total t.aken off California.
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V. lucetia is not only abundant off Baja Cali­
fornia, but throughout the area between 20° N. and
14° S. latitude (the southern limit of our collec­
tions, rather than the southern limit of dish'ibu­
tion of the species) . Throughout this wide range,
Y. hwetia 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
occnsionally taken in dip-net collections, but the
only locality where it has been consistently tllken
by this menns is Guadalupe Island, off Baja Cal­
ifornia. Some of our best adult material has been
obtained from this locality.

An unusual occurrence of V. l"ltcetia should be
noted. On February 10, 1956, Dr. George E. Lind­
say, Director of the San Diego Museum of Nat-ural
History, found llnge numbers of dried individuals
in windrows on the beach at San Benedicto Island.
It. is possible thnt the fish were killed by subter­
ranean volcanic action and washed ashore, as there
has recently been considerable volcanic activity on
these islands. A number of these specimens were
exmnined by us. They had the usual photophore
counts for individuals from that area (80-82
photophores per side), and ranged in size fro~

~9 to 51 millimeters in standard length. The col­
lection contained only V.lucetia. This occurrence
parallels the mass mortality of Tm'leton"bean-ia
cl'enula1'ifi reported by Aughh'Y (1953).

V. lu.r:etia is abundant in the southern portion of
the Gulf of Cnlifornia. Distribution in the gulf"
during cruise 5602 is shown in figure 20.

The farthest westward that we have obtained
specimens of Yincigue'l'1'ia lncetia has been about
134° ·W. longitude. Above 20° N. latitude, it is
replaced to the west of 134° by Y. nimba1'ia and
Y. powe'l'iae, which are discussed later in this
paper. Our collections below 20° N. latitude have
seldom ext.ended this far westward, so they are
inadequate to delimit the westward distribution
of the species in the tropicnl Pncific. 'We have a
record of V. lucetia from 14°21' N. latitude,
133°05' W. longitude. The distribution of Y.
lucetia, based on collections we have examined, is
shown in figure 21.

The westward distribution of the species of Vi7/.-

cigtU?-1'1'ia in the central Pacific could be clarified
from the collections made by the Pacific Oceanic
Fishery Investigations. "re are not including pub­
lished records of V. lw:etht from other parts of the
Pacific, as it is not often possible to verify the
records from figures or description. Furthermore,
it is beyond the scope of t.his 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 Vinciguel'1'ia l"ltcetia were
examined from 162 collections obt.a.ined 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
lect,ions have been grouped into subareas, each com­
prising 5 degi'ees 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 photophores per side.

In the CCOFI area there is a marked cline of
photophore number with latitude. Fish taken
north of ~7°30' N.latitude nvernge 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 arens; the difference in photophore lUUU­

bel' results from reduction in the number of lateral
OV and ventral IV photophores by approximately
1 photophore in each group per side llnd of AC
photophores b~T about O.n photophore per side.

It is an intere-sting findiilg that the specimens
tnken offshore from southern Baja California. be­
tween un° l~nd 126° ·W. longitude had counts that
were similar to those found in the northern portion
of the distribution (a.verage number of photo­
phores per side, 8~.94). The temperature dist.l·i­
bution found on "Norpllc" affords an explanation:
surface temperutures in the offshore area were low­
er than off southern Baja California.
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VINCIGUERRIA LUCETIA LARVAE
GULF OF CALIFORNIA

FE.BRUARY 1956

29"

23"

NUMBER PER STATION

m~mm 1-10

11-100

11101-1000

III OVER 1000

o STATIONS OCCUPIED

112°

110"

110·

lOS"

lOS·

29"

27°

25°

23°

FIGURE 20.-Distribution of rinC'iguerria 11lcetia larvae in the Gulf of California in February 1956 (cruise 5602,.
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The CCOFI SUl've.y area exte.nds only to the tip
of Baja California. Throughout the extensive
area to the south, averu,ge counts are low, approxi­
mating those found off southern Baja California.
The range of mean values for subareas south of
20° N. la titude was from 78.50 to 82.00 photophores
per side. 'Vhen the comparisons are bnsed on all
individuals tnken in eaeh 5 degrees of latitude, the
results are as follows:

Latitude

ISO-20° N .. .. . _
10°-ISo N __ . .... _. __ . _
5°-100 N .. .. . .. _
0°_5° N ." . ... .. _. __
oo-so S . __ ... . . __
,1)°_10° s ~. .4 • _. ._. •• __

10°-150 S __ .. .

Avera~e

Number of number of
~p.cimens photophnrcs

I'er side

50 1lO.55
79 80.28
92 80.38
56 SO. 67
16 81. 07
11 81. Oli
5 Ill. OU
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TABLE 22.-Fariation in number of photophores per side on Vinciguerria lucetia collected in the eastern Pacific

[Area: 36° N.-14° a.1at.• 78°-134° W. long.]

Average number photopbores per side
Total

number or
Area Lateral row Ventral row phdt<>- Number or Number or

AC phores specimens collections
Head group per side

ov VA IV VA
group group group group
------------

30°-36° N.:
117°-120° W ___________________________________________ 21.0 11.83 11. CO 14.83 10.00 14.20 82.86 12 6120°-130° W _______ •_____________________________ •___ ._ 21.0 12.03 10.89 15.03 9.89 14.19 83.03 31 13130°-134° W ______________________ . ____ . _. ___ . ________ . 21.0 12.00 10. SO 15.00 9. SO 14.20 82. SO 5 3

27°30'-30° N.:117°-120° W ___________ • _______ . _____ •_________________ 21. 0 12.00 10.89 15.01 9.90 14.24 83.04 56 15120°-129° W _________________________________ . ________ . 21. 0 12.04 10.94 15.04 9.94 14.44 83.40 26 1125°-27° 30' N.: 113°-120° W ______________________________ 21.0 11.26 10.96 14.26 9.96 13.86 81.28 50 18
20°_25° N.:109° W. and GuIL_______________________ •____________ 21.0 10.91 11.00 13.91 10.00 13.72 80.54 16 6110°-118° W _________________________________ . _________ 21. 0 1I.08 10.85 14.09 9.85 13.77 SO. 64 50 18119°-126° W ________________ . ________________ •_________ 21.0 11.89 10.92 14.89 9.92 14.32 82.94 31 7
15°-20° N.:102° W ________________________________________________ 21.0 1I.00 10.00 14.00 9.00 13.50 78.50 1 1III°_116° W __ . ________________ •_______________________ 21.0 1I.OS 10.95 14.05 9.97 13.47 SO. 49 32 5124°-125° W ___________________________________________ 21.0 11.29 10. 79 14.29 9.79 13.62 SO. 78 17 2
10°_15° N.:88° W ________________________ • ________________________ 21.0 1I.06 10.96 14.06 9.94 13.75 SO. 77 26 290°_99° W ____ • ______________ . ____ .. ____________ . ______ 21.0 11.00 10.60 14.00 9.60 13. SO SO. 00 5 3101°_106° W ________________ .. _____ •____________ . ______ 21. 0 11.04 10.69 14.04 9.71 13.62 80.10 26 5115°-116° W ____________________________________ . ______ 21.0 10.94 10.74 13.94 9.74 13.59 79.95 17 6122° W ____________ •___________________________________ 21.0 1I.00 10.75 14.00 9.75 13.50 so. 00 4 1133° W _________________________ . ______________________

~1.0 11.50 10.50 14.50 9.50 14.00 81.00 1 1
5°_10° N.:78° W _________.________________________________________ 21. 0 11.00 10.86 14.00 9.84 13.62 SO. 32 25 184°-87° W _____________________ . _______________________ 21.0 11.00 10.87 13.98 9.89 13.64 SO. 38 59 6

105° W ________________________________________________ 21.0 1I.00 10.50 14.00 9.50 la.26 79.25 4 11I9°-120° W ___________ . ______________ . ______ . _________ 21.0 12.12 10.88 15.12 9.88 13.00 82.00 4 3
0°_5° N.:79° W ___ . ___________________________ . _________________ 21.0 11.08 10.82 14.08 9.78 13.86 80.62 25 1SOo-90° W __ . ________________________ . _________________ 21. 0 11.00 11.00 13.97 10.00 13.72 SO. 69 16 8

92°_98° W ~~ _________ . _. _____ _____ . ____________________ 21.0 10.94 10.94 13.94 9.94 13.56 SO. 32 9 4109°-110° W ___________________________________________ 21.0 11.00 11.00 14.00 10.00 14.25 81. 25 2 2III°_117° W _________ •_________________________________ 21.0 11.76 10.50 14.75 9.62 13.75 81.37 4 3
0°_5° S.:82° W _________________________________________________ 21.0 11.00 11.00 14.00 10.00 14.00 81.00 4 196°_97° W ____ . _______________________ •________________ 21.0 11.25 10.92 14.25 9.92 13.58 80.92 6 2

111°-117° W _________ • _____________________ . ___ . _______ 21.0 11.67 10.75 14.67 9.75 13.50 81.26 6 4
5°_10° S.:89° W ___________________________________ . _. ___________ 21. 0 11.00 11.00 14.00 10.00 13. SO SO. SO 5 194°-95° W ._. ________________________ . _____ . ___________ 21. 0 11.12 11.38 14.12 10.38 13.88 81.88 4 31I6° W _______________________________ . ________________ 21.0 11.00 10.50 14.00 9.50 14.00 SO. 00 2 1
10°-14° S.: 82° W ____________________ .. _________________ 21.0 11.00 11.00 14.00 10.00 14.00 81. 00 5 1

---------------Ali areBS___________________________ •________________ 21.0 11.34 10.88 14.34 9.89 13.86 81.31 586 162

The lowest average counts were obtained be­
tween 10° and 15 0 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 off southern Baja California.

MOVEMENT BETWEEN AREAS

The ubiquitous distribution of ri'/l.a-igu.e1·ria lu­
cetuf, has already been commented on. Over a very
extensive area, it is taken in some sta-ge of de­
velopment in most plankton ha-uls that we have
examined. In at least a part of its range, however,
it can be shown that there must be little or no in­
terchange between 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 Cll.lifornia
(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. It will be noted that there is little overlap
in t.he two distributions-slightly over 20 pere-ent.
Thus, only 20 percent of the specimens in the two
groups have similar photophore counts. This
value. may be assumed to represent the maximal
nmount of interchnnge (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
t.inct possibility that little or no interchange
actually ta.kes place between the two.
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STATION 130.60

OTHER SPECIES OF VINCIGUERRIA
OCCURRING IN THE EASTERN PACIFIC

It should be noted that the generic name Vinai­
gu.e.·I"l'ia, proposed by Jordan and Evermann (1896:
577), but first reported in Goode and Bean (1895:
513), has been aceepted without a strict regard
to priority. Bonaparte (1841) described a sub­
genus Powm'ia under lchthYOCOCCU8, with P.
pO'wet'iae as type species. Apparently this de­
scription was overlooked by Jordan and Ever­
mann at the time they proposed the generic name
of Yineigu.e·rJ·ia with Y. atte.nu.ata a·s the type
speeies. However, in conformity with the prin­
c.iple of conservation (Hubbs 1956) adopted by
the Fourteenth International Congress of Zool­
ogy for incorporation in the International Rules
of Zoological Nomendature, and in view of the
fact t.hat apparently no previous author has

the da.ytime (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 l1&Cetla eggs and larvae, other than that they
oceur 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 surfaee, and a closing-net
haul sampling the level between approximately
270 to 135 meters deep.

Three species of Yinaig'ue.l'ria larvae were taken
at 72 stations at which both nets were used. Only
1 upper-set haul in this group did not contain
Vincigue.'l'l'ia larvae, while they were taken in only
12 closing-net hauls. The total number of Yirwi­
g'lte.1·l'ia larvae taken in these upper-net hauls was
1,723, as compa.red with n· total of 29 in dosing-net
hauls, or approximately 60 times as many. Henee,
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 Yinciguet-ria 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.
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FIGUIIE 24.-Vertical <1istI'ibution nf eggs and larvllt' of
Vit/c-iguerria lllC'etill at station 130.60 \25°29' N. lflt..
115° 24' W. IOllg.) lIll April ::!1, 1955.
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Sueh a marked dift'erenee in photophore num­
ber as is shown in these two populations.does not
oeeur over muc.h of the distribution of V. lu,cetia,
hence the technique used here is applieable only to
seleeted 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. l1tOetia were taken in three
series of vertically stratified horizontal net hauls
made oft' 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
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adopted the name Powerla, it seems permissible
and proper to retain the familiar name Yinci­
g1~erria.

Norman (1930), in his monograph of the family
Gonostomatidae, has listed six species of Ywwi­
gtte1'1'ia, of which two were considered doubtful.
The 4 species .considered valid were the following:
a.ttentlata, 'P01l)e1'i~Ie, samzoi, and lncetia.: the 2
doubtful ones were nbnba1'ia and 1'aoulensis. As
Horsburgh (1935) has shown, sanzoi is identical
with nirnbaria.

The species described by Waite (1910) under
the name of GonoatO'lna 1·aoule·naia may be a syno­
nym of Y. nhnba·ri.a--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 Vincigue1'1'ia, 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 G. 1'a01~le1lJJi8 that suggest a· dose re­
lationship to nim,baria 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) .

Yinoigtte1'ria pacifioi, described by Hildebrand
(1946) from off northern Peru, does not ltppear to
us to be distinct from lucetia.

Nm'OO'lna be11efica Whitley (1935) is probably a
synonym of Y. lucetia. The description is based
'on a specimen that was washed ashore in southern
New South Wales, Australia, and slightly at­
tacked by beach erustace.a before collection. The
counts of rays in the dorsal (8+~) and anal (12)
fins are probably incomplete. The total photo­
phore number is approximntely 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, Finciguerria 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 desc,ribed as
slender and numerous, but an exact count is not
given.

The four species of Vinciguen'ia fall naturally
into two groups, which are easily separated both
as larvae and as adults. One group contains atten­
uata. and pO'we1'iae, the other group contains
luoetia. and 1l.imbaria.

The two groups are easily distinguishable in
the embryonic stage. The eggs of aUenua)f.a and
pO'l.ve.l'iae have an oil globule, which is lacking in
the eggs of lucetia and nimbm'i.a.

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 attenttata and pO'weriae, whereas it is
just above the ventral margin in lucetia and nim.­
ba·ria. There are other differences in pigmenta­
tion between the two groups. In lucetia and nirn­
bm'ia 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 altenuata and po'weriae.

The two groups are readily separated in the ado­
lescent and adult st.ages by the presence or absence
of the symphyseal pair of photophores. This
photophore group is developed in luaetia and nirn­
barla, and lacking in pO'we'riae and attenuata.

Sanzo (1913, 1931) and Jespersen and Taning
(1926) have called attention to several characters
that are useful in separating the larvae of power­
iae from attemtata. Both have the conspicuous
axial caudal pigment spot, but this is the only pig­
mentation on larvae of po-weriae. V. attenuat.a, 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 Vincigu.erria, being less than
70 percent of the standard length. In larvae of
pOtl'niae, the distance from snout to anus aver­
ages ttbout 75 percent of the standard length
(range, 73-79 percent). .

Larvae of p01.lJel'iae have a "peculiar spot"
(quoting Je~persen and Taning, 1926) above the
anal papilla.. Both Sanzo and Jespersen and Tan­
ing have ealled attention to this spot. It is not a
pigment area, but a small, conspicuous oval struc­
ture that may be a part of t.he urinary system.

Three species of V incigue.rrw' oceur in the east-
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ern Pacific: l1wetia, p01oe1'iae, and nim"baria.
Brief descriptions of the developmental stages of
the latter two species are given in following sec­
tions.

Vinciguerria poweriae (Cocco)

G0l1ostom'1/8 lJ010criae Cocco, 1838. Nuovi Ann. Sci. Nat.
II, p. 16i (original description).

lc-htllyoeoacu8 po'w('ri(LC BOllapnl·te, 1841. Icon. Fauna
Ital., F. 27. p. 138, fig. 8.

Jlalll'oUau,s po-wcria<J GUnther, 1864. Cat. Fish., vol. 5, p.
300 (brief description).

T'il1a;'gu,crria, pOlVcriue Sanzo, 1913. Mem. R. Com, Talas­
sogr. Ital., \"01. XXXV, pp. 3-7, figs. 6-9 (description of
larvae). SHm~o, 1931. Fauna e Flora del Golfo di
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Napoli, Monogr. 38, pp. 71-75, figs. 50-53 (description of
eggs and larvae). ,lespersen :llld TAning, 1919. Vi­
densk. Medd. Dansk Naturh. Foren.. vol. 70, pp. 218-220,
figs. 1 and 4 (pl'oilletamorphic stage and adult figured).
Jespersen and TAning, 1926. Rept. Danish Ocean.
Exped., 1008-1910, vol. 2 (Biology), A 12, pp. 22-37, figs.
13-1, 14-1,15-1, 16-1, 17-1 (comparison of Y. poweriae
with three other species).

The powe1'iae material available from the east­
ern Pacific consisted of eggs, larvae, and meta­
morphosing individuals. We obtained no ma.teria.l
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).

FIGURE 25.-Distribution of Finci{lucrria 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.
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TABLE 23.--lIfeas!l.rements of eggs of Vinciguerria poweriae
collected at 21 stations t/l. th.e eastern Pacific, in 1955

Egg diameter
Norpar North West Number (mm.l
station latitude longitude Date or eggs

measured
Mean Range

-------- -----
No. 59. ___ .... 34°53' 143°23' VIII-l7_._ 20 0.813 O. 76-. ~5
No. fIO_ ••••• _. 35°~' 148°00' VIII-23.. _ 11 .~17 .78-.85
No. 61........ 35°07' 149°40' VIII-23... 9 .807 .79-.82
No.I;IL __ .. __ 33°02' 132°15' VIII-21. '_ 18 .797 .75-.82
No. 78.5.. _. __ 31°11' 13~o54' VIII-28... 8 . SOIl .78-.85
No. 79_. __ ._. 31°09' 140°29' VIII-28. '_ 5 .799 .76-.83
:-<0.79.5.... _. 31'10' 142°02' VIII-27.. _ 5 .800 .78-.82
No. 81.5 .... __ 31°10' 148°24' VIII-26... 7 .8O~ .80-.82
No. 89.... _._. 29°34' 125'40' IX-3_ .. _.. 10 .803 .77-.83
No. 90 ______ .. 29°17' 129°45' IX-I..._ .. 5 .802 .78-.82
No. 91.. __ .. __ 29°17' 132°57' VIII-3\. __ 7 .797 .76-.83
No. 10L_._.. 27°26' 134°45' VIII-19_ '_ 18 .790 .76-.82
No.IOU____ . 2;°28' 136°14' VIII-19 ___ 14 .803 .78-.83
No. 102.5_._._ 27°26' 13~016' VIII-20___ 14 . i84 .75-.82
No. 126. ____ .. 23°43' 135°11' VIII-20__ . 14 .808 .78-.83
No. 127. ____ .. 23°40' 138°16' VIII-21. __ 5 .786 .77-.80
No. 127.5____ . 23°40' 139°41' VlII-21.._ 24 .795 .76-.83
No. 128___ .... 23°40' 141°06' VIII-22___ 9 .797 .76-.82
No. 128.5___ .. 23°38' 142°22' VlII-22_ ._ 5 .789 .76-.81
No. 129.& _____ 23°46' 145°30' VIII-23 .. _ 9 .795 .76-.84
No. 130_. ____ . 23°48' 146°56' VlII-23___ 10 .796 . 78-.83

Measurements and meristic counts were made
on 26 lnrvae, rn-nging 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 ar~ illustrated in figure 26, and a midmeta­
morphosing specimen is shown in figure 27.

The powed"cte 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
a-greement, 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 Taning. .

1. /~ise at metamorpMsis.-We have studied
six specimens of prometamorphosing V. poweriae.

1"IG1;H~; 26.-De\'elopment (If the egg of ViJldgucrriu powcriac: a, e~I!'ly stage, at development of blastoderl11al cap;
b, middle stage, soon after blastopore closure; o. middle stage. with tail separating fr9~1 yolk but still in I;lllme
plane as embryo; d, late stage.
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These ranged in size from 19.7 to 22.3 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
limet.ers st.andard length.

2. N1un"ber 01 ve?'tebrae.-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 ve,rtebrae for
Mediterranean material.

3. N1Mn"ber .of photophores.-Photophore counts
are given in table 26 for 12 specimens of meta­
morphosing Y. pOloe?'iae 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 t.o determine from them what the 'full com­
plement of AC photophores will be: it. will aver-

TABLE 24.-]\.-[easureme.nts and 7Ilerl:sUc counts of larval Vinciguerria poweriae from the eastern Pacific
[BF-base lormed; u-urostyle)

Body measurements (In mm.) Meristic counts I

Area
Standard Head Eye Depth Snout Snout

length length width at to anus to doml Dorsal
pectoral

Anal

Caudalfln

Secondary
Principal 1__---:- 1

D V

Number Number
of gl1l of verte·
rakers brae

os..lfled

------·---------1--------- -----------------------------
29°17' N .• I29°45' W • .. 8.3 1.54 0.28 0.52 6.20 __ ._____ BF BF 11 0 0 • • _
23°42' N .• 143°57.5' W •••:. __ .________ 9.1 1.87 .35 .70 7.00 BF BF 19 0 0 • . • __ •• _
29°34' N .. 125°40' W ••• . __ . __ .• __ 10.5 2.11 .38 .68 8.00 8 BF 19 0 0 •• _. • _
33°02' N .• 132°15' W_________________ 10.8 2.05 .68 8.20 6 BF 19 0 0 • . _

~~~~:5!"'N.~3i~~~~"'::::::::::::::: tU --2:io' ~::::::: -- '-:79- ---8:80- '- ----- 1& BF 6 t& ~ t ~::::::::: ::::::::::
29°34' N.,125°40' W.________________ 12.0 2.24 .40 .79 9.50 8 BF 19 0 0 • • _
31°09.8' N .• 142°O'J' W._.____________ 12.0 2.16 .40 .72 9.10 9 BF 19 0 0 _ • _ _ _
19°57.5' N.,I29°44' W 12.4 2.29 .44 .76 9.60 11 9 19 2 1 ---- 0+7- :: ._::
29°17'N.• I29°45'W_ ._____ 12.5 2.39 .74 9.40 10 7 19 I 1 0+6 .• • _

ll~~; ~:: t~~~; ~::::::::::::::::: g:~ ~:~ J~ :~g &:~ --'8:70- ~~ ~. ... ~~ ~_ , ~ ~~_ ::::::::::
34°51' N.,136°45' W ... 13.3 2.60 .42 .91 10.20 9.10 . •. • _

31°12' N .• 137°19' W_._______________ 14.0 2.92.'4462 '.8687 110
1
.'3080 99.'8060 -----1·3-- ------1-1- ----"---19-- "--"2" ----'--1- ----·0--+-8-- .--__--_::::-__-21°52' N .• 133°51' W_________________ 15.1

29°17'N.,132°57'W __ • 15.7 3.02 1.18 11.70 12 11 19 2 1 0+8 12+U
27°30.5' N .• 140049' W ... 15.9 3.03 .58 1.14 12.30 10.60 12 10 19 2 1 0+9 14+U
31°09.5' N.,148°24' W •• ._______ 111.0 2.89 .47 1.05 12.00 10.60 12 10 19 2 I 0+8
34°51' N .• 136°45'W _._______________ 16.1 2.80 .51 1.14 12.00 10.25 __ . ' " . .. __ . • • _
25°34.5' N.,I24°21' W .. 16.2 2.97 .47 1.26 12.50 10.80 12 9 19 2 1 0+9 8+U
23°40' N .. 141°06' W 17.0 .. ... 15 14 19 3 2 0+12 40
31°OS.5' N .• 130059' W________________ Ii. 0 3.02 .63 1.16 12.60 10.90 13 12 19 2 1 0+9 21+U
29°34' N .• I25°40' W 17.1 3.20 .60 1.19 12.90 11.40 13 12 19 3 2 0+10 18+U
31°11' N .• 145°10' W .. 17.2 3.13 .52 1.18 12.95 11.10 12 12 19 5 3 0+10
31°OS.5' N.,130059' W .... 17.9 3.28 1.34 13.50 11.50 14 12 19 3 2 0+11 31+U
29°17' N .. I29°45' W __ • \ 18.5 3.69 .66 1.37 13.50 11.90 14 13 19 3 2 0+11 '39

I No pectoral or ventral rays are formed during larval period. Larval pectorals are present on all sppcimens and ventral buds are developed on specimens
ovpr 15 mm. long.

, Penultimate vertebra stilllarJl:lng: total numbpr of vertebrae will be 40.

TABLE 25.-lIfeasuremellts and meri.•tic COl/ills ill metamorphos/:ng stages of Villciguerria 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 at to ven· to dor· to anus Dorsal Anal Pectoral Venlral Secondary rakers brae

length pectoral tral sal Prin·
ripal

D V
----------------------------------------

Prometamorphlr:
2+12 4031°12' N .• 150°07' W ________ 19.7 ;i.87 0.79 1. 76 10.2 12.1 14.6 15 14 1 6 19 7 4

32°03'N., 130°21' W ________ 21. 1 4.00 .79 1. 70 10.6 13.2 1.~. 9 14 14 4 7 19 8 4 2+12 40
31°12' N.,137°19' W... ____ 21. 2 3.85 .60 1.65 10.8 13.6 15.8 15 13 0 Rays7 19 6 4 0+12 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 2+12 40
31°08.5' N .• 130°59' W. ____ .. _ 22.1 4.20 -- - -_. 1. 76 11.0 13.5 15.5 14 14 0 6 19 8 4 1+12 39
29°21' N .• 126°13' W. _______ 22.3 4. 2.~ .86 1.80 11.0 13.7 16.2 14 14 2,13 7 19 8 4 1+12 40

Mldmetamorphlc:
32°38' N •• I72°21' W _.. _____ 17.2 ------ 1.12 2.47 8.5 10.4 11.8 ---- -- -- .- ---- . -- ---_. -. - ----- -----iil- --ii+iii-20°07' N .. 138°22.5' W ••_____ 19.8 4.38 .89 2. OS 10.6 12.2 14. ~ 14 12 10 7 7 4 41
29°21' N., 126°13' W ________ 20.2 4.35 1.20 2.60 9.5 11. 0 13.2 15 15 10 7 19 7 4 3+12 40
26°53' N .• 121°39' W ________ 22.9 4.30 .90 2.23 11.5 14.1 15.6 13 14 10 7 19 7 4 3+12 ---- --

Postmetamorphlc:
8 4 3+12 3932°53' N .• 134°13' W_._______ 17.9 4.25 1.43 2.94 8.9 9.8 12.0 14 14 10 7 19

32°52' N., 131°58' W_ . ______ 18.2 4.50 1.35 3.25 9.0 10.0 12.5 15 14 10 7 19 8 4 -------- 40
,

,
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FIGURE 27.-Midmetamorphosing specimen of Vincigtterria pOlVeriae, 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 Titning
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
phoi'es (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
t.his or of any other species of Vincigue-nia 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 ~ounte.rparts in the OV
group, but. otherwise the t.wo groups usually cor­
respond photophore for photophore. In the ma­
terial of y. 1Io'wm";,ae we have studied, t.he 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 Y. pO'l.venae, V. nimbaria~

and V. lttcetia are given in table 27.
The points of agreement of l .... pO'we'riae, as de­

scribed by .Jespersen and Ti'ming from Mediter­
ranean material, with our material from the east­
ern Pacific are rather numerous..'Ve will call at­
tention to seven:

1. Eg{ls.-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
·!utta. 'We have lUld no difficulty in identifying the
eggs of V. potverirte 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 millimet.ers. Eggs .
taken in the nort.hern part. of the distribution tend
to be slightly la.rger than those taken farther
south, but t.he differeilce is not as marked as that
shown for V.lu.cetla. The single oi1.globule meas­
ures 0.17 to 0.19 millimeters in diameter. There
is no evidence of t.he thin inner shell membrane
that is found in eggs of Y. lucetia and V. nhnba:l'ia.

TABLE 26.-Nu.mber of photophores in metamorphosing stages of Vinciguerria poweriae from the eastern Pacijic

[Both sides of body given]

2
3

82
80-80
83-83

2
83
3
I

-8:.!

I I i
Head Lateral row Ventral row Number

Stand- ----------- Anal- of in- Total
Station North West ard caudal complete number

latitude longitude length Orb OV VA IV VA (AC photo- of photo-
and SO Br Is group group group group' group) phores phores
Op

-- -- ---------------------- --

P~~r~:~8~E~~~:______________ Mm.
31°12' 1500 0i' 19. i 4-4 0 8-8 i-i 13-13 8-8 16-16 IHl 6+i-6+i 4-4 82-8liOO9-iO.li5D _________________ 32°03' 130°21' 21.1 4-4 Il 8-8 i-i 13-13 IHl 16-16 IHl 6+i-6+8 3-3 82-8

Norpac i8___________________ 31°12' 137°19' 21.2 4-4 0 lh'l 7-; 13-14 9-8 16-17 10-9 • • 4-4 -----si:--Norpac 78D __._______________ 31·12' 137°19' 21.8 4-1 0 8-8 i-7 13-13 8-8 16-16 IHl 5+7-6+7 4-4Norpac i6D _________________ 31°08.5' 130·59' 22. I 4-4 0 8-8 7-7 12-13 S-i 1&-16 9-8 6+7-6+7 4-4
5304-90.1CI2 __ • ________________ ~{I021' 126°13' 22.3 4-4 0 8-8 7-7 13-13 9-9 16-16 9-10 6+8-5+7 3-4

Midmetamorphlc:Chinook 14__________________ 32°38' ]72°21' 17.2 4-4 0 8-8 ;-7 13-13 9-9 _6-16 IHl 6+7-6+6 3-3 81-8
Norpa~ 1I;.1D________________ 20°07' 138°22.5' 19.8 4-1 0 8-8 7-7 13-13 IHl 16-16 IHl 6+7-7+7 3-3 82___
5304-90.152_. _________________ 29°21' 126°13' 20.2 &-5 0 8-8 ;-7 13-13 IHl 16-16 9-9 14-6+8 1-2 82-8
Norpac 112D________________ 26"53' 121°39' 22.9 4-1 0 8-8 7-7 12-13 9-8 15-16 9-8 7+7-7+7 3-3 81-8

Postmetamorphi~:
32°53;N. Holiday 64 _______________ 134°13' 17.9 5-5 0 8-8 7-7 13-13 9-9 16-16 IHl 13-14 I-I 81

N. Holiday 65_______________ 32°52' 131°58' 18.2 5-5 n 8-8 I 7-7 13-13 8-8 16-16 IHl ? ? 2-2 ---------
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6
22
1

23
23

5. Low anal-ray count.-The anal-ray count in
V. p011Je1'iae is the lowest of any·of the four species
of Vincig-u,e1'ria, and this spedes is the only one in
which the average number of anal rays is lower
than the average number of dorsal rays. The ray
~ounts of the Pacific material of Vinciguerria are
summarized in table 29.

TABLE 30.-Number of gill rakers on the first branchial arch
f:n three species of Vinciguerria from the eastern Pacific

6. Lmv gill-roJcel' count.-The Pacific specimens
of r. p011Je1iae 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 !;lpecimens of Y.
nimbaria and V. luaetia (table 30). It will be
noted that V. powmiae 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 Y.
nimbaria until midmetamorphosis or on the upper
limb until postmetamorphosis. The development
of the full set of gill rakers on the upper limb of
V.lucet·ia is even more delayed.

TABLE 28.-Comparison oj the number oj maxillary teeth in
three species oj Vinciguerria Jrom the eastern Pacific

TABLE 29.-Comparison oj fin-ray counts in three species
oj Vinciguerria from the eastern Pacific

I Jespersen and T'nlng (19211) report 3 to 4+11 to 12 gl1l rakers for juvenile
and adult material of lo'. poweria, from tbe Mediterranean.

Stage V. pOll/erfa, V. lIimbarfa V.luet/ia

Late larvaL _______ . ___________ 7-10 13-15 10-13
Prometamorpblc____ • __________ 8-12 14-19 1~16Mldmetamorpblc____ • __________ 8-9 11-13 1~20
Postmetamorpblc•....•, ____ . ____ 13-14 1~19 14-28

Stage l? pOUluioe l? lIfmbaria "".Iuutla
--
Late larva1. 00 __ ._. ___ .. _.

0+9-12 .. __________ 0+1H3 0+1&-1
Prometamorpbic. _. ______ 0-2+12.•. __ . ______ ~+13-14 0-4+16-
Mldmetamorpbic.... ___ .. ~+12--- __ ._____ 3-4+13-15 3-5+17-2
Postmetamorphic_______ ._ 3+12------ . __ . ____ 5+15 6-9+18-
Juvenile and adult._______ No data ' _________ 5+15 8-10+18-

Ir. pow,rioe V.lIimbaria V.luee/ia
Fin

Range Average Range Average Range Average
----------------- ---
DorsaL __ . _______ 14-15 14.50 14-15 14.09 13-16 14.59Ana1._____ . _______ 1~15 13.70 14-15 14.64 13-17 15. 14
PectoraL _______ .. 10 10.00 lU 10.00 10 10.00
VcntraL_ .. ____ ,. 7 7.00 7 7.00 7 7.00

2. Pigmentation of larvae.-In both localities,
larval pigment is cOI).fined to the centrally placed
caudal pigment spot.

3. Supra-a:nalst·rlwtu1'e.-The structure or spot
above the anal papilla was present in the material
from both ·areas.

4. Lo-w numbe1' of marlJillary teeth.-Jespersen
and Titning called attention to the fact that V.
po·wel'w.e 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 r. pO'we1iae 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. nimba'ria
than in V. po·we1'iae. Some OP 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 Vinciguerrla are sum­
marized in table 28.

The greater ranges in maxillary teeth shown for
the late stages of Y. 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.

TABLE 27.-Full complement oj photophores per Bide f:n three
species oj Vinciguerria Jrom eastern Pacific

[Figures In parentbeses indicate range)

V. poweria, V. flfmbarfa V. luretia
Pbotopbore

group
Average Range Average Range AverageRange
---------------

Orb and Op____ ._ 5 5.00 5 5.00 5 5.00SO _______________ 0 0 1 1.00 1 1.00Br. _______________ 8 8.00 8 8.00 7- 9 8.00Is ..______ . ________ 7 7.00 7 7.00. 6-8 7.00
Lateral:

(10-13)OV_. __ . _____ . __ (1~14) 12.96 (13-14) 13.08 11.33VA _____________ (9-11) 10.00 (10-12) 10.92 (9-12) 10.88
Ventral:

(13-16)IV______________ (1&-17) 15.96 (16-17) 16.08 14.33VA. ____________ (8-10) 9.00 (9-11) 9.92 (8-12) 9.89AC. _____ . ________ (13-15) 14.10 (I~15) 13.36 (I~16) 13.86------------------
Total num·

ber of
pboto-
pbores per

(81-84) ~02 (84-87) 94.36 (78-86) 81. 29slde.... _____
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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·formlng photophores in-

405

"'. poweriae l'. atknuata I \-'. nimbaria • 1-". lUCfltia ,

1---...,----1---,....---1 ~~~~~

Location of late·formlng photophores
Eastern Pacific Mediterranean I

Range Average
number

Range Average
number

Range

Average
number

Range Average
number

Range

---------·------'----1---------------------------------
Opercular. . .. . ._____ 1 1 1 1 _. __ • _
SymphyseaL . 0 0 0 I _
Lateral VA .. .. 1.70 (l-2) 2.05 (l-3) 3.93 (3-6) 3 (3) 3.10 (3-4)
Anal·CaudaL -------------------------- 1 1 ._ 1 --.-----.- 1 ---------- I ---------- 1 ----------

TotaL. . --3.7ii" :-:--:==--4~ ==:-:-I--s.93I"~ ---6 ~_:-:--6:10~==

I From Jespersen and TAnlng (1926) .
• From eastern Paclftc.

7. Late-forming p}wtophores.-V. poweriae has
t.he lowest. number of late-forming phot.ophores of
any species of Vincigue·rria. Available informa­
tion on late-forming photophores is summarized in
table 31.

At the initial formation of the photophores V.
powe:riae usually h~cks 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. poweriae in the number of late­
forming photophores: 3.7 as compared with 4.05.

Differences in pigmentation between pO'1.lteriae
and atte',,:uata on the one hand and lueet1..a and
'l1,lm.ba1·ia on the other have already been com­
mented on. Aside from pigmentation, the larva
of pou1er;ae is quite similar in appearance to that"
of lucetia,. however, the lnrvae 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 lengt.h,
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
JJoweriae 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 lncetia larvae of the same
standard length; and (3) t.he eye is smaller, at
least in width (the dimension taken).

TABLE 32.-StatiBtics dcscribing ref/rcssion of body meas­
urClllents on standard. lcllfJH~ tOl· lm·lltle of Hlree spe<.'ic8
of Vinciguerra

Body proportion Size range f i n b a 86'%

-- - -------
Head length: ~lm.

ltledia.. _. _________ 2.2-18.2 8.15 1.73 100 0.214 0.012 0.1219
nimbaria. _____ • ___ 5.4-16.0 10.34 2.08 30 .1119 .022 .1140
poweriu••. _______ 8.3-18.5 14.00 2.64 24 . ISO, .125 .1245

Body depth: .
ltlcd/a.... ___ •• __·__ 2. 2-18. 2 8.22 0.67 97 .098 -.137 .0771
nimbaria.•... _____ 5.4-16,0 10.32 0.89 32 .103 -.173 .1060
poweriae..... _. ___ 8.3-18.5 14.00 0.97 25 .082 -.177 .0033

Eruc~~~~~~~~ ______ 2. 2-18. 2 8.50 0.34 91 .039 .007 .0340
nimbaria.. _. ______ 6. 4-16. 0 10.95 0.43 27 .040 -.011 .0440pow8l'iu__ .. ______ 8. 3-18. 5 14.08 0.47 20 .031 .035 .0497

Snout to dorsal:
luce/ia.... __ ... ____ 6.6-18.2 11.08 7.01 57 .565 .739 .1887
nimbaria... _______ 10.'1-16.0 12.00 8.17 16 .574 .764 .1281
powcriae•• _. ______ 12.7-18.5 15.00 10.47 14 .539 1.896 .1725

Snout to anus:lucclia______ _______ 2.2-18.2 8.15 6.00 100 .734 .020 .2044
nimbar/a. _________ 5.4-16.0. 10.30 7.77 31 .731 .242 .1417
pou1triae.. -------. 8.3-18.5 14.00 10.62 25 .725 .468 .1893

Vinciguerria nimbaria (Jordan and Williams)

Zal,c/.rgcs nimbarh&s Jordan and Wliliams, il~ Jordan and
Starks, 1896. Proc~ed. .California Acad. Sci., Ser. 2.
vol. 5, p. 793, pI. 76 (origina I description) .

l"illcigllerrw nimbaria Gilbert, 1908. Mem. Mus. Compar.
Zool.. vol. 26. p. 237 (description emended). Hors­
burgh, 1935. Proceed. California Acad. Sci. (Ser. 4).
vol. 21, PI'. 230-231 (description emended, Banzoi placed
in s~·nonymy).

l'illciguerria. stl'llzoi Jespersen and Taning, 1919. Vidensk.
Medd. Dansk Naturh. l"oren., vol. 70, pp. 218-220, figs.
2,5 I original description). Jespersen and Taning, 1926.
Rept. Danish Ocean. Exped., 1908-1910, vol. 2 (Biology),
A12, pp. 23-29 (l'. illln:o-i compared with other species of
lTincigllerria) ..

?Gonostoma ruoIIl.ensis Waite, 1910. Trans. New Zealand
Inst.• vol. 42, p. 373, pI. 35, fig. 1 (original description).

Gilbert (1908) first called ,attention to an in­
accuracy in the original description by Jordan and
'Williams of Zala:rges nimbm'i1ls with regard to the
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FIGURE 28.-Regressions of head length and body depth on standard length of larvae of Vinciguerria pOlOeria.e. Regres­
sion lines (solid) were fitted by the method of least squares (see table 82 for statistics describing the regressions).
The broken line nbo'-e each regression is the cOlllparable regression line for r. lllcetia lan'lIe (see figs. 4 and 5).

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 ad·ipose fin und a pair of vomerine
teeth. Horsburgh also examined material of V.
8an:wi und concluded that it was identical with V.
nhnba1'ia.. 'We concur in this disposition of V.
Iwnzoi, as the Pacific material of r. nbnbal'ia ex­
amined by us agrees in all partieulars with the de­
tailed descriptions of larvae, metamorphosing in­
dividuals, and adults of V. 8(t:nzoi, as described by
Jespersen and Tuning.

V. nimbal'ia. is closely related to V. lueetia, 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. ni:mba'l'ia is an oceanic
species, occurring mainly to the west of 133° 'V.
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 .JolIn, another at
stat.ion 100.80 (:30001' N., 120°07' ·W.), but. these

are the o:lly 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. nbnbal'ia, because of the un­
certainty of distinguishing them from V. lttCetia.

. However, as no specimens of V. lucetla have been
taken to the west of 134° "V. longitude, there seems
to be little overlap in the actual distributions of
the two species.

We have assumed that egg,s and larvae occurring
in the area where later stages of V. nirnbal'ia are
found also belong to this spedes. Several collec­
tions contained larvae in various stages of develop­
ment together with metamorphosing individuals
a.nd juveniles of V. nhnbaria. This material has
been carefully examined to determine characters
that can be used to separate the eggs and larvae
of l1f,('eti~l and 'nbnba.l'ia. Measuremelits and meris­
tie counts on a4 specimens ident.ified as r. nhn­
ba·ria.larvae are given in table 33. Unfortunately,
the only valuable diagnostic cha.racters do not ap­
pear until near the end of the larval period. The
eggs of the two species are almost identical in ap­
pearance lind size, and both lack an oil globule.
One tenuous difference is in the alllount of
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FIGURE 29.-Distribution (occurrences) of metamorphosing, juvenile, and adult Vmo;'gllerria nimlJaria, based on
material studied from the eastern Pacific.

TABJ.E 33.-l\.leaslIrements and meristic counts of Vinciguerria nimbaria larvae .from the eastern Pacific

[BF-base formed; IT-urostylel

Body measurements (in mm.) Meristic counts I

StandardI
Qaudalfln Number Number

Area of gill of ver·
Head Eye Deptb Snout Snout rakers tebrae

len~th 1I!ng1;h width at to to Dor~a\ Anal Secondary OSSified
pectoral anus dorsal Principal

D V

----------------------------. ------------------------
31°09.5'~.. 148°24' W ________________ 5.4 1. 07 0.18 0.40 4.00 -~.-._.- ---.--- . . ------. 0 0 0 .~-------- --- ... ------23°45' ~ .. 150000' W _______ . __________ 5.4 0.94 .28 4.10 -. ------ --BF-- . ------- 0 0 0 -----.---- --_.------20003' N., 150°01.5' W ______ . _________ 6.0 1.19 ----.-26- .44 4.70 10 0 0 --_.-----. -_ ..... ----
19°57.5' N., 144°15' W ________________ 6.9 1. 45 .52 5.20 7 19 0 0 -----.---- ... -.------23°45' N., 150°00' W __________________ 7.1 1.49 .32 .56 5.35 8 BF 19 0 0 ---------- _.. _.. --_._-
23°45' N., 150°00' W __________________ 7.3 1.38 .51 5.40 ----- -- .. 8 BF 19 0 0 ... -.-.---. --- .. -..... _-
20°03' ~.,150001.5' W ______________ ._ 7.3 1.59 .24 .72 5.50 10 BF 19 0 0 ---------- ---.-._ .. --32"53' !II., 134°13' W ___ . ______________ 7.6 1.55 .68 6.00 /I BF 19 0 0 -_ .. _--- .. ~. ---_._----
31°11' ~., 145°10' W __________________ .8.0 1.4/1 .30 .60 6.05 i BF 19 0 0 ~---------

20°03' N., 150°01.5' \V ____ . __ ._.~ ___ ~_ 8.2 1.77 .32 .65 6.4/1 11 BF 19 0 0 -----0+8- -_._------
20°03' ~.,150001.5' W __________ •_____ 8.3 1.75 .66 11.40 10 BF 19 0 1 _._-------
20°03' N., 150°01.5' W ________________ 8.5 I. 79 .35 .S:! 6.50 10 7 19 1 1 0+8 ~-~-------23°45' ~.,150000' ·W __________________ 8.8 1.77 .. 35 .711 6.50 10 BF 19 1 1 0+8 --_.---_.-
31°09.5' '!II .. 148°2-1' W _____________ ..__ 9.1 1.24 .32 ." 7.05 10 BF 19 1 1 ---.------. ,- ·----0+8-23°45' ~., 150°00' W__________________ 9.2 1.84 .38 .79 7.05 11 4 19 1 1
31°11' !II., 145°10' W ________ .. _________ 9.4

---2~ii- ----~3if ----~79- ---7~OO-
. ---- _.- 12 8 19 1 1 0+8

23°4/1' ~., 141°06' W __________________ 10.1 tl. 70 12 9 19 il
1 0+10

19°57.5' ~ .. 144°11;' W ________________ 10. i 2.18 .42 1. 05 8.10 6.9.5 14 1:1 19 2 0+11
28°06.5' '!II., 1.51°25' W ________________ . 10.7 2.28 .53 1.10 8.20 6.90 13 11 19 1 0+10
20°03' ~., 15(1°01.5' W _____ . __________ I 10.8 .44 .91i -- ------ -------- 12 12

~~ I
2 .0+10

23°45' ~., 150°00' W __________________ 11.0 2.11 .36 .82 8.30 7.00 13 11 3 2 0+9
31°11' ~., 145°10' W __________________ 11.6 2.24 .4; .1/..5 8.85 7.40 13 13 19 2 2 0+10 ----27+li20°03' ~ .. 150001.5' ,,, ________________ 12.5 2.50 .51 1.21 9.20 8.00 13 14 19 4 3 0+11
28°06.5'~.. 151°21;' W ________________ 13.0 2.80 .54 1.28 9.50 8.00 13 12 19 4 3 0+12 31+U
31°09.5' N., 148°24' W ______________ ._ 13.1 2.50 .51 1. 21 9.85 8.20 l:j 12 19 4 2 0+11 22+U
31°11'~.. 145°10' W __________________ 13.3 2.53 .49 1.08 9.00 8.50 13 14 19 3 2 0+10 ----29+U23°411' ~., 141°06' '\' ___ •______________ 13.6 2.71 .46 1. l~i 10.0,5 8.65 14 14 19 2 3 0+12
2.1°40' X., 141°06' W __________________ 13.7 2.80 .52 1.11 10.31 8.50 14 14 19 4 4 0+12 2s+U
23°45' X., 15(1°00' W __________________ 14.1 3.00 .53 1.18 10.35 8.75 14 13 19 6 3 0+13 34+U
30°25' ~., 145°08' W __________________ 14.2 3.00 .60 1.53 10.50 9.10 13 14 19 5 4 0+13 38+U
31°09.5' ~., 148°24' W ________________ 1 14.2

---;:~-l----:::- 1.14110.851 9.00 14

I
13

I
19 4 3 0+13 35+U

19°57.5' N., 144°15' W ________________ 14.5 15 15 19 6 4 2+13 42
28°06.5' ~., 151°25' W ________________ 14.5 ---i~53' --ii~iiii- ---~._oo- 13 15 19 6 4 0+13 42
31°09.5' X., 148°24' ,,'________________ 16.0 3.08 .63 I. 39 11.95 10. 10 14 14 19 5 4 0+13 42

I

I No pectoral or ventral ray~ are formed during larval period. Larval pector~ls are present on all specimens and ventral buds art' developed on most speci-
mens over 10 mm. In length. . .
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TAlll.E 34.-Com-parison of number of gat rakers in larvae of Vinciguerria nirnbaria and V. lucetia from the ea.!tern Pacific

F. nimbaria "'. lu-rttia

Ruuge Averagc

Number of gill rakprsNumber of gill rakers
Number of1-----------,--------1Number of 1 ----,- •__
sp~cin_J~ns specimens

Rang~ A verllge

Standar<1lenj!;th

r.-6.9 mm ' __ . _ 4 0__ _ __ __ __ 0 . _
7-7.9mm______________________ 3 0 or nubs 0 or lIubs _
8-8.9 mm_ _ __ _____ 4 0+8 . ______ O+l<. _
9-9.9 mm __ .___ _ _ 3 0+8___ _____ _ 0+8 • ' _

10-10.9 mm . 4 0+9-0+11_ _ _ 0+9.9 _
11-11.9 mm_ ___ __ 3 0+9-0+10_ ____ __ ___ _ 0+9.7 _
12-12.9 mm __ • . .. __ 1 0+11_ _____ __ __ _ 0+11.. _. _
13-13.9 mm ._ _ __ __ 4 0+10-0+12__ _ __ ___ _ 0+11.2. __
14-14.9 mm • .. __ _ 3 0+13--2+13 • _ .7+13 _
15-15.9 mm • . _
lr.-16.9 mm_ ___ _ _ 1 0+13.____ _ __ _ _ 0+13 _
17-17.9 mm __ • . . . - . _

5 0 O.
5 0 O.
4 nubs 01·0+10 0+10.
4 n.1bs nnbs.
2 0+11 . 0+11.
5 0+11-0+13.. 0+12.
1 0+12 0+12.
3 0+13-0+15 0+13.7.
4 0+12-0+15 0+13.8.
2 0+14-0+17 0+15.2_
2 0+16.. 0+16.
1 0+16 0+16.

o
8
o

TABLE .35.-Nmnber of teeth per side in larval Vinciguerria
llimbaria

Metamorphosing and older individuals of Y.
ni·mba;ria are readily separable from specimens of
Y. lucetla on t.he basis of meltsurements and mer­
ist.ic _counts (tnble 36), and especially of photo­
phore counts (tnble 37). In addition to differ­
ences in number of gill rakers, there are differences
in the number of IV nnd OV photophores. Speci­
mens of Y. nimbaria have 16 (rarely 17) photo­
phores in the ventral IV group and 13 (rarely 14)
in the adjacent OV group. Occa-sionally, V.lttaetia.
may have as many ns 16 ventral IV photophores
and 13 OV photophores (8 specimens out of 586
studied), but the a.verage numbers in these groups
u.re oilly 14.34 and 11.34 photophores, respectively.
The few specimens of the two species tlutt have
ident.icnlnumbers of IV and OV photophores may
be separated by examining the gill rakers (tnble
30). The full complement of gill rll-kers in Y.
11hnba:;'ht is 5-6+ 15 in the material examined,
while in r. lncetia. the rnnge is from 8-10+18-23.
It will be noted thut Y. ni-mbm'ia nnd Y. l-ucet-ia
have identical numbers of lateral VA and ventral
VA photophores (table 27) . Both species average
about one photophore more per side in the VA

Maxlllary Mandibular Premaxlllary
Num· latpral

Standard. ber of
Ipngth sppci-

mpns Rang~ Aver- Range Aver- Range Aver-
age ·a.gc age

------------
:>-5.9 mm _____ 2 2-3 2.5 0 0 0 0
fHI.9mm _____ 4 3--6 4.8 I) 0 0 0
i-7.gnlm ___ ~_ 3 0 6.0 1-3 1.4 0 0
8-8.9 mm _____ 4 1-8 7.5 2-4 3.0 0 0
9-9.9 mm __ • __ 3 7-9 8.2 3-5 3.8 0 0

10-10.9 mm __ ._ 4 10-13 11.0 3--5 4.4 0 0
11-11.9 mm __ ._ 3 11 11.0 1Hl 5.2 0 0
12-12.9 mm __ ._ 1 13 13.0 1Hl 5.5 0 0
13-13.9mm ____ 4 11-13 12.2 4-8 6.0 0-2 1.
14-14.9 mm __ ._ 3 12-15 13.3 fH! 6.8 2-4 2.
16-16.9 mm ____ I 13 13.0 5-6 5.5 2 2.

pigment.nt.ion developed in late egg st.nges; in t.he
material examined, V. nimbal"ia has less pigment
on late-stage embryos. The size range of eggs
ident.ified as 17

• ·nhnba:ria. is from 0.64 t.o 0.72 mil­
limeter in diameter.

The pigmentat.ion of larvae of the two speeies
is so similar that we have found no diagnostic
differences. All of the pigment areas described
for Ti". l·ltcetia also develop on larvae of Y. ni1n­
baria. Since .Jespersen and Taning (1926) have
nlso described the pigmentntion of htrvne of Y.
sa'nzoi (=nhnbarla) , there cnn be no quest.ion
about the nccurncy of this observntion. In both
species the cnudal spot. is near the ventral margin. _
Bot.h specie!;! develop severnl pigment spot.s above
the anal fin, and also along the base of t.he caudal
fin rays. Morphometric measurements have not
shown any clear-cut differences in body propor­
tions. Two characters are useful in separat.ing
late-stage larvae: gill rakers and teet.h. As noted
previously, only the gill rakers on the lower limp
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
lat.e stage larvne of Y. nhnbm'/rt is 12 or 13, ns com­
pnred wit.h 15 or 16 on lnte-stage larvae of V.
lucet-h~ (t.able 34). V. lucetia usually has two
more gill rllkers at. initial formation during the
larval period and three more at. t.he beginning of
met.amorphosis t.han Y. ni-mbm'ia.

There are-more maxillary and mandibular t.eeth
on larvae of V. nim.baria than on larvae of com­
parable size of V. l-ltcet-ia (tables 8 and 35). Larger
larvne of Y. n-i-lnbal"ia usually have about. 2 more
maxillary teeth and 1 more mnndibular tooth per
side than do compa.rable-sized larvae of V. itwetia.
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groups than Y. pO'We1'iae. Tr
• nhnbar·ia, has 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. luoetia 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 Y. nimbQ;I'ia and V. lucetia.

V. n.im,baria averages nearly 1 vertebra more
than Y. lucetla. Of 16 c.1eared and stained speci­
mens of Y. '11bnbmia that. had t.he 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. lucetla is
from 39 to 42, with an average of 40.9 vertebrae.

Differences in body proportions between T'". nim­
bal'ia nnd V. lucetia are too slight to be of use in
separating the two species.

TABLE 36.-,""[ea8urements and meri8tic characters -in m.etamorph08ing, juvenile, and adult stages of Vinciguerria nimbaria
from. the ea8tern Pacific

Body mca~urements(in rom.) Meristic counts
--

Caudal Num- Num-
Area Deplh --- ber oC bcr oC

Stand· Hp!\d Eye at Snout Snout Snout Pec- ISecondary
gill verte·

ard 1engt1J width pec· to to to Dorsal Anal toral Ventral rakers hrae
length ventral dorsal anus Prin·toral

cIPall--
D V

------- ---- --------------------
rometarnorphic:
20°06.5' ~., 153°06' W _•• __ . 14.2 ------ 0.6~

-·-r~6-
.-.. ---- ----P.O· -------- 14 13 0 Bud_. 19 6' 4 2+13 42

19°57.5' N., 144°15' W •• ___ . 14.8 3.18 . 60 7 7 II. 0 14 14 0 Bud_ . 19 G 4 1+1:1 I 42
31°0\1.5' N., 148° 24' W ___ .•_ 15.1 3.28 .69 I. 37 &1 9.6 II. 3 13 14 0 5_____ . 19 7 4 2+:3 42
20°03' N., 150°01.5' W •.• ___ 15.3 :1.28 .66 1.43 8.2 9.8 II. 4 14 15 0 6______ 19 7 4 2+13 42
23°45' N ... lOOoOO' W ________ 15.3 3.23 .113 1.44 ~.O 9.7 II. 3 13 15 0 Bud __ 19 6 4 2+14 ~2
28°06.5' N., 151°25' W ______ 15.6 3.30 .77 I. 77 ":'.9 9.3 11.5 15 15 0 7______ 19 8 ·1 3+14 42
32°02' N., 140°55' W ____ •___ 17.5 -3:66- -':74- ---i:74- ----9:ii- .-~ ----- --.~- --- 14 15 I 7______ 19 8 4 2+14 43
31°011.5' N .• 130°59' W _•• _•. 19.4 12.2 14.2 14 14 I 7______ 19 7 4 2+13 42
Idrn~tamorphi~:

22°34' N., 154°01' W ___ • __ ., 17.3 4.00 1.14 2.36 8.2 9.7 11.4 14 15 10 ; ------ 19 8 4 4+15 42
23°45' N.~I50000' W _. ______ 17.6 4. '10 1.10 2.48 8.5 10.0 II. 6 14 15 10 ; ------ 19 8 4 4+14 42
22°53' N., 13~013' W ________ 17.9 3.92 1.03 2.28 8.8 10.2 12.4 14 H 7 7______ 19 7 4 3+14 41
o~tm~tam'rrhlc:
22°34' N., 154°01' W •• ______ 17.2 4.41 I. 36 2.82 8.2 9.7 11.5 14 15 10 i ______ 19 8 4 H15 ~2
23°40' N., 141°06' W ________ 18.2 4.55 1.19 2.63 8.5 10.0 12.0 14 15 10 7__ .. _._ '19 S 4 5+15 42

uvonile and adult:
19°~7.5' N., 144°15' \V._ ••• _ 2~.1 6.60 2.34 4.90 12.0 14.0 1r,.5 14 14 10 7______ 19 8 4 ·H15 41
20°03' N., 150°01.5' W _. _.• _ 24.5 6.50 2.23 5.10 1:1.0 13.9

---~::~-I .. ----~~- ---~~-I-----~~-
7______ 19 !\

41
5+15 4\

21°52' N., 133°51' W ______ ._ 30.0 i3:2S- -3:50- ---s:io- -7:::::: H15 -------'.Scripps Canyon____ ._•• ____ 48.0 2.~.n 28.8 ---- ..- 6+15 -----.-.

P

J

M

P

TABLE 37.-Nulllber of photophores -in metamorphosing, iuvenile, and adult stage8 of Vinciguerria nimbaria from the ea8tern
Pacific

[Both sides oC body givenj

-
Head Latemlrow Ventral row

Stand- -- Number Total
Station North West Ion· ard I Anal-caunal oC pholo. numberoC

latitune gltude I~ngth Orb OV VA IV VA CAC group) phores in· photo.
and So Br Is group group group group complcte phores
Op

------------------------------------
Prom~tarnorphic: Mm.

Chinook 14_______ •__________ 32°38'. _. 172°21'__ ._ 14.0 4-1

~I
8-8 7-7 13-13 8-8 16-16 1(}-1O 6+5-tl+A 6-6 83-84

Norp:lc 81.5 _____ •__________ 31°09.5' _ H8°2~' ____ 15.1 4-4 8-8 . 7-7 13-13 8-9 16-16 1(}-11 HA-H6 fHl 83-85
N. Holidny 56•. _____ •__ . ____ 28°06.5' __ 151°25'____ 15.6 4-4 8-8 7-7 13-13 8-8 16-16 I(}-IO 6+6-7+6 fHl 84-85
N. Holiday 61 •• ___ •_________ 32°02'_ -- 1~0055'____ 17.5 4-4 8-8 7-7 13-13 8-8 16--16 10-11 7+7-6H 6-7 86--87
Norpac 760 __ • ___ •__________ 31°OS.5'__ 130°59'____ 19.4 4-4 0 8-8 7-7 14-14 7-7 17-17 9-9 6+

7
-7+6.,

6-6 85-85
Mllirnetarnorphic:

Norpac 131.5_ ._______ •• ______ 22°34' __ - 150°01'_. -- 17.3 5-5 0 8-8 7-7 13-13 8-8 16--IA 1(}-1O 6+6-7+5 5-5 84-84
Norpac 13ID _____ .. __________ 23°45' ___ 150°00'_ - -- 17.6 4-4 0 8-8 7-7 1:1-13 8-8 16--16 I(}-IO 6+6--6+A lHl 84-84
N. Holiday 64_______ •_______ 32°53' •• - 134°\3'••• - 17.9 4-4

1

0
8-8 I 7-7 13-13 8-8 16--16 ](}-\O 6+lHl+6

1

lHl 84-84
Postmetamorphic:

Norpac 131.5 .•. ______________ 22°34'_ •• 150°01'_. __ 17.2 5-5 I-I 8-8 7-7 13-13 9-9 16--16 1(}-1O 6+lHlH 3-3 84-85
Norpac !280 ________________ 23°40' __ • 141°06'_ •• _ 18.2 5-5 0 8-8 7-7 13-13 9-8 16-16 1(}-1O 6+lHlH 4-5 84-85

Juvenilo and adult:Norpac 1550_________________ 19°57.5'_. 144°15'_. __ 2~.1

5-5 [
I-I

8-8 I 7-7 13-13 11-11 16--16 I(}-IO I
13-

13
1----------

114-84
Norpac 157D ________________ 20°03'_ -- 150°01. 5' __ 24.5 5-5 I-I 8-8 7-7 13-13 1(}-11 16-16 9-10 14-13 __________ 83-84
Norpac 14ID_. ______________ 21°52' __ • 133°51'. - -- 30.0 5-5 I-I 8-8 7-7 13-13 11-11 16-16 1(}-1O I 13-13 _________ . 84-84
Scripps Canyon ______ •______ 32°53'. -- 117°17'____ 48.0 5-5 I-I 1'-8 7-7 13-13 1(}-11 16--16 9-10 14-12 ___ • ____ ._ 83-83
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SUMMARY

The development of Vi'nC"i(/'ue't'l'ia lucetia, fam­
ily Gonostom.atidae, is tlescribed from the em­
bryonic to the ndult sta.ges. V.lw:etia is one of the
most abundant pelagic forage fishes in the enstern
north Pacific.

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

Postembryonic development has been divided
into six stages: larval, prometamorphic, midmeta­
morphic, postmetmnorphic, 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 tlepth, 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 standanl 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 standa.rd 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 haud, there is approxi­
mately a 10-percent decrease in distance from
snout to insertion of ventral fillS and from snout
to dorsal origin, and a somewhat greater decrease
in the distance from snout to anus.

Specimens of V. l1wetia 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 forination
is completed by the end of metamorphosis.

Tooth development is traced. from the larval

period through to the adult.. Maxillary, premax­
illary, nnd mandibula.r 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.

Phot.ophores develop during metamorphosis, at
first as whit.e photophores (prometamorphic
stage) then as pigmented funct.ional organs. Six
Or seven pa irs of photophores form late; two pairs
are usually added during the midmetamorphic
st.age, the remainder during the postmetamorphic
st.age. Photophore formation is completed and
all photophores al:e pigmented by t.he end of meta­
morphosis. Marked differences were found in the
average tot.al number of photophores per side in
different parts of the. range between 35° N. and
14° S. in the east.ern Pacific. Specimens from 30°
to 35° N. averaged nearly 83 photophores per side,
,,,hile speeimens obt.ained between 5° and 15° N.
averaged less t.han 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 collect.ions, V. luceNa. has been obtained be­
tween 35° N. and 14° S. lntitude and 78° and 134°
W. longitude.

Two other species of Vincigu,e1'l'ht have been
found to occur in the eastern Pacific: V. nhnba'ri.a
and r". p01Ve-l'iae. Both occur on the fringes of tho
area routinely snrveyed on CCOFI eruises, but
bot.h 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.

r: po"Wc"I'iae is rendily separated in the ndoles­
cent and adult st.ages by the absence of t.he sym­
physeal pair of photophores, which is developed in
lltoetia and ·nim.ba1'ia. The simplest character for
separat.ing late-larval, and early-metamorphic
st.ages of Y. pmvel'iae from the t.wo ot.her species is
pigmentation, espeeiall~y the mediolateral position
of the eaudal pigment spot. Measurement.s and
meristic counts are given for larvae and met.amor­
phosing stages of r'". pmvel'iae and for all stages
in the development. of Y. nimbaria.
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V. nimba1'ia can be rather easily separated from
V. lttce#a 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.­
ba1-ia than on la.rvae of V. lucetia. of comparable
SIze.
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APPENDIX

Measurements of individual specimens of Vinci­
guerria lucetia are given in the following five tables.
The different stages of development are presented

in separate tables with the exception of juvenile
and adult stages, whic.h are c.ombined in one
tabl~.

ApPENDIX TABLE I.-llt/easurements (in mm.) of lart.ae of Vinciguerria lucetia from the eastern North Pacific
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Station North West Standard Head Eye Depth at Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

5106-107.40__ • _••••••• _. ___________ • _•.• _•. 30°23' 116°46' 2.24 0.38 0.10 0.14 ---.-------- ------------ 1.355106-120.110____ • _. __ •__________ •_____ •.• _. 25°38' 119°44' 2.37 .43 .12 .16 ---.-------- -----.----.- 1.665106-120.110 ____ •.•. _. ________________ . _•.. 25°38' 119°44' 2. 42 .43 .12 .18 ------------ - -- - - ~ --- --- 1.655106-12i.40. ___ •••• _. ______________ • _•.• _._ 26°40' 114°31' 2.45 .38 .12 .18 ---.---.-.-- -----.-.---- 1.665106-120.110 ____ ••• _________________ •_••• __ 25°38' 119°44' 2. 47 .43 -----.-.---- .18 -.-.-.-.-.-- -----.------ 1. 805106-120.110•• __________ •_. _•••••• _. _______ 25°38' 119°44' 2.47 .43 ----··-·.-io- .18 ---.-- .. -.-- -----.------ 1.695100-127.40,. __________ • __ •• _•.•• __________ 26°40' 114°31' 2.60 .50 .21 ---.-.-.-.-- -----.-.---- 1.605106-127.40. ____________ • _•••• _. ___________ 26°40' 114°31' 2.60 .50 .12 .14 ------------ -----_ .. _-_. 1.695106-107.40 __________ •_•• _•••• ________ . ____ 30°23' 116°46' 2.62 .49 .14 .18 ------------ --------_ ... 1. 70510&-12i.40 __ " _____ ••.••••••• _____________ 26c40' 114°31' 2.75 .49 .10 .16 ------------ --------_ ... 1.805105-137.60___________ ••• _••• _____________ • 24°21' 114°40' 3.00 .61 .. ~. -- - _.. -- .19 ------------ ----------_ . 2. 055106-107.40. _________ • _••••• _. __________ • __ 30°23' 110°40' 3.00 .61 .14 .18 ------------ ----------_. 2. 055106-107.40 _________ •••••••• _. __________ •_. 30°23' 110°46' 3.05 .63 .14 .21 ------------ -- -- -- - - - - ~- 2. 085105-137.60. ________ •_.•••• __ • __________ . _. 24°21' 114°40' 3.50 .70 ------------ .23 ------------ -- -- -- - ~ --~- 2.555106-120.110.. _______ •••••• _•• __________ ._. 25°38' 119°44' 3.50 .70 .16 .21 ------------ ------------ 2. 475106-107.35. ___ ••••_. __________ • _' •• '. _____ 30<31' 110°25' 3.51 .61 .14 .18 ------------ ------------ 2.475106-120.110__ " _____________ •_""' .• ___ ._ 25°38' 119°44' 3.70 .79 .18 .26 -----~ ------ ------------ 2.755106-12i.40. __ " _. _____________ ••• _,_, _____ 26°40' 114°31' 3.75 .79 .14 .23 -------~ ---- -.---------- 2.705106-120.110••• , _•• _________ •••••••. _. _____ 25°38' 119°44' 4.00 .70 .16 .26 _.------._-- ---._------- 2. 545106-107.35. _", _____________ ._•••• ________ 30°31' 116°25' 4.05 .70 .14 .18 _.---------- -----.------ 2.905106-107.40. _'" ____________ "" _•. ________ 30°23' 116°46' 4.10 .88 .18 .33 ------------ -_ .. _------- 2. 955106-130.90_ ••.• ___________ ••.•• _. ______ . __ 24°27' 117°18' 4.25 .79 .18 .26 ----- .. _---- -_ .. -.------ 3.155106-107.40.•••• ___________ •••••••• _____ •__ 30°23' 116°46' 4.25 .89 .18 .26 -------_._-- --_._--.---- 3.205103-120.110. _•• _•• _______ ._ ••••••• __ •___ ._ 25°33' 119°44' 4.60 .88 .18 ··------.-39- ~ -~--------- ~- --_. -- ---- 3.305106-12i.40.•_______ • __ ••••••• __________ •__ 26°40' 114°31' 4.75 .91 .19
~------. _. -- ------------ 3.555106-12i.40 _________ •• _•.•• _. __________ •• __ 26°40' 114"31' 4.75 .92 .18 .35 ------------ -~ ------ ---- 3.505106-130.90 _______ • _•••••• ________ •_. __ •••• 24°27' 117°18' 4.75 .95 .18 .35 ------------ - -- - - - ~~ -. -- 3.655106-130.90______ •• _••••••• _______ ._._ •••.• 24°27' 117°18' 4.90 1.00 .18 .35 ------------ -------~---- 3.605103-120.110___ •_. __ •.••••• _______ • _. __ •• _. 25°33' 119°44' 5.00 1.00 ··-·-···:is- '--"-'-:34- ------------ ------------ 3.755106-12i.40 _____ •• _•• _•••• ________ • _••.• _.• 26°40' 114°31' 5.00 .95 ------------ -----------. 3.755106-130.90____ • _. _•• _•••• _______""'" ___ 24°27' 117°18' 5. 15 1.15 .21 .35 ------------ ------------ 4.055106-130.90____ • _. _•• _•• _______ • _•.••• _____ 24°27' 117°18' 5.25 1.14 .21 .40 ------------ ------------ 3.855106-130.90 ____ •.• _•• __ • _____ .••.•• _. ___ . __ 24°"'" 117°18' 5.35 1.20 .23 .35 4.10M' ------------ ------------5106-127.40.• _______ •• _. _•• _. ______ '. ______ 26<40' 114°31' 5.45 1.15 ----- -- -~--- .31 ------------ ------------ 4.05009-70.145. ___ •••••••••••••••••• ______ •.• _ 33°06' 128°20' 5.80 1.40 ··------::ii- .40 ---.-----.-- -- --- - - - - ~ -- 4.35105-137.60.•________ ••• _•• _. _______ •.•. _._ 241)21' 114°40' 5. 80 1. 22 .43 ------------ -- ----~----- 4.35009-70.160 ________ ••••• _. _______ •_. __ . ____ 32°40' 129°24' 5.85 1.36 ·------·:23· .39 ------------ ------------ 4.45510&-127.40. _________ •_•••• _. ____ •_'. _. __ ._ 26°40' 114°31' 5.95 1.28 .39 ------------ ------------ 4.3510&-130.90 ________ •••••• ________ • ____ •____ 24°27' 117°18' 6. 00 1.45 .28 .49 ------------ -.----_.-.-- 5.25105-137.60 ________ ••••••• _______ •___ •. _, __ 24°21' 114°40' 0.25 1.30 .24 .46 ------------ ------~----- 4.65106-130.90 ________ ••.•• _________ •• _. ______ 24°27' 117°18' 0.25 1. 35 .23 .47 ------------ ------------ 4.5106-107.35_. _____ ••••• _________ •••• _______ 30°31' 116°25' 6.50 1.30 .26 .43 ------------ ---. --~ -_. -- 4.95106-120.110__ •___ .•• _. __________ •• _. ______ 25°38' 119°44' 6.65 1.50 .26 .47 ------------ 4.50 5.05106-130.90 ___ •.•• __________ •.•• _________ •• 24°'1:1' 11ioI8' r,85 1.50 .28 .52 ---------.-- 4.50 5.5106-130.90 ___ '" __________••.• ___________ • 24°27' 117°18' 7.25 1.50 .28 .52 ---.-------- 5.00 5.5106-123.40 __ •• __________ •_•• ____________ •• 27°18' 114°52' 7.30 1.53 .28 .52 ._---------- -- -- - - - - ~ --- 5.55106-130.90 __ ",,__________ •• _. __________ •. 24°27' 117°18' 7.40 1.60 .26 .50 --~ --_. ----- 5.00 5.5009-70.145__ •• ' •_____ •____ •• _. ___________ . 33°06' 128°20' 7.45 1.70 .32 .54 .. ------_.-- 5.00 5.5106-107.40__ •• _. __________ •• _. __________ •. 30°23' 116°46' 7.50 1.60 .30 .52 -------.--_. 5.00 5.5105-137.60. _•• __________ ._ •..• ________ •__ • 24°21' 114°40' 7.60 1. 55 .30 .63 -------.-.-- 5.00 5.95106-93.90 30°50' 121°34' 7.70 1.60 .30 .52 ._-------.-- 5.00 5.

5106-107.35::::::: ::::::::::::::::::~:~:::: 30°31' 116°25' 7.75 1.65 .30 .52 ------------ 5. 00 5.85009-70.160_______ .••• ____________ •• _______ 32°40' 129°24' 8.10 1.80 ------------ .55 --- - -. - ~ ---- 5.25 6.5009-70.160. ______ . __ •• ____________ • _. _____ 32°40' 129°24' 8. 25 1. 95 .30 .65 ------------ 5.45 6.5009-70.145. _______ •.. ____________ •_. ______ 33°06' 128°20' 8.30 2.00 .35 .70 -- - - -- -_. -~- 5.75 6.25106-130.90_____ • __ •_. _____________ •_. _____ 24°27' 117'18' 8. 45 1.85 .32 .70 -------- --~- 5. 75 6.35106-93.90. _______ •• _. _. __________ '" ______ 30°50' 121°34' 8.45 1.95 .35 .74 ----------_. 5.30 6.5106-93.90. _______ ._ ._. _____________•.• __ ._ 30°50' 121°34' 8.50 1.85 .35 .66 ----------_. 5. 50 6.35106-107.40________ • ___ . _________ • _. _______ 30°23' 116°46' 8.75 2.02 .30 .70 ------------ 5.50 6.5106-93.90. ________ •__ •. __________ ._ •.• __ ._ 30°50' 121'34' 8.80 1.95 .37 .68 -----------. 5. 60 6.35106-107.40.• ______ •____ • _. ________ •••• __ ._ 30°23' 116°46' 8. 90 2.00 .32 .70 ---------~ -- 5. 75 6.55009-70.145____ . _. _______ '. ____________ . __ . 33°06' 128°20' 9.15 2.15 .38 .78 ---. -. -~ ---- 6. 30 7.05106-93.90.• __________ . , ___________ .' ____ ._ 30°50' 121°34' 9.30 2.20 .37 .79 ---.-------- 5.80 6.7.5106-93.90. _________ . ________________ •_____ 30°50' 121°34' 9.50 2.05 .35 .80 ------------ 6. 25 7.25103-120.110_______ ._ •__ •_________ . _..•____ 25°33' 119°44' 9.60 1.87 .35 .79 --- _. -~ --~ -- 6.25 7.15106-93.90_. _______________ •________ ._ .. _._ 30°50' 121°34' 9.65 2.20 .40 .79 --- - -- ~ ---_. 6.25 7.05009-70.145. ________ . _.• ____________ •__ . ___ 33000' 128°20' 10.15 2.40 .40 .85 ----~ ----. -- 0.55 7.75105-93.80. _. ___ • _. __ •__________ •___ .• _____ 31°10' 120°54' 10.35 2. 25 .35 .88 ------------ 6.50 7.5009-70.145_________ ._. ____________ •. ______ 33°06' 128°20' 10.50 2.50 .40 1.00 ------------ 6.75 7.95011-133.60_______ •__ • ___________ . _•.• _____ 24°53' 115°10' 10.65 2.40 .47 1.05 5.50 6.60 8.0510&-93.90. _______ •__ •__________ .. ,. _______ 30°50' 121°34' 11.25 2.40 .50 .96 ------------ 6.95 8.35009-70.160. _. __ •________ . _, .• __________ . __ 32°40' 129°24' 11.30 2.55 .47 .91
.~-_. ------- 7.75 8.5009-70.160__ •_. ___________ •_•• _. __________ 32(40' 129°24' 11.35 2.60 .50 1.00 ------------ 7.25 8.45106-93.90 ____ .• __________ • _.• _. ___________ 30°50' 121°34' 11.35 2.60 .50 1.05 ------------ 7.00 8.5106-93.90___",________ •_•••••• ___________ 30°50' 121°34' 11.36 2. 35 .52 .89 ------------ 7.30 8.2

413



414 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

ApPENDIX TABLE 1.-lIfeasurements (in 11Im.) oj larvae oj Vinciguerria lucetia Jrolll the eastern North PadfiL~Colltinued

Station North West Stand,ud Head Eye Depth at Snout to . Snout to Snout to
latitude longitudc length length width pectoral ventral .1orsal anus

5106-107.40 ____________________ •_____ • _. ___ 30°23' 116°40' 11.55 2.30 0.42 .80 ------------ 0.75 7.855009-70.145 __________________________ . _____ 33°06' 128°20' II. fl(1 2.50 .50 .95 ------------ 7.25 8.55
5106-107.3.~________________________________ 30°31' 110°25' 11.60 2.35 .42 .91 -----------~

;.25 8.3551011-107.35____ .. __________________________ 30"31' 110°25' 11.70 2.39 .40 .80 -----------. 7.50 8.605009-70.160 ____ .. __________________________ 32"40' 129°24' 11.75 2.70 .50 1.00 _____ 4 ______ 7.35 8.655009-70.160 ____ . __ •.• ______________________ 32°40' 129°24' 11.90 2.70 .57 1.05 ._---.-----. 7.40 9.005009-70.145 ___ ...• __ . ______________________ 33°06' ' 128°20' 12.05 2.75 .50 1.15 6.25 7.75 9.0115100-107.31i. _________________ • _. __ •_____ . __ 30°31' 110°25' 12.20 2.00 .49 .90 6.00 7.25 9.00510&-107.80 __________________ • ____ . _. _. ____ 28c ,l)4' 119°18' 12.80 2.70 .49 .96 6.50 8.00 9.405011-130.110_________________________ • __ • __ 23°57' 118°33' 13.20 2.89 .65 1.30 ---.-------- 8.05 9.205011-133.60 ________________________ . _. ____ • 24c 53' 115°10' 13.30 2.90 .51 1.17 ---.-._- .. -- 8.20 9.655009-70.145__________________ •.• ____ . ______ 33°06' 128°20' 13.40 2.75 .50 1.20 6.75 8.40 10.005106-93.90_______________ •___ • ____ .. _. __ • __ 30°50' 121°34' 13.50 2. i5 .52 1.14 7.00 8.40 10.004909-81.107 _____________________ • ____ • _____ 32°22' 124°13' 13.60 2.86 .52 1.10 ---.-.---.-- 8.30 9.805009-70.145 _______________________ • __ • _____ 33°06' 128°20' 13.75 3.00 .60 1.35 6.90 8.50 10.055011-133.60 _________________________ .. _____ 24°53' 115°10' 14.35 3.10 .M 1.30 7.35 9.00 10.704909-102.74 ________________________________ :290 53' 119°29' 14.70 3.20 .65 1.40 ----- ------- 9.00 10.604909-71.85_________________________________ 34°54' 124°06' 14.80 3.07 .63 I.M .~ --- - -- ---- 8.90 10.504909-81.107 _______ .. _. _____________________ 32"22' 124°13' 14.80 2.88 .61 1.40 ----_._----- 9.30 10.804909-81.107 _______ . __ •____________________ . 32°22' 124°13' 14.80 2.94 .60 1.28 ------------ 9.10 11.005011-133.60 ________________________________ 24°,1)3' 115°10' 15.20 3.20 .56 1.30 7.80 9.00 11.104909-70.95________ • ________________________ 34°42' 124°48' 15.50 3.10 .60 1.50 7.60 9.50 11.204909-102.74 ________________________________ 29°53' 119°2\1' 16.20 3.43 .66 1.60 _._------.-- 10.20 11.654909-80.147 _. ___ •. _________________________ 31°10' 127°08' 17.20 3.30 .60 1.60 ---------.-- 10.40 12.504909-70.115_______ • ________________________ 34°19' 121\°18' 18.20 3.60 .65 1.60 9.00 II. 25 13.10

ApPENDIX TABLE 2.-lIleasurelllents (in 11Im.) oj prometamorphic-stage specimens of Vinciguerria lucetia from the eastern
North Pacific

Station North West Standard Head Eye Dept.h at Snout to Snout to Snout to
latitudc longitu,:!c length length width pectoral' ventral dorsal anus

-----
5103-157.30•• ___ . __________________________ 21°53' 110°35' 13.2 2.75 0.56 1.28 6.1 8.0 9.4
51O~-140.60__________________ .___ .. _________ 23°50' 114°14' 13.8 3.00 .60 1.66 7.1 8.4 10.05103-157.30________________________________ 21°:;'1' 110°35' 14.2 2.97 .58 1.42 8.1 8.8 10.35103-150.60.. _______________________________ 22°04' 113°18' 15.2 3.25 .58 1.69 8.0 9.7 11.25103-157.10________________________________ 22°33' l()Q°23' 15.5 3.15 .55 1.50 7.5 9.5 11.0Shellback 13___ •__________________________ 18°06' 124°14' 16.0 3.50 .70 1:40 7.5 9.8 11.25011-133.60__ • ___ . _________________________ 24°53' 115°10' 16.0 3.25 .75 1.50 8.1 9.8 11.25011-133.60________________________________ 24°53' 115°10' 16.1 3.•l0 .58 1.:l5 8.1 10.0 11.75011-130.110_______________________________ 23°57' l1S033' 16.5 3.76 ..79 1.95 8.4 10.1 11.85205-110.90________________________________ 28°0\' 119°30- 17.0 3. foO .65 1.40 8.0 10.0 11.84909-102.74 ___________________ . ___________ . 29°:;'1' 119°~'9' 17.0 3.68 .68 I. 70 8.4 10.6 12.2·1909-71.85_. _______________________________ 340 M' 124°00- 17.2 3.82 .70 1.87 8.8 10.7 12.4
4909-81.107__ .. __ . _________________________ 32°22' 124°13' 17.3 3.80 ,79 1.71i 8.8 10.6 12.45009-70.190. _______________ • ___________ . ___ 31°35' 131°29' 17.6 3.65 .75 I. 70 8.4 10.5 12.2
4909-71.85 ______________ .. ___ .. __ .. ________ . 34°54' 124°06' 17.8 3.68 .74 't 80 9.3 10.9 12.84909-71.85_. _______________ .. ______________ 34°54' 124°00- 18.0 3.90 .84 1.95 9.2 11.0 12.9
4909-80.147______ ._. __ • _.. _.. ______________ . 31°10' 12;°08' 18.1 3.75 .75 2.00 9.1 11.4 13.24909-80.147. _______________________________ 31°10' 127°08' 18.2 3.80 .72 1.80 9.0 11.2 13.1
4909-70.95. _____ • ____________________ . _____ 34°42' 124°48' 18.3 3.60 .70 1.80 9.0 11.5 13.2
4909-102.94 ________ • __ .. ___________________ 29°10' 120°48' 18.9 3.76 .80 1.84 9.0 11.2 13.04909-81.107. ____________________ . __________ 32°:22' 124°13' 18.9 3.90 .75 I. 76 9.5 11.4 13.4N. Holiday 66____________________________ 32°39' 129°41' 19.2 3.55 .80 I. 70 9.3 11.5 13.2

ApPENDIX TABLE 3.-lIfeasllrements (in mm.) oj midmetamorphic-stage SptCimlns oj. Vinciguerria lucetia .from the eastern
North Pacific

Station Nort.h Wcst Standard Head Eyc Depth at Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

Shellback 13_. _________________________ .. __ 18°06' 12-:1°14' 13.5 3.15 0.56 1.60 6.6 8.2 9.6Do __ .___________ .. _____________________ 18°06' 124°14' 13.8 3.25 .66 I. 77 6.5 8.1 9.1Do __ ., ________________________________ 18°06' 124°14' 13.8 3.35 .66 1.67 6.8 8.4 9.5
5011-153.50____________________________ • ___ 21°47' 112°14' 14.1 3.34 .72 1.33 6.8 8.5 9.5
5011-140.60.. __ . ___________________ -0 ______ 23°46' 114°18' 14.2 3.46 .75 2.02 6.7 8.2 9.4
5106-157.10•• ____________ • ____ •_________ . __ 22°33' 109°~' 14.3 3.41 .77 2.10 6.8 8.2 9.5
5401-143.30. _____________ • __ .. ______ . _. __ . __ 24°13' 112°04' 14.3 3.51 .72 2.11 6.8 8.4 9.4
5106-157.40 ________ ... ____ .. __ .. ____________ 21°32' 111°14' 14.6 3.30 .61 1.61 7.0 8.6 9.9
5011-153.50________________________________ 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 1.12 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 8.8 10.0
5106-157.10__ . _____________________________ 22°33' 109°23' 15.2 3.41 .70 1.85 7.0 8.9 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' Iii. 4 3. iii .68 2.05 7.5 9.1 10.5
5112-120.60________________________ . _______ 27°13' 116°32' 15.5 3.33 .65 Ul2 7.4 9.2 10.5
5106-157.50__ . _____________________________ 21°12' 111°5:2' 15.6 3.64 .70 2.05 7.2 9.0 10.2
5106-157.40. _., ____________________________ 21°32' 111°14' 15.7 3.36 .58 I.SO 7.2 9.4 10.4
Shellback 13.. ____________________________ 18°06' 124°14' 15.8 3.55 .78 1.95 7.5 9.2 10.4
5106-157.40. __ •__________ . _________________ 21°32' 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' 116°32' 16. 5 3.64 .74 2.10 8.0 10.0 10.9
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ApPENDIX TABI,E 3.-Measurements (in mm.) of midmetamorphie-stage specimens of Vinciguerria Ilicetia from the eastern
North Pacific-Continued
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Station North West Stand'"'d Head Eye Depth at Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

5011-133.60_. _______ • _.___________ • ____ • ___ 24°53' 115°10' 16.6 3.75 0.80 1.95 7.9 9.8 10.51011-157.40_______________________ • __ . _. ___ 21°32' 111°14' 16.7 3.55 .61 1.82 8.2 10.0 11.5104-100.100. _______ •_____________ • ____ • ___ 29°20' 121°28' 16.9 4.00 .91 2.36 7.8 9.5 10.5:002-120.60_______ . _______________ •________ 27°13' 116°32' li.2 3.55 .99 1.87 8.0 10.4 10.5009-00.145__________________ . ____ •________ 29°32' 125°40' 17.2 3.64 .70 1.82 8.0 9.9 11.4911-92.137. _________________ . ____ •________ 29°34' 124°52' 17.3 3.90 .79 1.80 8.2 10.1 11.4911-80.147_•_____________________ •________ 31°11' 12;°03' 17.4 4.00 .88 2.16 8.4 10.1 ------_._---4911-123.63 ______________ •. _______ •______ ._ 21)°40' 116°28' 17.5 4. ~'9 . 1.00 2.24 8.2 9.9 11.4910-70.115____________________ . __ •________ 34°07' 126°17' 17.6 3.80 .84 2.08 8.4 10.0 11.5108-100.60. _______________ . ______ • ________ 30°41' 118°48' 17.7 4.00 .77 2.39 8.6 10.5 12.4911-80.137•• _____________________ • ______ ._ 31°29' lWo2Q' 17.7 4.00 .89 2.26 8.6 10.1 11.4909-80.147. ___________ . __________ . ____ • ___ 31°10' 127°08' 17.8 4.00 .88 2.20 8.5 10.5 11.5011-133.70_______________________ •________ 24°35' 115°40' 17.9 3.85 .70 1.95 8.0 10.6 12.4911-80.137 _______________________ •________ 31°29' 126°20' 17.9 4.02 .96 2.34 8.5 10.0 11.4911-102.74___ . ______ .. _. _. _______ •________ 29°56' 119°29' 17.9 3.95 .82 1.85 8.2 10.8 12.Shellback 13__ •. ___ .. ____________ •________ 18°06' 124°14' 17.9 4.00 .86 1.95 8.6 10.4 12.4909-80.147_. _____________________ • ________ 31°10' 12io08' 18.0 3.90 .88 2.30 8.8 10.6 12.5009-70.190__ .___________ • ___ • ____ •________ 31°35' 131°29' 18.0 3.80 .85 2.30 8.4 10.5 1~.
4908-123.7~______________________ •________ 20°16' 117°03' 18.2 4.00 .68 2.08 8.9 11.0 12.4909-80.147. _. ____________________ • ________ 31°10' 12;°(18' 18.2 3.75 .88 2.26 8.8 10.4 12.
5110-107.40. _ 300OS' 116°48' 18.4 4.10 .77 2.13 9.0 11.0 12.
4911-80.137. __ ::::::::: :::::: ::: ::::::::::: 31°29' 1~'fl°2O' 18.4 4.03 .79 2.21\ 8.9 10.8 12.4909-80.147. ___ •_______ • __________ •________ 31°10' 127°08' 18.6 3.90 .80 2.18 9.1 11.1 12.4909-80.147_________________ ••. ____________ 31°10' 12;°(18' 18.7 4.00 .~6 2.30 9.0 11.1 12.
4909-80.147•. ________ 31°10' 12;°08' 18.7 3.90 .80 2.10 9.1 11.5 13.
4909-80.147. __________ :::::: ::::::::::: :::: 31°10' 127°08' 19.0 3.90 .82 2.20 9.3 11.5 13.5110-107.40. ________________ .• _____________ 30°08' 116°48' 19.2 4.10 .77 2.21 9.2

I
11.4 13.

ApPENDIX TABLE 4.-lIfeasurements (in 11I11I.) of postmetamorphic-stage specimens of Vincigllerria Ilicetia frolll the eastern
Pacific
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Station Latitude Longitude Standard Head Eye Depth at Snout to Snout to Snout to
length lenjtth width pectoral ventral dorsal anus

--------------------- ----------- --------------
5103-157.10 _________ •_________ • ___ • _.• _. ___ 22"33'N. l00023'W. 13.2 3.50 0.90 1.92 6.3 7.8 8.9
5110-127.50. ________ • __ •____ •_. _. _., _. _____ 26°24'N. 115°OS'W. 13.2 3.46 .90 2.05 6.3 7.6 8.85011-150.100 _____________ •________ ._._ .. ___ 20041'N. 1I5°40'W. 13.7 3.55 .97 2.20 6.5 7.7 8.95011-140.70 ____ •______ •• _. _, ______ • ___ • ____ 28°25'N. 114°55'W. 14.0 3.90 1.15 2. 35 6.8 7.8 9.0
5201-137.50 _________ • _______ . _. __ .. , _. _. ___ 24°41'N. 114°02'W. 14.3 3.90 I. ()II 2. 21 6.7 8.1 9.2
5011-157.30 ________ ••• ________ • __ •• __ • _____ 21°52'N. 110038'W. 14.5 3.80 1.07 2.21 6.7 8.2 9.2
Shellhack trawl 10 _____________ ._. __ •_____ 12°07'N. 106°03'W. 14.7 4.05 1.17 2.65 i.1 8.5 9.2
5011-153.50 ____ •____ .•_. _. ________ • ___ •• ___ 21°47'N. 112°14'W. 14.7 3.79 1.18 2.31 7.0 8.5 9.6
5106-153.20 ____ • ____ . __ •________ •_. ____ • ___ 22°48'N. 11Oo22'W. 14.8 3.87 1.00 2.13 7.0 8.2 9.6
5011-140.70. __ .• ____ . ___ •• _._. ________ • ____ 23°25'N. 114°55'W. 15. 2 4.00 .95 2.15 7.0 8.4 9.9
5011-150.110 __ . _________ .. _._. ________ . ____ 20021'N. 116°li'W. 15. 2 4.15 1.30 2.45 7.3 8.6 9.8
Shellback trawl 16_. ___ .... _. ______ ._. ____ 12°07'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 3.95 1.08 2.30 7.1 8.6 9.8
51011-153.20 ___ •• ________ .• , __ •________ • ___ . 22°48'N. 110022'W. 15.8 3.9i 1.00 2.18 7.4 9.0 10.2
5401-147.30___ • _____ •. _•______ • ___ . __ • _____ 23°38'N. 111°4i'W. 15.9 3.9i 1.13 2.60 7.4 8.9 10.2
5011-157.20 _________ • _____________ ." _. _____ 22°13'N. !IUoOO'W. litO 4.08 1.04 2.39 7.2 9.0 10.3
5011-Sp __ ... ______ ... _. ________ . __ •_. _. _____ 24°18'N. 112°30'W. 16.0 4.18 1.10 2.64 7.4 8.8 10.3
Shellback 88 ___ . ___ • __ •______ ._._ .. _______ 04°12'S. 96°07'W. 16.0 4.05 1.11 2. 50 7.5 9.0 10.35011-153.50 _______ .• ___ •______ . __ •_________ 21°47'N. 112°14'W. 16.2 4.05 1.18 2.54 7.5 9.1 10.2
5011-150.25 ________ • __________ • __ •_________ 23°12'N. !I5°40'W. 16.3 4.25 1.28 2.56 7.7 9.4 10.45011-137.40. ______ . ______________ •_________ 25°00'N. !I3°23'W. 16.3 4.20 1.23 2.55 7.7 9.2 10.4
5011-157.20 _______ •_•• _. ______ • ___ • ____ • ___ 22°13'N. 1100oo'W. 16.4 4.20 1.07 2.60 7.7 9.4 10.0
5010-70.130. _______ • ___ •______ . _•• _________ 33°33'N. 12ioI6'W. 16.4 4.41 1. 21 2.64 8.0 9.4 10.84910-124.83 _____________ • ______________ . __ . 25051'N. 11 i03i' \V • 16.6 4.40 I. 43 3.10 8.0 9.2 10.6oOl1-Sp _________ . _____ • __ . _______ • __ ••. ___ UOI8'N. 112°30'W. 16.8 4.25 1.15· 2.59 7.7 9.2 10.8
5501-117.35___ •• _________ •______ . _. ________ :!S°39'N. 115°17'W. 16.8 4.38 1.21 2.54 8.0 9.4 10.9
Shellhack 13_. __ . ______ • __ . _________ • _____ 18°06'N. lUoI4'W. 17.0 4.35 1. 35 2.70 8.0 9.5 11.0
4910-82.87____•. ________ • ___________ .• _____ 32°57'N. 122°47'W. 17.0 4.35 1.10 2.36 8.0 9.5 10.8
Shellback 83 __________ ..________ .. ________ Ooo53'N. 9io12,\\r. 17.0 4.35 1.29 2.70 7.8 9.5 10.9
5401-130.35_________ • _.• ___________________ 26°19'N. 113°48'W. 17.2 4.45 I. 31 2.55 8.0 9.6 11.1
4910-102.84 ___ •• ____ • _. __________ •________ . 29°35'N. 120008'W. 17.2 4.45 I. 22 2.90 8.0 9. o' 11.1
5009-70.235 __ •• ___________________________ • 30002'N. 134°23'W. 17.2 4.23 1.03 2.51 8.2 9.8 11.15002-110.80_____________ • __________________ 28'10'N. 118°5ll'W. 17.4 4.75 1.20 2. 69 8.1 9.6 11.0
5401-130.35.. ____________ • __ •________ . ______ 26°19'N. 113°48'W. 17.7 4.90 1. 46 2.95 8.4 9.8 II.
5401-137.40_____________ • ____________ . _____ 21°40'N. 119°n'W. 17.7 4.60 1. 44 2.90 8.3 9.9 11.
Shellhack trawl 11 _____ • ___________ .• _____ 08°09'N. 54°58'W. 17.8 4.95 ------------ 3.10 8.4 10.0 !I. 3
5109-110.60__________________________ . _____ :!S°56'N. 117°39'W. 17.9 4.85 1. 33 2.80 8.2 9.9 11.2
4911-92.137 _____________ • ____________ •_____ 29°34'N. 124°52'W. 17.9 ------------ 1.08 2.44 8.4 10.1 11.5
Shellback 13________________________ •_____ 18°M'N. 124°14'W. 18.0 4.75 1.38 3.00 8.4 10.0 11.5
5401-130.35_______________________ . __ . _____ 26°19'N. 113°48'W. 182 4.80 1.46 3.00 8.3 10.1 11.
5401-110.50 ______ •________________ • __ •_____ 29°14'N. 1I7°0l'W. 183 4.90 .91 3.05 8.7 10.0 11.
5106-153.20___ .. _______ • ___________________ 22°48'N. 1I0022'\~ . 18.3 4.90 1. 36 3.00 8.6 10.0 11.
5401-130.35. _•______________ .• _____________ 26°j9'N'. 113°48'W. 18.7 5.05 1.55 2.95 8.7 10.4 11.84902-92.117. ________________ • ______________ 30011'N. 123°37"V. 19.3 5.05 1.46 3.05 8.9 10.8 12.1
5404-123.50 ________ •_________ •________ . _. __ 26°58'N. 115°30'W. 19.5 5.10 1.49 3.15 9.1 10.9 12.
4911-113.127 _______ ._ . ____________________ • 26°14'N. 121°44'W. I 20.2 5. 25 1.66 3.50 9.5 11.0 12.
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ApPENDIX TABLE 5.-1I1easlirements (in /11./11..) of juvenile and a.dult specimens of Villciguerria lucetia fr01ll the eastern Pacific

Station North West Standard Hpad Kye Depth at Snout to Snout to Snout to
latitude longitude length length width pectoral ventral dorsal anus

5201-137.50_. ___ •_______ •• ________ • ____ •• __ 24°41' 114°02' 19.2 5.15 1.70 3.20 8.8 10.5 12.05011-143.60_____ •• ___ •_________________ •• __ 2aolO' 113°56' 19.5 5.00 1.60 3.65 !tfi 10.l! 12.8Shellhack 63 __ • _. ________ •_______ •________ 12°20' 102°38' 20.0 5.10 2.15 4.00 U.5 11.8 13.05401-130.35•• ___ •.• _________ •______________ 26°19' 113°48' 20.0 5.15 1.55 3.05 U.2 10.8 12.55103-157.10_____ •• ________________ •• _______ 22°33' 109°23' 20.2 5.50 1. 75 3.80 9.8 11.5 13.65009-90.160_. ____ • __ •______________ • _______ 29°07' 126°30' 20.2 5.25 . 1. 80 3.75 9.0 10.8 12.25203-137.50 _______ •• _________ • _____ •_______ 24°40' 114°02' 21.2 5. in 1. 65 4.10 10.2 12. n 14.25112-110.50. __________________ •• ___ ••• _____ 29°17' 117°02' 22.0 5.90 1.85 3.85 10.·1 11. 9 13.9t">401-14O.50. ________ ._.____________________ 24°08' 113°41' 22.0 5.90 2.00 3.911 10.2 11.5 13.55009-90.160•. ______ ••• _______ •______ • ______ 29°07' 126°30' 22.1 5.65 1.90 4.55 10.2 12.1 14.05011-133.70_. ____ • ________________ •• _______ 24°35' 115°40' 22.2 5.80 1.95 3.75 10.5 12.0 14.05201-110.80 ___ •_. _________ • _______ •• ____ • __ 28°18' 118°64' 23.0 6.35 2.10 4.25 11.2 12.8 15.05110-127.50___ • ___________________ • _____ • __ 26°24' 115°OS' 23.5 6.25 2.00 4.10 11.0 13.1 15.05103-120.45__ • __________ •• _____________ • ___ 27°41' 111;°33' 23.5 6.20 2.00 4.15 11.2 13.1 15.00003-120.60_________ ._. _•• ____ • __ • _____ • ___ 27°14' 116°32' 24.3 6.60 2.50 5.00 11.8 13.5 16.55009-00.160_______________ •• _____ • ______ • __ 29°0i' 126°30' 24.4 6.50 2.20 4.80 11. 9 13.8 16.0
4911-112.88__ •__________ • __ • _____ •______ • __ 27°48' 119°14' 24.5 6.50 2.30 4.75 11.5 14.0 15.8
5202-110.60. __ •_•• _. _. _______ • ____ •________ 28°00' l1io40' 24.5 6.50 2.15 4.35 11.5 13.8 . 16.04911-112.88_______________ •________________ 27°48' 119°14' 25.2 6.50 2.35 4.90 11.9 14.4 16.25202-123.50___ • ___________ •_______ •• _______ 270 01' 115°32' 26.0 6.50 2.45 5.25 12.5 14.6 17.05105-90.120_____________ •_____________ •_. __ Sllo2fj' 124°01' 26.0 7.00 2.30 4.50 12.0 14.2 16.04911-112.88______________ •_. _____ •_________ 27°48' 119°14' 26.6 6.95 2.40 5.15 12.8 15.0 17.25302-120.50_______________ •________________ 27°34' 115°52' 28.0 7.50 2.50 5.10 13.2 15.2 17.84903-111.58. __________ • _________ •• _________ 28°47' 117°21' 28.2 7.75 2.65 4.90 13.8 15.8 17.85205-110.90_. _________ • __ •_______ •_________ 28°01' 119°36' 28.5 8.011 2.70 5.50 14.0 15. 8 18. 5
480~Sp_______________ •_•_________________ 26°30' 113°52' 29.1 8.35 2.90 5.60 14.0 1i.5 19.55003-110.50___ • _• ____________ • _____________ 29°15' 116°59' 30.5 8.50 2.95 5.40 1.~. 1 17.5 20.0
4911-103.111. ____ •____________ • _______ •• __ • 28°31' 121°52' 31. 0 8.50 2.60 5.50 15.0 17.5 20.25203-117.60__ • __ •____________ •• ____________ 27°49' 116°51' 31. 0 8.40 2.85 5.90 14.8 17.8 21.0
5510-120.90•• _. ____ •___________ • _____ • _____ 26°15' 118°28' 32.5 9.00 3. 05 6. 00 15. 4 17.8 20.5
00ll-Sp. ____________ •• _______ •• ______ •• ___ 24°18' 112°30' 33.0 9. 00 2.75 5.75 15.5 18.5 21. 0
4908-112.98___________ " ______ •• ______ •• ___ 27°36' 119°52' 33.5 9.25 3.10 6.00 16.2 18.5 21.5
5302-110.60•• _______ • _" _. ____________ • ____ 28°56' 117°39' 34.0 9.00 3.05 6.15 16.3 18.5 21. 8
5205-110.90. ________ •__________ •_. _____ • ___ 28°01' 119°36' 34.0 9.50 3.05 6.35 16.2 19.0 21. 8[,(J04-90.90_____________ • _________ •_________ 31°25' 121°59' 36.0 10.00 3.20 6. 40 18.0 20.5 23.65005-120.60 _______________ •_________ • ______ 27°20' 116°33' 36.5 10.00 3.10 6.40 18.0 20.0 23.64904-112.98__ • ___ •• __________ •_____________ 27°21' 119°52' 37.6 10.15 3.35 7.00 18.8 21.0 24.85007-100.70______________ •• ________ • _____ ._ 30":21' 119°32' 39.5 10.50 3.45 6.70 19.2 23.1 26.0
Off Guadalupe Is_. _____ • _________ •____ •__ 29°15' 118°20' 41.2 11.00 3.55 7.50 20.0 23.5 28.0Do. ____ •______________________ •_______ 29°15' 118°20' 42. 0 11. 50 3.75 8.00 20.0 24.0 29.0Do____ •_____________ •________ •• _______ 29°15' 118°20' 42.8 12.00 3.70 8.00 22.0 24.0 29.0Do. __ • _. ____ •________ •_______ •________ 29°15' 118°20' 43.0 11.40 3.50 8.00 21.8 24.3 29.0

Do. ______________ ••• __ • _____ ••• _______ 29°15' 118°20' 43.0 11.75 4.05 8.25 22.0 25.0 29.5Do________________ ••• __ • ___ • _______ • __ 29°15' 118°20' 43.0 11.60 3.85 8.00 22.0 24.2 29.5Do_______________ " ________________ • __ 29°15' 118°20' 45.0 12.05 3.90 8. 25 22.5 25.8 31. 0
5205-110.90_____________ •______ •• _. ________ 28°01' 110036' 45.5 12.20 3.90 7.90 22.5 25.5 29.8SIO-51-91 ______________ •_________ ._.______ 25°52' 114°40' 47.2 13.00 3.65 i.50 23.2 27.7 32.0SI0-54-214____________________ • ___________ 29°15' 118°20' 49.S 12.85 3.75 9.00 24.8 28.5 33.3SI0-51-91. ________________________________ 25°52' 114°40' 51.5 13.35 3.60 8.90 25.3 30.2 35.0
SIO-54-214__ • _______ •• _______________ •• ___ 29°15' 118°20' 52.2 13.00 3.90 9.30 26.0 29.9 35.6
SI0-54-214___________________ •________ • ___ 29°15' 118°20' 56.0 14.00 4.10 10.10 28.0 32.5 38.2,


