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ABSTRACT
The larvae obtained In greatest abundance on the blologlcal-oceanographlcal

survey cruises of the California Cooperative Oceanic Fisheries Investigations
are those of the Pacific hake, JlerZucciuB product"". The hake egg is pelagic,
spherical, transparent, with a tough, unsculptured shell membrane; it measures
1.07 to 1.18 mm. In diameter; the single oil globule is 0.27 to 0.34 mm. in diameter;
the yolk is unsegmented. The hake hatches at about 2.4 mm.

During the early larval period (3 to 10 mm.), the most conspicuous pigment
areas are (1) a large spot on the back of the head, and (2) an area of heavy
pigmentation about midway between the anus and the end of the notochord.
There is a marked increase In pigmentation in the later larval period, at first
on the head and along the dorsum, but spreading to the midline and below.

During the larval period, the head grows at a constant rate In relation to
the standard length (0.3 mm. for each 1 mm. increase in length) ; the distance
from snout to anus increases 0.42 mm. for each 1 mm. increase in standard
length. The initial ossification of most vertebrae occurs in larvae between
7.5 and 10 rom. long. The full complement of gill rakers is obtained by about
25 mm. in length.

The sequence of fin formation In the hake is as follows: larval pectorals
(without rays), caudal, ventrals, first dorsal, second dorsal and anal (simUl
taneously), pectorals (with rays). The development ot the caudal fI.n and sup
porting structures is discussed In some detail; a somewhat dUferent Interpre
tation of development of the tail In Gadolds Is given than the explanation ot
Barrington (1937). Development ot the second dorsal and the anal fin begins
from two centers, showing the close relation of hake development to that of
typical cods.

Hake larvae were taken as far seaward as 350 miles (off southern Cali
fornia), as far north as San Francisco. and as far south as Cape San Lucas.
They were taken in greatest abundance olf southern California and adjacent
Baja California. Hake larvae were obtained mostly during a S-month period
February through April. The estimates of abundance for 1951 and for 1952
are almost identical.

Data available on vertical distribution of hake larvae indicate that the center
of depth distribution Is between 50 and 100 meters, within or just below the
thermocline. The large concentrations of hake larvae occurred in a 4.5-degree
temperature range (10.6" to 15.0" C.).
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EGGS AND LARVAE OF THE PACIFIC HAKE, MERLUCCIUS PRODUCTUS

By ELBERT H. AHLSTROM and ROBERT C. COUNTS, Fishery Research Biologists

The lar\'lL most abundant in the extensive
m.onthly plankton collec.tions of the California
Coopel'lltive. Oceanic Fif?heries Investigations is
that of the ha-ke, 111c.'I'Z'llccitf.s p'l'oduct'lf.s (Ayres)
1855. The collections are ml"tde prima-rily to study
the distribution and abundance of sardine eggs
lwd. the rate of survival of sa-rdine hirvae; infor
mation on other speeies of present or potential
commercial importance is a byproduct. This
paper is·the second in a series describing the eggs
and larvae of the more important speeies.1

The California Cooperative Oceanic Fisheries
Investigations are sponsored by the· California
Marine R.esearch Committee, and are being ear
ried on by the Seripps Institution of Oeeanog
ra.phy of the University of Cltlifornia, the Cali
fornia Department of Fish a.nd· Game, the
Cltlifornilt Academy of Seiences, the Hopl{ins
Marine' Station of Stanford University, and the
South Pa-cifie Fishery Investiga.tions of the
United States Fish and 'Wildlife Service.

Hake larvae are taken over almost aU of the
area being surveyed; :fI~om northern OILlifornia to
Cape San Lucas in Baja, Californilt, a,nd offshore
for more than 350 miles. Although neithe.r the.
north-south nOl' the o"lfshore extent of spawning
of tJlis species has been delimited, it is unlikely
that spl~wning outside tho' survey arelt is of nllleh
importance. Sinee hake have a rather short
spawning season, most larvae are taken during the
3-m.onth period February through April.

In his revision of the species of 111e'l'l-ucciu-s,
Norman (1937) recognized seven Sl)eeies: 111. 'lne'l'

lucf.tiu-8 (Linnaeus) from the coasts. of EUl~ope,

noiihwest Afriea., and the Mediterra.nean; ill. b-i
lineal'i.~ (Mitchill) from the Atlantic coast of the
United Sta.tes; M. httbbsi (Marini) from the east
coast of South America.; 111. gayi (Guichenot)
from the coasts of Chile. and Peru; 111. Oape'Jl.YM
Cllstehutu from off South· Africa; 1.11. (t:Ust1'al-i~

1 Descriptions. of the methods anrl nmterlals used for coIl~cting'

and standardizing the net tows. clearing and staining s[lecimens.
and· measuring body p"oportions of larvae are: gh'en III Fishery
Bulletin 97 (Ahlstrom and Ball. 19M). .

(Hutton) from off New Zealand; aJldlll. P'/'OduCttM
(AJ7res) from the Pacific coast of North America.

111. a1l-gusthnal1ll.ls Gn.rnum, deseriDec1 from off
Panama., was placed by Norman as a· possible syn
onym of 111. gayi,' it may be a. valid species, how
ever. Ullfortunately, we did not. have access to the
revision of American hal~es (whitings) by Isn.ac
GinsbUl'g (Fishery Bulletin 96) until too late to
incorpom.te 11is findings in this pa.per. See page
32!l.

Me.,.ztlc.ci'U.~ 1l1'o(luctus can be distinguished from
other species of the genus by the foIJowing combi
nation of morphological characters:

1. A more sleuder body fMIll than that of ri ny other
species. with the possible'exception of M. hllbbsi; depth is
7 to 7% in standard length as t:olllpllred with 5 to 6%,
for all other species eXCel)t M, lI'lIbbsi (5% to 8( 1». '.

2. A hig-Ii gill-raker count (4 01' 5 + 14 to 17) ; only
J1l. [{(ll/i has a cOlllparahl~' hig-h eoullt.

3. Several more ra~'s in tile second dOl'sal amI nnal
fins thnllany species except ill, a'lIstmUs (D: 39 to 42; A, 40
to 43).

A literal translation of the name 1I1erol'llcciU8
pl'OdtlCtus would be "drawn-out se:t pike" or
"slender se;l pike."

Of the above species, MeJ'lucchts '1nm'luccius, M.
gayi, M. bHineal"'is, and M. capen8i8 are of consid
erable comme,rcial importance. These species are
sold .in the fresh-fish trade, or 'are used for meal
and oil. Various references mention the fact that
the. flesh of these speeies is well-flM~ored when
fresh, but spoils rapidly. Apparently this is char
aeteristic of the genus.. Pacific-coast fishermen
hnve found the flesh of ill. pj'OducttlS to'be'similar ;
howeyer, no reguln.r conulle.rcia.l fishery has been
esta.hlished for this species. At one time it was
IIs~d for animnl.food by mink farmers, but was
defie-ient. in some nut.rients. R.ecently, the hn.ke.
has been utilized to some exte.nt n.s a fish-hatchery
food. It seldom appears in the Paeific-coast.
fresh-fish markets.

Reports on the great nvailltbility of hake by
commerc.i:tl fh;hermen, anel the large. a.nnual spawn,
as determined by the. California Coop.erative

, 295



296 FISHERY BULLl~TIN OF 'l'J:U~ FISH: AND WILDLIFE SERVICE

Oc.eanic Fisheries Investigations, give evicltlllce
that there is a large .untapped fisllery resourc.e in
the hake. The de-mana for protein foodstuffs
may, in the near fnture, force the exploita.t.i~n

of this hitherto unnsed and potentiitlly large re
source. This would entltil some reseitrch into
the c.aptl.lre, propel' handl ing, preparation, and
llI;u'keting of the speeies. Perhaps milch of this
infol'lllittion eonld be gnther~c1 from a study of
the processing and marketing procedures devel
oped for the several speeies of hn.ke that now
support COllll11ercinl fisheries. 2

Employees of the Scripps Institution of Ocea
nogmphy and the California Depttrtment of Fish
and Game cooperated in the collection of data
tit sea. The whole staff of the South Pacifie
Fishery Investigations of the Fish and W'ilcllife
Serviee contributed to this study. The authors
thank espeeiaJly .Tohn C. Marl', Rolf Bolin, and
,Tames E.ohlke for critieally reading the manu
seript, .Ja.mes R. Thmilkill for prepa.ring the
graphs and distribution charts.

EGGS AND LARVAE OF OTHER SPECIES
OF MERLUCCIUS

The egg and larval stages have been deseribed
fol' severa.l species of "AIed'uoch/8. A number of
desel'iptioJls have been published of the eggs and
larvae of ill. lIW1·f,Ut·d-u..~, among which the follow
ing foul' tteeounts are particularly noteworthy:

1. RaH'nele (1888) published descriptions of the
egg and yolk-sae larvne, obtained by artiilcially
fertilizing eggs stripped from hake caught in the
Hay of Napl"es.

~. J. Schmidt (1907) described nnd figlU'ed the
development of 11(\.ke hu·vae. from 4.:25 mm. to
31 mll1. in le.ngth (13 spe~.ill1ens) from materilll
obtained off Irehmd, En)' of Biscay, Scotland, and
the Skaggerak.

3. E h l' e n b n u III (HHI5-n) suppleme.uted
Schmidt's descrivtions with nmteria.l from the
Jlltbnd Auszen-ground.

4. D'Aneona (1933), in Faunlt e Flol'lt del
Golfo di Na.poli, gives a resume of previolls work
and a gl'Ol,lP of S Ji.gures of larvae 4 to 3~ mm.
in length, obtained from t.he Me(~iterl'ltnea.n.

The eggs and larvae of 111C1'ltW0l-7lS bilinem'is,
the hake occurring off the east. eoast. of the United
States, were deseribed by Kuntz and Radcliffe

• A San Francisco plant operator recentlr has been g"anted a
permIt for expcrimCiltal redncti(l'l1 of hake to meal amI oil.

(.I.n.l7): but some of the descriptions llnd figures
ill t.heil' pa.per are illacelll'at.e. For example, a
htte-stttge egg (fig. 53) is shown with more dum
';0 myllllleres, and a yolk-sae larnt (fig. 54) lms.
ollly MJ myomeres. Furthel'more, figures 64 ttnd
65, included in the series of PO'l'o-notus t"l'iaca.ntlvllS,
nre bttsed on speeimens of illtJl·l-uecl.tls biUnea.1'is
(Pea.rson, 1941, called a,ttention to tllis discrep
aney, but suggested that these figures might be
youllg of U/,0llhyois.). These latter ligures were
eopied without change by Bigelow and "Telsh
(U)25) in Fishes of the Gulf of Maine, but are
omitted from the revision of this work by Bigelow
and Sehl'oeder (1953).

The early development, of 1Ile1'ltlcd'llS oape..nsis
(egg and yolk-sl.w IannI stages) was described
by :Ma.tthews nnd .Jager (19:'51). A. fignre of a
Inter la.l·vltl stage is given in a short paper by Hart
and Marsha.ll (1951).

Neithei' t.he eggs 1101' t.he Itu'vae of illerll/./.ed1ls
llJ'od'lH:t-u8 have been dese-rihed previously.

EGGS OF MERLUCCIUS PRODUCTUS

EmbrY(Jl1ic development· of hake· eggs has been
st.udied in both living ttnd preserved material.
The following descr.i ptions ·are based on preserved
materia.l, sinee such samples are examined much
more frequently than living specimens. Two im
porta.nt d'ifferenees between living and preserved
material shoi.l1d be noted:. (1) Living hake eggs
have it glassy tmnspa.rency nnd the .yolk material
is n.]most colorless, whi\e preserved eggs ltppea,r
opaqne a.nd t,he yolk material is more highly col
ored; and (2) living e1:nbryos contain evanescent
pigments, especially yenow pigments, thnt are de.
stroyed in preservation (Melanophores are not so
atfec.ted, however).

(/-Mun'al de8c}'iption..-The ha.ke egg is pel1-igic.
It is spherical, htts a. tough, t.mn,<;})urent, nnsculp
t.ured she.ll me.n:ibl'nne, alld eontalns 11, single, rltther
la,rge 011 globule. -The yolk material is deaT,
homogenous, n.nd of a dark str:1\t color; however,
it mn.y appeal' gru.nula.r a.fter being enelosecl by
thc germ ring. The egg often nppea.r8 dondy
or opaque in the stll.ges prec.ecling blastopore clo
sme. Thi.s probably is due to ll1eehnnieal rupture
of the delieate vitelline membl';i.ne sUl'l'oll11ding the
yolk, which a.llows the yolk lllnt~rial to ~sca.pe

into the perivitelline space. The following size
measurements are based on :WO eggs ta.ken at mn-
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dom from preserved samples: The averl¢ge di
ameter of t.lle hake egg is l.B mm. (ra.ng~, 1.07
to 1.18 n1l11.); the o,verage diamet.er of t]le oil
globule is O.gO mm. (l'3,nge ll~7 to 0.34 mm~) ; the
diamet.el.' of the yolk is approximat.ely LOa· mm.;
;md the widt.h of t.he perivit.elline space is l~Jiproxi

Ina.te1y o.on mm. A compnTison of the size:of the
egg alid of the ('ontained oi.l globule inll!e1'1ucchts
1)}'orluchI8. jJ[. biUnea'/,iij (dn.ta from' Kuntz o,nd
Radcli tfe, 1!)l"7), ill. medwxJu8 (data. frOJil Raf
faeh~, J..888) and J[. Uf.pen.~i8 (data froni ~ht

t.lle\\"s allll .lagel·, l!)fil) follows:
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of blastopore e-losure, t.he oil globule is situ:lted
. immediately o,djace.nt to the blastopore, close to
the tail. of the. embryo. It keeps this position
throughout the remo,inde.r of the embryonic period
and during t.he. yolk-sac larval sto,ge. In. this
eo,rly stage, the embryo develops lit 0, fn.irly mpid
rat.e. 'When the embryonic shield has enveloped
approximately three-fourths of the yolk, the em
bryo has a discernible eye. Just before blastopore
c.losure, 10 to 13 myomeres are visible behind the
head of the developing embryo. No pigment is
found in this eo,rly stage.

lIlkldle-.stage eggs.-The best character' for
identifying middle-sto,ge ha.ke eggs (fig. 1, c. a.nd
d) is the pigmentation that develops immediately
after blastopore clol;;ure. Pigment appe.ars in
t.hree o,reas, (1). on t.he oil globule; (2) on the head
anel dorsum of the embryo, and (3) on- the yolk
mass.. The pigment on the oil globule is restricted
to the hemii;phere nea.rest the embryo. Pigment
on the embryo is found first on the dorsum behind
the head, where it outlines the myomeres adjaeent
to the head. It soon spreads over the head and
most of the dorsum, although it is not equally
den~ in 0,11 pmts, a,nd the distal portioll remains
imlllaculate. The anterior portion of the yolk
Illass lllls a. few sca.tt.ered pigment spots, usually
on eit.her side of the head. At the tel1nino,tion of
this sta-ge, the tail Ims become pn.rtially separated
frolll the yolk, and has started curving laterally
a.way hom the embryonic. axis. The embryo has
l'eeeived its full complement of 50+ myome.res.

Late-stage eggs.-During this sto,ge (fig. 1, e
and f) the melanophores become. restrict.ed into
several conspicuous patches of pigment, "Jeaving
port-ions of the embryo, pre.viously with melano
phores, immaeulo,te. When viewed from a.bove,
the pigment on the embryo occurs in four arens:
(1) on the hea.d and four or five adjacent myom
eres, (2) 011 the hody just ante.rior to the anus,
(3) on t.he body just behind the anus, and (4)
about midway bet.ween t.he anus and the end of the.
notochord. "We can the latter. area the meclio
posto,nal pigment o,rea·. The only 'conspie-uous
ventl'lLl pigment on the embryo is lL counterpart
to the. dorsal patch in the medio-postanal region.
Before hatcJling, some mehulOphol'es ean be dis
cerned in' the peritoneum. The buds of the pec
tm:a.l fin~ may he. seen in late-stage eggs. The best.
single feature for identifyillg.late-sta.ge hake eggs
is undoubtedly the chal'actel'istie piglllent.l~.tion.

.2;

.16
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The time required for embryonic development
Clf hake eg/:,'S has n~t been determined. It. nmy be
similar to that. of the sardine.. This conclusion
is basel! on finding two or three stages of egg de
velopnJellt in many samples. From studies on the
sardine (et. Ahlstrom ]D43), such stages have heen
shown to re.present as many days' spa.\vning.
Kuntz a.nd Hade-litfe (1917) attributed an incu
batioll period of only 48 hours to the silver ho,ke
(L1l. b-il-inea'l'is), Ra.:flaele (1888) reported an in
cubation period of 60 to '70 hours for jl!. me'l'7.'Itf]

lJiu8, while Matthews .o,nd •.Tager (1951) gave 60
hours as the time. required for the embryonic de
velopment of ill. cape--n.si.~. None of these investi
go,tors supplied temperature data.

In discussing the development uf the halm eggs,
we shall divide the embryonie period hlto three
sta.ges:

Eurlr-fl'OIll fel·tilil'.nti'-'II tIl dosl1l'e ,.. f the hlnst:opore
(fig. 1, a nnd b).

l\filldle---from closure of the blastop'Ore to the timc tha t
the separating tail begins to curn~ laterally aWl\~' from
the enibrronic axis (fig. 1. c and dl,

Lllte--'-frolll the j'ime thnt the tail is' eUI.'\"ed aWilr from
the embryonic axis to the time of hatching (fig. 1,

. r: nnd f).

Ert1'l:t/-8ta[le eggs.-In ea.rly-stage hake eggs (tig.
1, f.l. and b), the yolk is clear alld unsegmented, aBd
the oil globule is situated o,t the vegetative pole.
The developing egg float".; with the oil globule up
permost, as do most pelagic eggs. At the t.ime

M. prOf/Ul'/IIS_ ••. •. . . _
M. bilil/earis . . __ '" . . _
M. 11Itrlu·cciIlS ... . _. _
M. capellsis_. ._. _
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FIGUIIE l.-DeveluI)llIent of the egg of the hnl.<.:. llIcl"l//cd//8 lll"odllc/./ls: u. Ear1r stage. at I"jlll£' of l1c\"£'lnplllellt of blasto
del'llIal cap; b. early stage. illllllellintelr lll'ecelling blnstopore dosur£'; c. lllilhlle st:lge. Internl "lew; d. llIidlll.~ stage,
polar "iew; e. lnte stage. tail just beg-inning \'0 twist (Jut of rlhllle of elllhl'~'onk axis: ,. late st:lge. jnst hef.Me
lIatching.



299

In the waters inhabited by the Pacific hake,
there are two other COlUmon species with rather
similar eggs: the jack mackerel (Tmchtt1'us sY'?/!,
m.etl'ic1(8), and the Pacific mackerel (P'netvmato
pl/.Ol'U8 diego). To avoid confusion in identifica·
tion, table 1 has been preparecl.

F~GGS AND LAH.VAE OF 'l'E;E PACIFIC HAKE

Other features that aid in iClentifyino- hake e<yo-s_ to ee

at this stage of development are-

1. Number of m~'llllleres-lllore than 50 clIn be cmmte<l.
2. Length of intestine-extends fOl' nbout four-tenths

of the total length.
3. Position of oil glohllle-situated near the anus.

·rAnr.1~ l.-CI/·a·/"(/·t;/·cI'Jt which ahl in disti1lgllish;'ng the. cggs a."/Itl '/lI3wl/l I/(/ft",.~(l larvae of ha1.'e, jacl. 11!ae/,:c/'el, 'O1lll
Pacific·mac1,:e.rcl

Jack lIIaekerel Paeifi(' maekcl'el I

EGG
Size. --- - - ---------. -- ~. -- --- -_~ ~ -- - - ~.•'OI1~tl·cl~__ol.l.8aOmllmlU.1 ..•... -_ '..". '.'.'_'. ,.,.•_-_ - -.._.Oil globulc.. _.... _...•. _..... _•..• •.
tolk__ •__ •••..•• _.•. _........•.... _ Clear _ _ "'" _._ •.
Perivitelline SP~Ll~C A ~ • :\'](Jdl'rate W.Oli 1I11ll. widc) ._

Pigmnnt.ation ~

tolk. _.........• _ _. __ . _ 011 yolk nOll" head ......• _ _•••• _
F:mbr~.'O._~ __ . . ~ . Dorsal pigmentatioll l'ontilluoUS in

middle·stage cggs. scpamte,j into
J.lut("hl.'s tn la.t:c-stagu l'ggS.

Number o£ lU:rOllll':I"CS ~. .__ ';1-54__ . ~ •. _. . .•. __ •. _. _. - - ~ __

~~;~tHi~~:~~.::~:::~~~::::::::::::::: ~I;r.~t~~~t:~~l.
Modemt" W,09 Ulm. wide). ._ .. , Narl'ower than ,,;th,.r hak.! ur jack

lII<lekel'el.

None ..._.... ••• _••..••... _..••. _ Srotte"cd on volk.
J)ol's'llplgIllCllt extends most or length Doublc durs,il row of pij(II"'''' "",Is

of e!"hrl'O; "entral pigment occurs extends forward betwecn H.c cves;
bchmd unus; pigmrmt s(·ll.lom o(·cm·s no \·cntroll pigment.. .
forwm·d of the eves. ..

24.._... __ .. : •.... _. _... ..... ...... :n,

YOLK-SAC LARVAE

Pi~Il1ClltatiolL . . ~____ _ Colh:ets in pat.(~hcs_. __ . _. ~'..~_. __'. _. Dorsa-land "l'nt,ral ret·i.Lill("IL __ ~. _ Dorsal pigmellt migl'ill.c-s vcnt.rally.
011 globule . .. ... ..•. .•.. !II re,"' or l'~lk sae .. __ •• _: .. __ .... __ .. _ Under he'lliin f,.rw",·d port;ulI of yolk In rear. of yulk S<le.

~aC.

I 1.l:ltn tnkcn, in )Ia!"I, from Fry Wali.

LARVAE OF MERLUCCIUS PRODUCTUS

State of de1'elol l '//W'Ii.t a.t lwtclt-ing.-The ha.ke
hatches 'in a relatively undevelope-d condition. It
begins its post.embryonic existence 'before- the
mouth forms alld before the eyes become- pig
·rnent.ed. The young (,f most other fish with ile
lagic eggs, inehldiug the sardine., anchovy, Plteilic
macke-rel, jack mackerel, imd tuntts, a.rein a simi
larly undeve-loped state ilt. hatching.

A group of approximately 200 hake larvae,-rep
resentltt.ive of the size l.':mge obbtined in the plank
ton llltuls, .was se-leC-ted for de-t.ailed study. The

.larvae. were cllosen at random from samples that
adeqlUttely covered their geographical and se:t
sonal dist.ribution. The speciml?-ns were clen-reel
and stained by a. proeedure. modified from thitt
described in Hollist.e.r (1n34),3 Meristic counts
l;lm be. determined accurately from speeimens pre
pare-d in this nUl-ll1leL', n-nd t.he- sequenee of ossi fictt
t;ion of vertebrae and other bony pltrt~ elm be fol
lowed. However, st.a.illed specime-ns are not satis
factory for observ jllg the sequence of pigment
ehanges, a.nel for this purpose other larvae, t.aken
at ra.ndom, were llsed.

The period of lnrv:tl developme-nt is considered
t.o extend from hatching to the completion of .fin
formation, but. the end of the larval sta.ge is not

"Improvements (>11 Hol1lste.··s teelruilille were sug-geste,l h~'

\':nllIS (H'48) awl (;1"1111.,,, • l!"-,O) ,

slmrpl)1 defilled in the hake. The size at hatehing,
deterniined from preserved nuiterial, is approxi
mately 2.4 111111. All fins except the pectorals have
their full cOlnplement of rays by the time the fish
is 20 mm. long. The pectorals seldom have more'
than 2 or 3 ra~'s differentiated at t.his size, with '7
formed by 25 nun., a-l1(l probably the full COll1

plement whe-n the larvae are about 30 to 35 nun.
in length.

'Ve 'shall traee the changes that oecur dlU'inO"
. 0

larval development in the following characters:
(1) Changes in pigmentation, (2) changes in body
form, (3) sequence of. ossifieation, and (4) se
quenee of .fin formation.

CHANGES IN PIGMENTATION

TIH~re is considerable variation in the amount
of pigment fmllld on hake larvae of comparable
size, espeeially Hot.iceable in !arvlte under 10 mm.
ill length. In discussing pigmellt augmentation,
we shan describe the lIsua.} pattern, not the abe-l'
ra.nt. Larvae- with the most intense, as well as
those with the spa.rsest., pigmentatioH were col
lee-ted more often in t.he southem part of the sur
vey area than elsewhere.

The newly hatched larva (fig. 2a) has a pig
ment. pat.teru sjm illlr to that of a late-stage egg.
Before yolk-sneo absorption is completed, how
eve-r, the pigme-nt hns migrated 01' coalesced to
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FIGURE 2.-Develolllllellt. of the 1:1I'\"1l of t.llt· Illlke, Mel'lll,;l.'illiJ pI'r)([lIeflliJ: II. y,)lk-s:le 1:11"\":1, ::!.-! mIll. IOllg, imll\~l1iately

after Jllltching; b. larva 3.0 mill. IOllg: C. In1'nl 4.3 IIlli. \,.1111,(: d. IIlI''':I 4.7 III Ill. long: c. In 1'V:1 li.3 111111. long; t. In 1'vn
7.7 mill. long; y. In I'vn 10.1 1lI111. \lml,(.
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FIGUJtE 3.-Den:·loplU€'llt of the lana of th€' hak€', Mcr7.lIccitis llro(1,lIctIlIJ: (t. Larnl 11.0 mill. long; b. lana 15.75 mm.
long; c. larm :::lO.O m\ll. long; ,7., early jnvenil€'. 36.0 llun. long.

319573-55--~
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FWURE 4.-LlIl'\":1 (If lllll,e, MCI"/IICC;lIs 1/I'OdIlCtIlS, 25.0 lUlU. long, showing details of 8kelehli structure.

form t.he t.hree conspicuous pigment areas char
acteristic of hake larvae: (1) a large spot on t.he
back of t.he. head, refe.rred to herea.ft.er as tIle oc
cipit.al spot, (g) the conspicuous medio-post.anal
pigment area about midway between the anus amI
the end of the notochord (or base of cal1clal), and
(3) a heavy concentration of pigment nlong the
dorsal peritoneal wall. In addition, there is a
frontal patch between the eyes, sc..'ttterecl spots 011

the Yent.ral surface of the belly and a lateral spot
imniediately behind the. anus. This pigmenta.tion
is characteristic of larvae between 3 and 10 mm.
in length. The h\.l'va. of 111. p'i'odttcht8 does not.
have a. ('.audal spot like t.hat fOl1nd on speeimens of
jV. biltne(wis alid 111. 'fnerllttJa/u.s. Occasionally
larvae are found with a row of lateraJ pigment
spots bet.ween· the' anus and the medio-post.anal
pignient area.

Pigment. is added g:l.'adlHLlly during the larval
period. Until about. 10 mm. in lengt.h, most of
the increase in pigmentation is in the headre.gion.

, Between 10 and 20 mm. there is a. rapid augment.IL
tion of the pigment on both the body nnd head.
Pigmentation of the fins occurs dnring the late
larval period.

Head l,.jgmentation.-In young la.rvae the only
conspicuous pigmentation on the head is the large
occipital spot. This 'is usnally a singlE'., stellate
melanophore.. But a· few scat.tel'ed small illelan0

phores Itre fO\.llld on the top of the head of some
la.rvae at the. end Of the yolk-sac stage:. By 10
mm. in length, IL cap of discrete pigment spots is
llSllfl.l]y present on the crown. On larvae of ap
proximately 13.5 mm. in length, pigment appears
:\.long the premaxillary ml(l ma.ndih]e, a.nd II. con
spkuous vertieal btU' forms behind the eye.• On
huvne gO mm. in length, pigment spots are gen
erally distribut~cl nJong the top and sides of the
head except in the opercular area behind the eye.

Meanwhile, the occipital spot has become less con
spicuous, n.lthough it still ma.y be distinguished.

Body pig'me·ntation.-There is little change in
body pigl'nentation between 3 and 10 mm. in
length, but on larvae more thnn 10 .mm. long the
pigment increases rather l'll.pidly along the dor
sum, n.nd later along the sides of the body as well.
'Vhen the dorsal pigment starts augmenting, it
appears to spread in both directIons from the
medio-postannl pigment area, but only post.eriorly
from the region of the occ.ipital spot. The last
areas a.long the dorsum to become pigmented are
at the origin aml termination of the second dor
snl fill. A continuous ba·nd of dorsal pigment
from the tip of the snout to the base of the tnil
is found on hU'\Tne as small ItS 1G.5 111m. in length.
La.rvae larger tlll'm this show a· mn1'ked' increase
in Humber of melanophores a.nd ventral spreading
of pigment to the bterul line. Meanwhile, peri
toneal pigment spreads laterally.

As the larvae become more hen.vily pigmented,
the several important pigment areas of the
younger stages tend to bec:ome less conspicuous.
The medio-postnna.] grollp concentrates into sev
eral lateral mela.nophores, nSIHLlly one or two
a.bove and as many below the lnteralline on E~ither

side of the. body. This pigment group still may
be conspicuous on some larvae 20 mll1. long (fig.
30), but on other larvae is clist.inguishe.d with
clifficlIlt.y at It sma.ller si7.e tha.n this (fig. 3b).
The' group has lost its identity by the time the
jllYenilc stage is reached (fig. 3d). 'The lilterllJ
pigment spot immediately behind the tUlUS. seldom
conspicious at any size, is. ~ ndistinguisha.ble from
other scatt.ered veutral nigment spots in older
htrvae (fig. 30). .

Ventrttl pigmentation is liever as conspicuous
in hake larvae as .(lorsal pigmentat.ion. The mel-
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anophores on the ventral surface of the abdomen
rema.in few in illunber ltnd graduaJly disappeaT.
Only during the late larvaJ period is there a no
ticea.ble. increase in pigmentation below the latera.!
line, and even t)len it is SpltrSe along the ventral
margin of the body.

Pi:l/.llig1ll.e·ntation.-:-The fillS ilever become hel\'y~

ily pigment.ed in larval ha.k~. There Rre usually
either scattered pigment spots or a. single con
spicious stellate spot on the fleshy base of t.he hu
val peetora.! fins. In some larvae under 20 mm.
in length, a few' smltll p'igment spots have been
observed bordering t.he. cent.ral rays of the caudal
fin. By 36 nlln. ill. lengt.h, the caudal fin is much
more heavily pigmented, especially along the
median rays. The JiI·St.. dor:''ll I has pigmeilt spot.s
olltlining its rays, espeeia.lly anteriorly. The
second dorsul hus some incollspicuous lines of pig
ment. a.long its rays, and there is even less pig
ment. on the IUla.! fin. The ventral fins usua']ly
lnck pigment, but occasionally a heavily pigmented

larnt will IHtVe pigment. on the ventra.l fin e\'e.n
at format.ion.

CHA~GES IN BODY FORM

The hake larva is moderately elongate, with
the greatest body depth at or neRr the pectora.!
tin, and with the body na,rrowing abruptly behind
the anus. The digestive tmc.t underlies only t.he
forwltrd part of the body, the distmlCe from snout
to anns being approximately 42 percent of the.
standard length. The intestine has a single
loop, readily observable in small larvae before it
is obscured b~7 overlying lllusclIlature.

l\feasurements made. on the group of htrvae
studied ineluded the following: Standard length,
hea.d lengt.h, dia.Ilmt.er of eye, greatest body de.pth,
and distance from snout t.o anus. The data are
slJ,mlllaTized in col limns ;) t.o '7 of tlible 2. The
mel]surements amI counts in t.his ta.ble are average
values based on 10 or fewer specimens (numbe.r
of specimens listed. in column 2).

N"um· A \"m'agl~ IIlc':l:ml"l~nlunts (in Jllillil11ctcl"s) Mel·isl.ic counts
IIl'l' (If

Size! speci- R,·,n·mens Stand· Snollt VCl'to- chlo~· Cau,la] VI.m- First. Sec· A",l1
}'eel,o·

I'X;).JJl- Ul'd H""d R~·I) J)"pth to tr,,1 ond rul
inell length anus b!'al~ tc~ol fin fin:o; dorsal dol'S"

fill nns 1
'·i.IYS

(I) (2) (:j) (4) (.'1 eli)· (7) (S) (\1) (11.1) (1) (1~) (\3) (14) (5)

----------·1-----------------------.---------------

14.0

15.0

LJ'
1.1'
L1'
L1'
1-1'
1.1'
LP
LP
J.I'
1-1'
LP
LI'
1.1'
L1'
LP
Ll'
1.,1'
L1'
L1'
1.1'
'1.1'
U.•:.

••=-.
.:!
.11
.8

.::!.:.!
.0
.0

;.11
7.U

11.0 4~.1l 4:1.0

11. 0 4~. (I 43.07.0

i.O7.0 45.11

7.0 H.U

1.4 I .
l:.~ ----;~,~- :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::
~:~ ~:~ ~:.; :=:::::: ::::~::: ::=::::: ==:::~::I::::==::

~:;; i~ n ~:! :::::::: :::::::: ::::::::1::::::::
a'-' ~i.Y li.4 S.:i 0.1i . . _.. .
3.4 8.0 'i. II 1.\.8 .,., • • _._. • ._
:l.!\ Iii. 1 It.' 13.~ ~.Ii 1.4 • •• _
:i. 8 29. Ii Ii. Ii 15. 7 3. ti ~. , :J. Ii li.O
.... U 4.5.4 ;. (J l!I. Ii ,5. ,:. 4. ''I 7.5 111. S
4.0 -IRa 7.n 18.:" 5.a Ito 21.7 27.7
4..; 52. 9 7.11 ~3. ~ 6. iii. -:1 :..Jfj. ; 28.1
,LY =,a.n i.1) :.!5.1 (i.fI (i. 7 30.1 :JU.;
.,.0 5:1.5 7.0 2S.1i 7.0 7.3 :12.5 :~4.0

Ii. 4 53.S 7.0 :1ll.1I 7.0 7.8 a:t2 :11;.0
.:'.\1 f,2.S 7:1) :i-:1.n ;.n 8.5 ::;;.0 :i7.a
li.a 5:i.O 7.0 a3.5 7.11 !J.II :i7.2 ;is.n
I;. I; .5:1.0 7. 0 ~6. 8 7.0 10.0 3S.8 40.0
7.0 .'o:j.., 7.0 :m.o 7.0 1I.n 40.IJ 41.5
7.4 .;;1.11 7.11 :111.8 7.1l Ill. Ii 411.0 41.0

5:1.11 7.0 40.5 7.0 111.5 39.7 41.0

~:~ ~:X· 1~:~ ~:~ },I,:g 1~:~ 1U
.'0:1.8 7.0 41. H 7.0 10.4 41l.0 41.1\
1i4.11 7.11 42.0 7.11 11.11 4\.11 42.11
5:1.0 7.11 43.11 7.0 \lJ.5 40.11 40.5
5:1.11 7.11 43.0 7.0 lUI 40.0 41.0
5.,.11 7.0 44.0 7.11 11.0 4~.0 40.0

IlU 53.0

1.7
!".2
8.4
8.\'
U.3

111.0
111.1
11.0

W.8 53.0

H.511

8.00

0.9!'1
1.0~

1.117
I. I~
1.38
1.1;11'
1.-'1
1.6';
1. 81
1.80
I. 81
2.ml
:!.18
:!.2:i
2. :1.;
2.40
'2.47
2.li2
2.85
2. \to?
:1.12
:1.11.1
3_32
:1.42
:1.811
3.811
4.1~

4.111
4.:1()
4.2f1
4.511

~t :10

0.30
· :11;
.411
....Ii
.·Ift
. ='6
.1':11
.uS
.711
· ;4
· i8

.. ~5
.88
• ~HI
.\18
· U7

1.07·
I. 14
I .,-.-.
I. 31l
1.:1';
1.45
\.40
I.na
I..""
I.I.i!i
Lfiti
1. >;II
1.\15
I.\lfl
2.20

:1.1111

41.;.2 13.I.MI

40.5 10.411

7 :i. ~ 0.7::;
,=i :t 7 . Rfj

III 4.~ 1.1111
111 4. I) 1. t1~1

IU !i.t1 I. 1,1
W .1i.7 1. :iti
\II 1;.3 1. 41;

.:, li. ; 1. i4
JII 7. I 1. 8\1

.:, 7.8 2.1111
10 8. 2 ~. III
10 ~. f.) 2.22
WI ~.1 2.5:i.

:1 ~. 7 2.57
III 10.1 2.71i

I 10. Ii :!. YU
Ii I I. 3 :l.ll:1
,', 1~.5 :1.31\
,; 13.4 3.82
4 14.5 3. II.'
... 1='.5 4.40
2 iii.; 4.81)
4 17.5 4.85
n 18.3 .'1.28
'1 1!1. t..i 5. fifl
... :..'t1.:J 5.!!,;
5 21. 2 IUI4
1 :!2.11 Ii. 41)
2 :!a.1i li.71l

24. ~ 7.011
2.1).5 ;.all

3.1I-:1.4 11111'- • _
3.1i-3.9 IIUIl. ...
4.0-4,4 111111 •• _
4.5-4.9111111 .. : __
5.1I-5.4 I11m. .. __ . _. _. .. _.
5.n-5.9 IIlJIL .. __ ~ . .. •... __
1'I.I.I-il.4 111111 · _•. .• _
ij.Ii-H.9 111111 __ • . . _
7.0-7,4 111111 ••• _ •. • __
i .5-i.1J III11L __ •• • ••
8.0-8,4 111111_ •• . ,
S.Ii-S.9.111 III _ • . ______ _
\1.0-9.4 111111. • _
9 ..';-9.9111111 • . : _
10.0-111.4 111111 . . _
lU.fi-10.9 IlU1L •• .. __ ._
II.Il-IUI 111111 .. . _
J2.0-12.U IIlJJl • • _ ••• __ • _
13.0-1:~.\11II1U. .. _
14.0-14.9111111 •• _•• _
lli.0-15.\' 111111 •• ,
Hi.O-1G.H 11I1IL_. . ••. •
17.0-17.9111111._ •• __ .. _

IS.I1-18.9 111111••• _----- ------ __ -- --- -'1
HJ.O-l~.U mlll . __ . ... _
211.11-2O.911l1ll . . _
21.n-21.!1 nun. ~ ... _... . _
22.0-22.9 JJlI11 • •. ..
23.0-2:1.9111111 ••• . _

24.11-24.9 Il1nl._ •. -- -- _.------. -- __ --'I25.1}-25.9 111111. .

40.0-10.9111111 ------- _--- . 'I

41\.0-4H.9 111111 • _

I L P = hU'\'ol poctoral.

Healt.-The head grows at It constant rate in
relation to the standa.rd length during the larvltl
period, ine-rensing 0.:30 mm. in length for each

millimeter increase in standll-rd len·gth. This: is
'shown in a regression of head length on standard
length for larvae between :3 and 2;"i IIIIH. ill lellgth
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(Jig. 5). The stlLtistics describing the line ntted
to the scatter of point'S by the method of least
squa.res a.re given in ta.ble 3. It will be noted that
actlULl meaSUl'el1lent.c; of head length are plotted
against standard length in this graph. A quite
different type of plot is obtained if head length,
expressed ItS a percentage of the standltrd length,
is plotted against the. sta.nda,rd length (fig. 6).
The In.tter is the usual method of delLling with
body proportions in taxonomic studies. The heltd
length is lLpproxirnat.ely ~3 percent of the stmlCl-

anI length in newly hat.ched larvae, increasing to
:!7 percent at 10 nUll., Itnd to approximately ~8.5

percent Itt 20 nUll. (table 4). This is not evidence
of an accelerating rate of growth of the head as
compared to standard length, although it might·
be misintel;preted as such. Rather it nrises from
the fact that the head length at hatching consti
tutes It 'smaller plLrt of the 'standard length (23
pereent) than the relation that obtains thereafter,
i. e., a uniform rate of increase of head length to
standard length of 30 percent..

o
8

7 7

6 6

'"ffi5 5..
w
::lE
::::;
...J

~
~4 4

:r..
'"zW
...J
c
~3 3
:r

2

o L....-__-'-__....L__--I .L-__....L.__--I .L.__....L.__--I .L.__...J 0

o 2.5 50 7.5 100 125 '50 175 20.0 22.5 25.0 275
STANDARD LENGTH IN MILLIMETERS

Fr,;pul,; "',.-Il~gl'.-,;;sinll or: head kngth on standard leuglll. Euch circle is the average of a group of measurements,
often HI (refel' to table 2. COIUlllllS 2, 8, and 4). Reg1'e8sioll line fitted to the data by the method of least squares.
Bta list.ies clesel'ihing the line givl::ll in table 3.

T"'IlI.E 3.-8fati8fics desc/'i.bi'll!J j'cP/,CSSi01IS ot body """wlI'fioHS 011. stl/lHl(/.1"(l, lenofil fo/, 1/(/lvo la/'va-o

:(Dependent. "UJ'iuble g

''''']lmi:'''",':-:c---::: ::: ::::::m:,:~~~;i:~,,~~:: ::-=::::::1
r=mc'tll of ,""Illes ofx.
ii=lIIe'1I1 of "alll<'s of g.

N=llllmber of size g'·OIlI)8.
b=rate of inCl'cnse of y. r
a=y interCt,pt or regression line•

•g·,r=stnlld,ml doviatfon f!'OUI "egresslon (st"nda"d crror of estiUl:lto),

Si7.e of
hu"\':w

Mm.
:So 2-~5. F,
3.2-10. ij

lO.li-2.'5. fi
3.2-12. ,;

12.5-25.5
3.2-25.5

ii I N b '/ ,g.,r--·1--------
12. w I ;~. 45 ;\\ I ('.21"-' I -II. 28~1 I (I.07':l

Ii. 9'2 I. fW Hi .20; .257 .OfM
17. ~G 3.45 11.; .142 . \lOt ,119
i.47 O. il IS . U~12 .O:tll . O~2
!s.~61 I:W H I ,OI;~ I .2~51 .U77
12.5(1 S.37 :1\ .41!' ,126 .103
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FIGURE 6.-Regression of head length, expressed as a 'percentage of standard length, on standarcl length. The curve
is fitted from the statistics given in table 3.

Dista:nrJe 11'011& snou,t to amtS.-The mms is
situated nbolLt four-tenths of the way back along
the body, and it retains this relative position
throughout". the. larval and juvenile stages. The
distance from snout to anus increases 0.42 mm.
for each :1 mill. increase in sta-nda-rd length (fig.
7 and table 3). Since the relation is constant,
this is a, useful taxonomic Chltracter. The dis
bUice f1'OIl1 snout to anus in jack-mackerel htrvae,
for example, is nearly six-tenths of the sta-ndar(l
length; he-nce jack-ma,ckerel larvae could be
separated from ha.ke. In-rvae on the basis of this
e-ll aracter alene.. '!

Body depth (<<t-J)eoto·1!al).-The la.l.'v:1. increases
in depth more rapidly during the en,rly part of its
development than during. the later part. The
rnte of inc-rense in body depth for larvae be
tween 3.2 and 10.6 Inm. in length is 0.21 mm. for
each 1 mm. increase in shtndanl length, and
for larvae between 10.6 and 25.5 mm. in length,
the_ increase in body depth a.verages only 0.14 mm.
for each millimeter inerease in standard length

• Of conrsc, thel'l:! lire other lIntI more trenchant charllcters for
sePllrating these tWe) species, such as the difference in number of
vertchme (24, os e'JIII!"lllred with more than 50), in pigmenta
tion, in sequence of fin fc)l'lIIl1.lion, and' In numberS of fin rays.

TABLE -t.-Body pj'oportionJJ of huke larvae

Body propo.'tloll~l"JlrcS~I'rI as
percentago of stnnrIanllengtl1

Sizo Standard
length

Dl}pth Distance
Hend ]~)'o at fWIll
length diametcr poctorals snont to

anus
------------

3.0-3.411101 ___ .. ____ . __ :-1.2 22.7 9.3 ~'9. 6 42.7
3.5-3.9111111 ____________ 3 " 23.0 9.lj 27.3 42.8.,
4.0-4.4111111 __ . _________ 4.3 23.5 9,4 25.1 42.7
4.5-4.9111111. ___________ 4.6 ~3. 5 9.9 2!i.4 43.3
5.0-5.4111111 _______ . ____ 5.0 22.8 9.7 27.4 43.3
5..'i-5.9111111 ____________ 5. i 2:1.9 9.8 26.4 45.0
6.IH\.4 IUm ____________ \\.3 2:1.3 9.\\ 24.1 42.3
6.5-6.9111111 __________ ._ ri.7 26.0 10.2 24.8 44.';
7.0-7.4111111 ____________ 7.1 26.5 9.8 ~5.4 45.2
7.5-7.9111111 ____________ 7.8 25.7 9.5 23.1 43.4
8.0-8.4 nlIl'- ___ . ____ .. _ 8.2 2(i.8 U.5 22.1" 43."
8.5-8.9111111 ____________ 8.6 25.7 9.8 24. ::! 44.0
9.0--{1..t 11Il1l. ___________ 9.1 27.Y 9.7 24.0 4~.S
9.5-9.9111111 ____________ 9.7 26.5 9.3 2:1.0 40.11
10.0-111.4111111 __________ 11).1 27.3 9.7 2:1.3 44.!l
10.5-10.9mlll __ ... _____ 11.1.6· 28.1 9.1 2:1.4 46.4
11.0-11.9111111 __________ 11. 3 26.8 9.5 21. 0 44..'i
12.0-12.9111111 ________ .. 12.5 21j, ~I 9.1 ~1. 0 4:1.2
13.0-13.0 """ __________ 1:1.4 28.6 0.5 21. :I 44.0
14.0-14.\1111111 __________ 14.5 27.2 9.U :!f). I 4:1.2
15.U-I.'i.9mlll __________ 1,=)••=) 28.5 8.9 20.2 42.7
IIl.0-16.91l11l1. _________ lu. i 28. i' 8.7 JS.11 41. U
17.0-17.9111111 _______ • __ 17.5 "l.7. i 8.0 19.U 42.4
IS.0~t8.9 nUII ______ .. __ 18.3 28.8 8.9 18.7 42.0
1U.0-19.9111111 _________ . J!l.I; 28.1\ 7.9 IU.3 41. 5
2O.0-20.9ml1l _______ • __ 21'.3 2Y. :l 8.1 18.7 41.4
21.0-21.9111111 __________ 21. 2 28.5 7.8 1!l.7 41. 9
?.!.O-22.9 ml11 __________ 2'~. 0 29.1 8.'2 18.6 42.3
2:i.O-23.Y 1Il1ll ______ •• __ 2::t (i 28.:1 8.2 18.2 42.1\
24.1)...24.9 mOL _____ .. __ 24.8 28.2 7.7 111.9 40. i
25.0-25.9mm __________ 2,;.5 ~.t.i 8.6 li.6 4:1.1

40.0--40.9111111 __________ 40.5 25. i', 7.4 111.0 39.S

4ti.ll--lti.9 olin __ .. ____ . _ 4fi. 2 28.1 11.9 17.3 36.4



306 }'lSHERY HULLE'l'IN OF' 'l'HE FlSl:f AND WILDLIFE SERVICE .

pig. S nnd t.nble iJ).· As :t result, the hake larva
becomes progressively more slender with hlerease
in size over 10.6 Jlml.

Hyc.-The eye of the hake larva is round, with
a ventral cleft developed in varyillg degree at
the point of the choroid .fissure. The eye does
Hot grow at auniforlll rate tliroughollt t.he larval
period. In larvae between 3.2 and 1:3.5 .mm.

.ill lengt,h, the. diameter of the. eye increases ll.p
proximately 0.09 mm. for each millimeter increase

~.in standard length, while in In.rvae between 1~.i)

and ~5.;) mm. in lellgth, the increase is only about
0.07 mm. for each millimeter increase in st.andard
length. The dist.ance from the snout to t.he an
terior margin of the eye is about. ·equa.l to the
dia.meter of the eye.

12O'i---T----T--......,r:---~T---.=;:.--_=;=---.-;.r_----:==r:--_=;=-----=r--,27.~2

10 10

lI)
0::
W

8"'8w
:Ii
:::;
..J

'i
~6 6
lI)
::>z
cr
~

54 4
0z
lI)

2 2

0 0
0 27.5

FWUlm 7.-Reg'I'essil.l1l of the llistance from Slwut 10 :1I111S 1.ln s1.:lIl1lard length. Eae;h circle is tllC' ano'rage (If a gl'OUp
of 11ll!aSUrements, often 10 (refer to table ::!, columns::!. U, anll 7). Stntistie;s describing the regressiou line, fitted
b~' the methnd of least. srJual'es, are given in l'aIde 3.

o V5
6 i---;;'::"---T~-"""'i=--~:;:---'=;:'---=;=---'-;'T'---::.r--..::.::y-'-------'r---.., 6

5 5

4

2

o ~I---:lIL:----:iL:-----:~1--T.!-=--~--7.!-:1__-::-__-±I::--_-±I;----=1::----:::!' 0
O' 2.5 5.0 7.5 ioo 12.5 15.0 17.5 20.0 225. 250 275

STANDARO LENGTH IN MILLIMETERS

}hGURE S.-Hegl·p.s8ion '-If grelltest body depth on stllnrlard length. Eal;1I circle is the 'I\"erag" of II gl'UUp of. meas
urements, often 10 (refer to tahle 2. cohullns 2, 3, and 0). '£\\'.-, regression lines lUl\'e heen fitted to the data
hy the method of le:ist. squares: one for ll1rvne 3.2 to 10.0 mill. in length, the other for inrlivi,luals 10.0 to 25.5
llllll. in length. SI·ntisties describing :the·.two .lines are given in table 3.
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Some specimens 8,[, mm. in length have l.l.ll of
the vertebrae developed, and all specimens 10 111m.
long have the full.complement.

The ranu:e in number of vertebrae for hake
larvae on ~dlich aceurtlte counts could be made
was from 51 to 55, distributed as follows:

SEQUENCE OF OSSIFICATION

F eJ'teO'i'{tl dewjlopllient.-1Vhen any' part of a
\'ertebra (spine or centrum) takes ltlizllrin sta.in,
the vertebra is considered as forming, aild is en
tered in our counts (table 2, colullln 8). In
erenera! vertebral deve.l0llment is from anteriore' .
to posterior. Ho\vever, the.;e are some interest-
ing deviations from this sequence which will be
discussed below.

The first vertebral elements to show ossifica,tion
are lleural spines, the anterior 011e.or two being
formed on some specimens as sma.11 as 4 nUll. in
length. Development of vertebrne proceeds
slowly until the htrva i!ehreves [t length of 7.5 nun.,
whereupon it is greatly accelerated (fig. 10, and
table 2, column 8), The centra do not show
ossification in smaller specimens but once initi
ated, ossification of centra proceeds rapidly. As
a result, the centra outstri p the neural spines in
development, as is s'hown in the following tab.le,
based on foul' typical specimens.

Size or Ia,'"a

i.f.l 11111) • -. - -------- - --

i.5 1I1T11. • ---------- -- _. - - - ----------

:s,.5 Illln •. __ ••• -. ------- - - -_ •• - - ----------.
\1.0 111111. ----.- -- -------; -- _- - - -- --------'1

N"umber 01
lU~uru] spines

showillg
oSfiitlcatioll

7
U

N"umber 01
centra

showing
ossification

Nl/lllbel"Q/
81lCclmel/8

51 \"crtcbr(le_~ ._____________________ 2
52 \"crtebrtle ~__ 14
53 vel'h::brne______________________________ 40
54 ';ertebrae · .:._______________ 25
55 ,ertebrue ~------- 3

Although the sequence of ossification is, in gell
ernl, from anterior to posterior, th9re are several
exceptions. The neura1 and haemal spines of the
third to sixth vertebrae preceding the Ul'ostyle
begin to ossify 'before other vertebrae in this pRrt
of the body. These a·re the most posterior of the
vertebrne with normally developed neural and
haema1 spines. However, the centra of these
vertebrae are 1ate in forming, being preceded by
the l:entm of the .penultimate :uid antepenulti
mate vertebrae.

The distinction between caudal and abdomin[\,l
vertebrae (i. e., vertebrae with 01' without haemal
spines) .is evident when larvae have attained a
-length of a.pproxinuttely 9.5 mm. The range in
number of abdomimll vertebrae is from 23 to 26,
wit!. tlte.majoritj' of specimens lULVillg either 24
or 2;-.. Soon after this distinction can be made, all
abdominal vertebrae except the first six show III I

outward and downward growth of the pura
pophyses to forJll a hony roof over the abdominal
cavity. This is it distinctive cluLracteristic of the
genus.

Bmncldostegal mys.-Specimens of 4.5 nUll,
in length ma.y show ossific[ttion of the upper
bmnchiostegal ray. The sequence of ossification
is from upper to lower. The full complement of 7
rn,ys is found on some speeimens lLS small as 7
nun" and on all specimens 9 mll1. or more in length
(column fl of table 2).

o 40

~ .' •• VERTEBRAE

_ ••• BRANCHIOSTEGALS

~ •••• CAUOAL FIN

_ ••• VENTRAL FINS

~ •••• lSI DORSAL FIN
~ ' 2nd DORSAL FIN

~ ANAL FIN

PECTORAL FINS", ..~_--------...

·0 5 ~ ~ 00 ~ ~

STANOAilD LENGTH IN MILUMETERS
40

J~JGUla; n.-Diagl'atmltic:: SUllIlIIllI'r of t!.le sequence of ossifklltion .c:ifbi\8iC meristic stl'uctnrcs in llillie IIII'\"II(~.
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0) __..2;...._---=~-~r-~r__-~T__-......:r_----=.r_---=r_-.....:::r_-~r_-427.5~r ~
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.lflGlTUE 10.-Dingl'U1ll of average number of veltebrae ossified in hake Im'\'IH: between 3.2 :\11(1 25.5 mm. in length.
Ench circle is the average of 10 or fewer mellsurements <" refer to table 2, columns 2, 3, and 8). When fully

. developed, the number of v~rtebl'l\e ranges between 51 and (.5,

l'eeth.-Teeth are present on the prema.xilla.ry
and mandible of larvae approximately 5 mm. in
length. In small larvae, the, ma.ndible has n,
greater llumber of teeth tlum tIle prenll~xillary.

By 11 mm. in length, the number of teeth 011 pre
maxillary and mandible is approximately equal,
and on specimens larger than this, the premaxil
lary has the greater number. This HW.y be seen
from the following tabulation:

Count of tr~th Oil OlIO
side

Gill nUile1's.-1l1e·)'Zucciu-8 p1'ocluotu-8 has a. higher
gill-raker count than any other species of hake
except 111. g~yi. Adult specimens of M. p'/'odllw
taoS have 4 or 5+14 to 17 gill rakers. The first
of t.he developing gill rakers are evident on la.r
vae just under 10 nun. in length. For ex~mple,

011 a specimen 9.8 null. in length, 6 gill rakers were
pl:esent on the lower limb .of the first a.rch; they
were only short primordia, nndnone were devel-

. oped on the upper li.mb. The counts ou 8 speci
mens of graded size were as follows:

Sizr' or larva

Premnxil
(urr

The teeth are unevenly spaced, not ulliform in
size, and te.nd to oe-cllr in irregul.a-r groups. ..(ll
of the teeth n.re either acutely conical or reellrved.
The anterior teeth are recurved and the posteriO!'
teeth are more nettdy straight.. The premaxillal'y
aml numdibulur dentitions become biserial when
the larva reaches approximately 30 nun, The
teet.h of the .inner row on either jaw are longest.
and depressible posteriorI)', as are those of the
adult'3. A double row of vomerine teet.h are found
on lttrger lal'vae; we have not determ ined the
exact size at whie-It these form.

Gill-I'aker count

Lu\n~..
11mb

n Ii.
n 8.
LI II.
2 12.
2' H.

14.
I fI or lli.
15.

UppOI'
limb

Sizo ofl,u'\'a

9.8mlll . . _
12.0 11111L. .
14.11111I1l __ . _ ...

18.III11I1L..•..
2:~.r\ lllUL_ . _.'.
~fi.n nllll __ .. _..... __ ". ,. __ . __ ., .. , •

11\::: ::::::::::; ---- -.... :::: ::::::::: ::::::::::::: ::1
----------'--------'----

The full" complement of gill ra},tll's is obtained
J..,y about 25 mm. iulength.

0rw(;u-lar a-ncZ p;'eopei'(;ullt1' 8p·i.nes.-There are
no spines. evident on the head or pl'enpe1.'culum
during the larval period. On the operculum are
two needle-like ridges, whic-h could be, misbtken
for spines (fig. 3).

Bea-les.-On hake larvae, the developillg scales
lI-re highly deeiduous, a.nd the sequence of scale

4 5
4 i
~ 9-10

22 I"',
45 411

is+ . G5+

6.8 mrn. • ,_,. _
7,0 mrn. . __ ' __ ,. . •
11.0 mm. . . .•
li.5 mm, . . __ .__ . •
20.5 mlll .. _. . . •
40.0 mm. . . ._.
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Number III caudnl ru)'s origiuating-

·----------1----------

The averttge mlluber of eaudltl rays fOllnd on lar
we bet.ween 5.5 and 4l'l mm. in length is given in col
1I.IBn 10 of ta.ble 2. The full eomplement of 42
to 45 eaudal rays is present in speeime.ns of ltp-·
proximat.ely ~o ll1m. in length. Young hake as
hll'ge as 46 l1un. in lellgth still have the posterior
edge of the euuda.1 rounded anel not. somewhat
truncat.e as in adults.

The fully developed eaueIltl fin is assoeinted with
the last n 01' 10 vertebrae (fig. 11). A.ll except
t]le last. 3 of these appelu' t.o be norma.1 vertebrae
with 101lg, sharply.inelined neural and haenml
r;pines. 'Ve have noted earlier that these spines
ossify earlier than surrounding vertebral struc-

and 1 anterior t.o the penultimate hypnral), ·rays
begin forming in the dorsal portinn of the fin.
'1.'1.16 fiL'st dorsal my to form will be the ray inulle
diately adjacent to the Ul'ostyle. DifferentilLtion
of dorsal mys t.hen proeeeds ant.eriorly.

Soon after clorsal rays begin forming, the pos
terior portion of the notochord flexes upward and
the posterior hypul'l11 assumes a terminal position.
.At first, the notoehord extends ahnost 0.5 nun.
beyond the posterior hYPllrul plate, but it gl'l1du
a.lly shortens so t.hat in specimens of 17.5 nun. in

. length it barely projects beyond the. hYPUl'al.
The V rays associated with the posterior lil1l1

penultimate hypurals lmve no do~'saleounterparts;
as interpreted by us, these ra,ys represent tJle
.,homocereltl" element in the development of II

gndid caudal tin. This point was missed by Bar
ringt.on. Ventral mys other than these 9 will be
equal in nmnber or 1 less t.han the tota.! number
of dorsal rays. This is tme both during format.ion
a lid n.Her the calldal fin is fully formed. The fol
lowing table based OIL selected specimens illus
tm-tes this:

4
14
21
2;
a5
as
40 .
4a
4:i

Tolta(

o
3
(;

9
la
14
15
17
17

Nut
associ
ated

with 2
principal
hypurals

4
S
~

9
9
U
Y
U
y

Associ
ated

with 2
principal
hnlllmis

Ventrully

o
3
K
(.

13
15
16
17
17

DOI'SQIl)'

SizourhlJ'm

li.~~ 111111 __ • • ••• _
7.8111111 • _
0.011111) _
II.U 111111 • • _
l3.lIllllll . __ . . _
14A 111111 • _
lS.0 111111 • • __ • • _
~J.4 111111 4 __ • • _

17n.o mIll. (i.'P'Il·ox.L . . ~

1. Lan:ll pectorals (without l'tI)·s).
2. Caudal.
3. Ventrnl" (pelvics).
,I. First dorsal.
(' allll O. Secolld dor"al llwl alla1 (sltllllltallellllsly).
•. Pect"ral" (With my;;).

These tins are diseussed in order uf their fOl'lll;l
tiOll.

La'l'val peotoml fin8.-The pectomls beg~n form
ing during the late embryonic period, and are
fnlly developed on la,rvae about ;J 111l11. in lengt.h.
They I!onsist of a. fleshy base and a wide undiffer
entia,ted membrane without' rays. Ruys do not
api)ear u~ltil late in the htrval period, and until
then the pectorals are designat.ed as larval fins.

(fa.udal fin.-The eltUdal fin of t.he hake hns been
elassed as a "pseudoeaudaF' type by BlU'ringt.on'
(1937) and other workers. The development. of
t.he enucla.l in t.he hake differs in a· number of ways
from typieal hOInoeei'eal clludal development lLS
found ilunost. fishes (for example, t.he jaek nll\C'k
erel, disc.ussed in the first. paper of this series).
However, we canllot. agree in an details with Bar
rington's interpret.ation of eandal development. in
the cod and related groups, as is pointed out in
the following discussion.

The first evidenees of cauthtl-fin formation are
vent.l'lll and dorsal thiekenings neal' the post.erior
t.ip of the not.ochord, found on sOllie hake larvae
as slllall as 4 mm. in length. Even in speeimens
only slightly In-rger than 4 mm. t.he rudiments of
HloSt hypllrn.l and epural element.s can be dist.in
guished. llays do not ltppe-nL' (i. e., take stain) un
til the larvae are 5.8 llllll. or more in length. The
first rays forlll ventrally.. USllally, when nny rays
can be dist.inguished, severaI Iawe ltlready ossi
fied. Ray differentiation is initiated simultane
ously on the penultimate and posterior hypurals.
The 3 rays assoeiatec1 with the pennIt'im ate hypll
rnl different.iate anteriorly; the 6· rays on the
post.erior hypurnl di fferentiltte posteriorly. U su
ally, when abont 7 vent.ml rays are differentiated
(3 on posterior hypuml, 3 on penult.imate hypnral,

SEQUENCE OF FIN FORMATION·

The sequence of tin formation in the hake is as
follows:

fOl'l11ltt.ion has not been cu.refully studied. N()
scales were observed on larvne of 28 111m., but sHlal I
scales were found on larvae 35 mIn. in lengt.h.
The 40.5-mIn. and 46-Inm. speeimens were heavily
scaled.

31 no73-[.5--3
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Size uf ku'\"u

tures. The uJltepenultimate and the penultimate
vertebrae ha.ve norlm~l centm" but modified spines.
The haelnal spines of these vertebme have been
modified into hypurals by fusion with ventral
radials; 5 the neural spine of the antepenultimate
ve.rtebra .has been similarly modiHed into ~m

epural, but the neural spine of the penultimate
vertebra hus been reduced to a short renmant.
In addition, there are five rod-shaped radials
(three dorsal, two ventral) associated with these
two vertebrae: two of the dorsal radials lie above
the penultimate vertebra, the other dorsal radial
lieS forward of the anterior epural; the ventral
radials a·re locate.d on either side of the anterior
hypural. The terminal vertebra, or urostyle, is
roughly conical in shape but bent upward. It
fuses with the single, broadly triangular posterior
hypural. Since the urostyle forms from a single
center of ossification and fuses with a, single un
divided hypural, there is no indication that more
'than one vertebra is involved in its origin.

An examination WtlS made of the caudal por
tion of a number of young hake between 150 and
gOO nun. i.n length. The principal mys number 23
or 24 (gl or 22 brmiched mys, plus the adjacent
unbranched rtl,y on either side) ; of these, 7 or 8
are dorsal in origin, Hi are ventral in origin.
The posterior 4 mys of dorsal origin are attached
to the dorsal rtldials tll1d the epural, one to each
element. T\velve of the 16 principal rays of ven
tral origin are associated with hypural elements:
6 with the posterior hypuml, 3 with the penulti
mate hypural, and 1 each with the other 3 ventml
elements. Some of the more anterior eaudalrttys,
both dorsal and ventral, appear to be articulated
with unmodified neural and haeulal spines; the
remaining rays lie between the spines tmd have no
bastll skeletal supporting elements whatsoever.

Yenb"ml (pel'oie) ft;1l8.-At approximately 6 mm.
in length, ventml buds can be disL'epled. Rays
may be distinguished in some spe.cimens as small
as 7 mm., and the full complement has formed in

• We ar", using the same nomenclature as th.at givNl in White
house (1910, p. 138) and Bat'ring-ton (1937. p. 4,18). Accord
ing to Barrington, "A hypural ma~' be defined as a. vcntral ele
ment $iil)plH"UUg. 1.l1lI~ 01" 1l10l'e lelJil.lotl'ichiu nlld making Clllltact
with the notochordal axis. being subsequentlY a.ttacllCII to n
vertebra; it is presumed to be compo$(:l1 oC iL lmmmti ~'LJille f1l81~d

with a. ventral radial. An epuml is a dorsal elelllent with
analogous relationships. find Is presl1ll1ed to be composed of n
neura.l spine fuse(l with a dorsal radial. A radial is a <1orsal '01'

ventral elenlent SlIl)porting one 01' Jll('l·e.lepidotl'ic:hin, but llflt

making contact with the 1lOtochol'dai Ot' Yel'tel,rnl axis." It
shOUld be noted that this terlllinolog~' differs fro III that uscd b~'

Holllstel' (1036).

all specimells 11 HUll. long. Our specimens invar
iably had 7 ve.utra.l mys (column 11 of tnble ~ )..
'WhelL the lal'vais 6.S mm. in length, the ventml
fin is O.:!5 lUlU. long. At about 17.5 mm. the ven
tml fin is g.5 nUll. long and extends just to the aJlUS.
The post.erior tip of the ventral Jin reaches no
fa.rther than the fi.1IllS until the larva is at least
23.8 mm. in length. A specimen 46 nUll. long had
ventral fins thi~t were 5.5 nUll. in length and ex
tended 2 mm. beyond t.he anus. The following
ta.ble shows this development:

I LCIlg:Lh of vontmllin
------1-------

Mm.6.8mnL 0.3.
8.., 111111 • •• __ • 0.5.
9.4 mlll . . .. __ 0.8.
14.0 llllll __ . . ~ 2.1.
li.:l IUIlI . __ . __ . ~ ."_~ 2.5 (extends to anus).
17Ji nuIL_. ~ ~_.~ 2.1) (oxtends to :lllll~).

~3.8 IUIlL __ . 3.2 (extends to 8nus).
46.0 1U1Il. __ • , ___ __ __ __ __ __ 5.5 (oxtends 2 lUlU. hC~'ondmllls).

FiNt dm'sal fin.-The anterior mys of the J1rst
dorsal develop first; il ilfel'ellti ation then proceeds
posteriorly. About hidf of the specimens in the
S to 8.5 mm. size. group possess 1 or more rays in
this fin, and all SLje.cimens more than H•.5 mm.
'have the fnll eomplement of 10 01' 11 ra.ys (column
19 of table ~). The thinl my is longest; the
second and fourth are nearly as long; the first
ray is iipproximate.Iy three-fourths as long IlS
the third. Behind the third ray the' elements
become progressively shorter, with the eleverith
ray about one-tenth the-length of the third.

Sao·nd dO'1'8(£1 wnd anal fin8.-Since these fins
nre formed simultaneously, they will be eonsidered
together. Antll rays lll'e found on some speci
mens as small as 8.6 nun., llIld on all speeimens
more than 9.2 mm. in length. - The mys usually
appear snc~dellly; the lowest number counted on
ltuvae- having differentiated tlIlal ra.ys is 15. The
rays forlll from two centers, whichwould cor
respond to the divilled anal Hns in other gadoids.
By t'.7 mm. in length, the. ttvemge number of rays
pel' specimen is ~s ;~y It) mm., the full complement
of 41 to 43 mys is developed (column 14 of
t·able 2).

Rays in the second dorst~l are tllways found on
specimens showing ossification of. n.nn.l 1,'t1..y8, but
as few as 4 rays may be observed on some speci
mens. Soon, the numbers of second dorsal u.ncl
n.nal rays correspond rather closely, nlthough
there a·re usually u. few less second dorsal rays
t.han anal r1lYS. Ra.ys in the see-ond dorstll also
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The full complement of 14 to 17 rays is a,t'taine.d
between 30 and 35 mm. in length. Unfortunately,
we did not have hake h~rvae in this size range, so
thq.t we could more exa.ctly delimit the size at
which pectoral ray formation is eompleted.

form from two centers, which woule1 correspond"
to the second and third dorsa.l fins in typical cods.
The full eomplement of 40 to 42 rays in t.he seconel
dorst~l is found on specimens of approximately
16 mm. in length (eolmnn 13 of table 2).

The post.erior rays of both t.he anal and the
seeond dorsil.! aTe the last to form. The terminal
my of each is short and unbranched, differing in
this respeet from the majority of fishes, which
have bifureat.e terminal ra,ys on dorsal and anal
fins.

Pet'toial fi-1l8.-The larval pectoral, which de
velops shortly before hi~tehil1g us a l1eshy-based,
fan-shaped structure without. rays, persist.s un
changed until about. 17 111m. In some specimens as
long as 25 mm., no rn.ys were _observed, but 1110st
speeimens more than 24 mm. long hl1.ve 7 or more
pectoral rays. The upper ra,ys of the pectoral
form first., and differentia.tion then proeeeds ven
trally. The number of pectoral rays on 7 speei
mens between ~3.S and 36.5 mm. ,,,el'e as follows:

; 20.5 mnL __ ... ._.~

i 35.5I1ll11 . .. _
10 36.5111111_. •.. _
12

Siworlan"u

23.8 1111l1 . _
25.5I1ll11. . _
2;.8 m01 _
28.5 mm . _

Numbul"or I
poct.oral

I'ays
Size. or hll'nl IN'umbcl"or

IJCct('I'al
1·:lY~

13
15
15

DISTRIBUTION AND ABUNDANCE OF
LARVAE, 1951 AND 1952

The lmke larvae ta.ken in plankton collections
made on snrvey cruises of the- California Coop
erative Oee:1-Jlic Fisheries Invest.iga,tions ha,ve been
identified and enumernted routinely. The basic
data on oceul'l'ence and abunda.nee of hake larvae
in 1.951 a11(1 1952 a·re- given by Ahlstrom (1953
and 1954).
. During 1.9:)1. and 195~, eruises were spaced at

monthly intervals, exeept in December 1952. Dui'
ing these yenTs the lenst extensive coverage was
from Point Conception, Calif., to Point 8im Juan
ieo, Baja California; t.he most. extensive wa.s from
t.he California.-Oregon border to the southern tip
of Baja. California; the. usual coverage was from
San FrancisCoo to Point San ~Tuanico. The cover
age during 1952 was somewhat less extensive than
the co-\'erage during 1951, but was more intensive,
especially within 100 to 150 miles of the coast."

OemwJ estimates of abn-Ilda-Jwe.-Estimates of
abundance of hn.ke larvae in 19fi1. and l!:l52 are
given in t.able 5. The values r~presellt census
estimates of the number of hake larvae in different
parts of the survey a·rea at the time of eaeh
monthly cruise. Such an est.imate is obtained by
integrating the standard-haul totals for larvae
over area, but. not over time. Size of larvae is
not. taken into aecount; henee, a 3-mm. lan'a is
gi ven as much weight. as a 30-mm. larva. Al
though rn-te of growth of hake Ja.rvae has not been
determined, eomplete larval development must re-
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. .
T"\lII.E 5.-CenslIs cstimate of 1I."1II1,er of "'alcc. lar'vae in 8/wll e!! (/'1'ca dHrinf/ eadl crllise of 1951 (/.11.((,1952

lIn billions]

. ..' Fchru- ),.. 1J.lIlll.u;.. nJ'~. ; 1.lrel June July Oeto- No\"cm- Decem-
hcr bc" bcr Tntnl

---------------------_.-------------------------------
/95/

Lines fI.J-67...................... 84
.--~----- .------.- 170 6 0 0 II 0 0 0 0 260

i1l-i7_____ . __ ~~ ___ ----.--. 77 . - - ~- --.- __ • ____ a. .;111 5 n 2 0 II 0 0 0 594
80-87.. __ . - - _. - - .. - - - - ~. - - I 839 4,387 4,452 !J.l 7 0 0 0 0 I 8 9.789
\lO-97. -------_ ... _-._----- 5 1182 1,968 1,288 :i4 18 0 0 0 4 0 II 4,299

IOU-1m... , ................. I 1,422 14,888 2,384 47 :j 0 0 II 0 0 (I 18,745
110-117_............... _.... 0 197 461 338 24 :j4 0 I 4 ·1 4 12 1,076
120·-127..................... ". 318 73 !li9 1113 ~!i II 1,1 II n 0 0 726.1

l:iO-137..................... 36 739 1>12 l!I:i ai' 8 I II 0 U 0 0 1,621)
Line 1411 nnd bclow .. __ .......... -- - _.-- -- ----. - --- 12U --~. - - --~ -- - -- - --- IU _.. --~ - -. - - - -. _... II -_. -. ---- ----. - - -- ----.---- 13U

--------------------------------------
1'01'·,1. _ . 231 4, 497 2~, 50\1 Po 4t1fi 114 14 2U a7, ~45

34 1.1 0 0 0 n 0 0
49 4 0 II 0 11 1'1 11

121 2ti ~ 1'1 II II 0 U
7, 9'~2 1J7 14 I n n 0 I)

I'J! 6 0 11 II 0 U 0
88 3 11 11 " II 3 0
39 2 3 0 f) II 0 II

211 8 3 0 0 II 0 0

195&
Lincs 60-67._ __ _ __ .. _ .......•• 34

7n-n _ _ __ _ ';3
80-87.. _............. 2 12 2,234 2.404
00-97...................... 7 ,<;,5-31. 13,803 27,375

101\-107..................... II 51 2,087 3,045
1I0-1l7..... 0 1.797 69'; 2,588
120-127..._._. . __ . __ 4 ~'80 256 ·584
130-137... __ _ 310 317 291 1,140

Line 140 'U1d below __ •.. _. . 93 __ .. _.............•......... __ •............... "_'."" 93

Totn!.. .. _ _ _. 323 S. 081 19, :i60 9. 301i 146 o 3 o ... _..... 37,311;

-----·I~-----I---------

Ha·ke larvae were taken as far north ~lS San
Fralleisco, as fa-r soutll as Ca.pe San Lucas, a.nd as
fa l' seaward as 350 miles (off southern California).

Ha.ke larvae were taken in gren.test abundance

Billioll. Billio".
NOl"th or Pllint Conccp- 60-,7______________ 854 2.3 Si 0 ·1

tion.
SouthcrnCnliromhlnn(J 81'1-107.... _.. __ .... 32,833 88.1 32,824 88.0

adjaccnt Bajn Cnli·
Cornin.

Centrnl Bnj" CnliComin_ 1I0-I:i7 3,428 9.2 4,312 11.0
Southcl'l\ Bnja Cali· 140,,1\0.\ bel,.w.__ __ 130 .4 93 ~

Cornhl. .

TotnL. 1 - - - '137,2:i5liOii:OI3~~~I~ 1 100. 0

• 1.'11" urc.. bctwccn Point Conccptlon fillll Capc l\Icndoclno
Clines 40-77) wns sun-ere'l Rt lIIonthl~' inter"als, Fcbrn:lr~'
through Septelll-Iocr 1950, and ncarl~' 1!l pcrccnt of the hake larvac
collected in 1950 werc ob1':lincd in this nre... Howevel', all col·
lections from north of Point ('onccpllon. exccpt onc Occurrcnce
"If Capc IIfcndoc!,",. wcre obtaincd "n lines 110-77. Hcnce, in
1950. hoke l;pnwnlng nnrt.h of Son Fl':lll('h.cc) wn~ IH~gllgib];\"

smnll In amount.

off sout.hern C;Llifornia and adjacent Baja ClLli
fornin., between Point Conception and San Q,uiu
t.in, station lines 80-107. Approximately 88 per
cent of the hake la.l'\'a.£' collect.ed in bot.h 1951 and
19:)g were taken ill this area.

Two centers of hake abuilda.nce were encoun
t.ered in 19!)1 (fig; 12), one jus~ south of Point.
Concept.ion (lines 80-87), the ot.her ecntcring off
northern Baja ealifol'1lia (lines 100-1(7). DIll'
ing Ul5~ (Jig. 1:3), t.he center of abund:lnce was
off. San Dieg', (l ines 90-97), fltlling off. sharply
both t.o tiu-'. north ;lI1d to the south of t.hjs area.

Only l~ Ininor percent.age of the hake la-rvae were
taken't.o t.he north of Point. Conception: 2.3 per
cent during 1951, a,nd 0.2 percent during 1952.
However, coverage of t.his area. was inadequate,
since it was not. visited during February and Mareh
of either year, and covemge did not extend nort.h
of Sail Francisco dming the hal{e spawning
senson.';

Sea.son 0/ Of}o'/b'1'J'enoe.-The monthly abundlUlce
of hake is summarized in t.able 6. Hake larvae
Wel'e taken in abundance only during a 3-mont.h
period, February through April. Approximately
flS percent. of the hake la.rvae were taken during
these months in bot.h HI;)1 :uld 1952. The pea,k
II1llnth during both sea-solis was :Ma-rch; more than

191i2

Census cstllllnto

1951

N"UlII- Per- NlIm~ PCI'-
bel" cent bel' cent

A"cn

quire m.ore than a month; conseqnentJy we re
sampled some identica.l groups of larvae on succes
sive eruises. 'Vith these limitations, it is obvious
that a· census est.imate is a rather primitive meas
ure of n-bundance. Nevertheless, census estimates
t.hat eover similar areas at regultu.' int.ervals of
t.ime (in our case, monthly) a-re comparable fIll'
succeeding years, even t.hough the estimates are
relative, rathel' than a·bsolut.e, melLSl\l'eS of
abundance.

The estimates for 1951 and for It152 are remark
ably similar-37,250 billions as comp·a.red with
37.300 billions.

~4:1'Nl 0/. OOC'll1'1'enoe.-Tile· abundance of ha.ke
la-rvne in different. parts of t.he survey area. mny b,e
summarized as follows:
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FIGUUE l::!.-Distribnti(ln alit.! abulIllallcc of hake larvlIe in UJ51. ClIllllllnth'e totals represent the snlllmntioll fOlo

the ~'ear of the stllndnrd-hallI totnls of hake larvae takellat each station on each cruise.
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FIGURE 13.-Distribution and abundance of hake larvae in 1952. Cumulative totals l'elH'eSent the summation for
the year of the standard-haul totals of hal,e larvae taken at each station on each cruifse.
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half of the yearly total was obtttined during this
month. Only negligible ttJIlounts were taken dur
ing the latter half of eaeh year.

'.rAIlLl; 7.-Hori::ol/-tal olosi-ny-net h(/Ill.~ lIIade at 8ta·tion
1/4.S0 on jJ[(/·I'cl~ 24-25, 1[154, tostI/fly ·rertit'a/. distrilm·
Hon of halve eggs aml1arvae

l'AIlLE G.-Cen8U8 e8timates of abundance of hakc 1al'N/!!
by month8, 1[151 aml1[152

i\lidtilllc of haul'
Ave"age
depth uf

haul

W"l.er
temp(-!l'i.\

ture

Ahun<lancc
of Imkc
eggs'

NUlllhe.r
ofhllke
lUI'\'ae.

--------I------~---

Number jlol'cont NUlnbol" pOI'(:ont

'rotlli. •• __ • __ __ 37.245

DoS seri~s: Mtlel"8 0 C.0910__________ . _______ r- 14. I 0 650940_________________ . 7 14. I 0 85100.,_ .___ . __ . _________ 18 14.1 0 24
1025.. __ -- --- --- -- -- 28 14.0 0 131105__________________

41 14.0 C 451140_________ . ________
5.3 I:l.S A 156

12:~1I ______________ . ___
COS 13.2 A 2821305. _________________ 102 11. I U 221:1511__________ •_______ 135 0.7 0 01425_____ ~ _______ . _. __ 201 8.6 O· 0

Night scl'jes:
2Q:lO____ . ____ •____ • ___ 0 14.3 0 1521!lO___ . _____ ._. ______ 7 14.3 0 6
2125~ ________ . _______ . 17 14.3 0 42145__________________

Zl 14. :1 R 12310_____________ . ____ 42 14.3 A 2
23-30 __________________ 02 14.3 A 92OllilO. _________________ 64 l4.1 A 1,619
11025. . - ---- --- - - --- -- 101 10.8 R 80135_. __ . ____________ • 1::!7 9.9 0 00215______________ • ___ 200 8.7 0 0100.01

1952

HilliMl8
323 0.87

8.0S1 21.l16
IO.3l\6 51.80
11, 36ii 25. 10

146 .39
20 .08
I 0 .
2 .01
II 0
3 .111
n II

0.62
12.07
60.43
25.49

.04

.31

.04
o

.OJ

.01

.01

.05

I05l

Hill;,,,1S
231

4.-1\.17
.,., 5iJ0-9: 495

350
114
H
1
4
o
o

:!II

Month

{~b~~~~;~:;;::::::::::::::::::::::::
~hlrch _
April.. • . _
May. •. _
.T llllU __ ~. _•• • _•• _. • _
Julr. __ . __ • .. _
AlIl!lIst•• . _
September . _
Octobel" . • _
Nf)vemb~r •. _
DceembOl· . _

The distribution and a.bundance of hake larvae
on the monthly' survey eruises made during' the
first (i months of 1951 and 1t)52 are shown in
ligures 14 through %. On most eruises, neither
the north-south extent nor the offshore extent of
lmke larvae was delimited. .

Vertical dist1'ib·nt-ion.-In late March 1954, on
a special cruise of the research vessel a·rest, an area
of abundant hake spawning was located about 200
miles off San Diego. 1'0 obtain information on
the vertieltl distribution of hake eggs and larvae,
two series of hauls were taken at station n4.S0:
one during dltylight, the other during darknefls.
Each series consisted of 10 horizontal hauls made
at· successively .deeper levels. The hauls were
made with a net that could be opened and closed at
any desired level. A comparable fishing time of
10 minutes (between opening and closing of the
net) was a.llowed for each haul. The results ltre
sumnHLrized in table 7.

HiLke eggs were tltken between 27 and 10~ meters
deep, hake larvae between the surface and 102
meters cleep. The Iltrgest concentrations of.
la.rvae were taken between 50 and 100 nieters deep.
More than 98 perc-ent of the 111tke larvlte collected
in the night series occurred at this level, with most
of the lal'ViLe clustered at one depth (64 meters).
The stratifi,cation was less marked in the day
series: the five hauls above 50 meters avemged
46 larvae per haul, while the two hauls between
50.a.nd 100 meters avemged 219 larvae, l"tbout 4.7
times liS ma.ny. No hake lnrVlte were taken in the
two lower hauls of each series.

I l'a(.ific standard time.
'Hakc eggs were not (·olmt,:(l. S~'mbols used to indicate abund,mee:

R=few; C=eollllllon; A=abundllnt.

In addition to the above series, some hake larvae
have been colleded incidentl"tlly in hauls made
for studying the vertica.l distribution of sardine
eggs ltnd larvae. These were taken off southern
Cnlifol'lliit, in H)41 and subsequently, all wit.hin tt
rndius of 120 miles of San Diego. The hake la.rvae
tn-ken in these eo]]ect.ions are listed in tn-ble 8.

TABLE 8.-0cGlM'J"cl/co of lwlw 1(/./"1'(/.13 in colosi'ng-net hall-Is
1/1-(I(lo to in'vcstigate tlLevel'tical (li8trill/ltion of fish egys
(/1/(l larL'(/e

[All hauls made off southcm CaliCornhl]

NlImh~I' or larvac

Middepth
.,f haul

----1---- ------------------
3 meters_ __ II II II 0 0 0 II 0 0
10 meters __ ._•• __ () 0 0 0 0 0 0 0
20 metcl's_ _ n 0 0 0 0 II 0 0 0 0
27 metcrs. _ 0 0 ;j nUl n 0 0 4
40 m.,t"l·S__ 3 0 0 2 2 ~ II 0 3 18
.~7 meters_ _ 10 14 9 20 0 I 4 0 2 2 61
'i5 meters_ _ 0 7 4 13 I 0 0 12 0 46
100 metel·s. ._ I 0 0 0 0 0 I
140 meters_ 0 I 0 I

1'OtllL~ -21 22 -35" -""31--8--11"""14 --5m
I Series repeatcd in s"mo locality, N =:It night, D =dlll'illg daylight.

Hake were obtained in seven series in small
numbers (1 to 3~,) larvae per series). The depth
distribution of these samples is simihtr to that
obtained at sbttion 94.80: most larvae were ob
tained between 50 and 100 meters; however, no
larvae were taken above 27 meters deep.
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I!'IGURE 14.-DistributiOIl "and abundance of hnl,e lar,"ae dUl"ing Jnlluary 1951.
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la.rvae were obta,ined dllrillg vertical distribut.ion .
studie.c;. The overall temperature range at an
st:~tions nt W11]('.h hnke la.rvne were obta.ined was
grenter, beillg from 8.6° to 18.5° C. Only a.bout
4 percmit of the oecurrenees ,~'ere lIt temperatures
greater tha.n HiO C., howeyer.

Celltigmde

S.liD-y.O·.______________ 4 0 0 0 4
9.10 -IO.Uo .____ 3i :l9 4 0 iO
1O.lo-IUlo 56 :Ill 16 I 10:1
Il.lo-12.Uo_____________ 41 42 24 II 11:1
12.1°-13.0° .__ 38 18 Ii 9 82
1:1.1°-14.(Jo_____________ 2S 20 19 4 71
14.1°-15.0°.____________ 27 2i 2:1 i 84
15.Jo-1I1.00_____________ 1~ Jij . 5 0 :14
16.Jo-li.Oo. • •• 9 ,~ I 0 15
17.1°-18.0° .. • .__ 5 2 0 0 7
18.1°-18.5°_____________ 2 I) (J 0 2

'l'ulnl • .•••--;ml~-wg ------;----ss5

Relat-ion to tmnpentt'(£1'c.-The temperatme
ra.nge over whieh hake In.r"ae were tn.ken at station
94.80 wa,s between 10.8° and 14.3° C., nnd in the
other depth-distJ'ibution series it wns between
11.0° and ]:';.4° C., with most Ia.rvne occurring nt
temperatures between.n.oo nnd 14.3°. The lnrg
est concentrn.tions of hake Ia.rvae occurred lwnr to
01' within the thermocline.

'With the limited informn.tion on hand about·
the depth distribution of hake larvae, it is diffi
cult to re.}nte. the distribution of hake. larvae taken
on sl11've.y eruises to temperature. In making such
:1· comparison, it is desirable that the temperature
at ench station be expressed as a single va.}ue..
This value cn.n be either the. avernge of a de.pth
zone· ·(the stratum within which mOf;t lnrvne
occur), or the tempel'lltm'e at n· select('(l depth
(prefernbly the depth at which the la.rgest con
centrations of larvae occur). A problem arises
in selecting either a depth zone or a· particular
de.pth, for ther~. is some evidence that the depth
distribution 'as detennilled from special studies
(tn.bles 7 and 8) may not be typicn.l of the gen
era.} distribution of hake In.rvae. The yen.rly
catch of hn-ke hll'vae was increased severa.} -fold
when the nvel'llge depth of hauls was hicren.sed
from approximately 68 to 135 metel;s, indicating
that a. la.rger proportion of hn.ke la.rvae occur
between 68 and 135 meters deep tha.n in the strn.
tum. a.bove. Obviously, more work is needed to
determine. the usual depth zone within which hake
occ.nr, and the relation of the depth distribution
to snch feature.c; as thermocline depth a.nd latitude.
Consequently, we have not tried to obtn.in the
a.verage temperature of a depth zone.

In nw.king temperature observations at a hydro
graphic. station, thermometers a·re usua.lly spaced
at only foul' depths in the stratum betwee.n 50 and
150 meters, these depths being 50, 75, 100, and
150 meters, In selecting a level that will rep
resent the usual concentration of hake larvae,
awl yet have a. directly determined, l'lIther than
an intell)olated, teniperature value, one of these
rour lle.pths should be used.. ",Ve have selected
the 7iJ-meter level. The nbundn.nce of larvae in
reln.t.io~1 to the tempemttire at this depth is slIm
mar.ized in tnble fl. The large eoncentrations or
hake larvae (1,001 or more pel.' st.a.ndard haul)
were· taken ov('r n. i.f.-degree telllpernture range,
10.6° to 15.0° C.' This temperature range is very
similar to that found at the depths where hake
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ADDENDUM

The interestillg paper on Arneriea.ll hakes by
Ginsburg (V,7hitings on the coasts of the American
continents, U. S. Dept. Interior, Fish and "7j1dlife
Serviee, Fish. Bull. nn: vol. 5G, pp. 187-208) was
nnt seell by the a.uthOl's until the present paper
was in page proof. Ginsburg reports two species
of ha.ke froill oW \\"estern North America, ille1'

l:uCOht8 1J1:od'!tOt1t8 and lIf. (til,gUJ8ti1llAJiJl,1t8 Ga.rman.
Eight specimens of the latter speeies, eol1ected
between Del :Mal.', Calif., and PanamH, \\"e1'e exam
ined by Ginsburg.

The me,ristie ch:~mct.el's of tlll~ two species, as
given by Ginsburg, a-re as follows:

.I!~i1"8t £1or"al _
Second dOI·8aL _
Anal _
Pectlll":lL _
Gill rakers _

Scnles (intcI'nl lillc) ..:_

M. "ro,l"d"o
10-12
39-44
41-44
14-Hi

4--5+13-18
147-106

J1T. flll!lllslim(lJl-l'~

11 01' 12
':IIi-8ft
:::7-40
]5-17

. :1-5+12-14
1:1(1--140

o

.A It.hough lIot mellt.iolled in tll~ body of the
paper, a careful examill;tt.ion was made of our eol
leet.ious of hake eggs a.nd larvae to deterlll ine
wllether one or t.wo speeies were represent.ed. 'Ve
eould HOt. 1i lid evidenee of Illcwe than one speeies.
All speeimens 011 whieh the dorsal a.nd a·llal nilS

wel'e fully l1eveloped hn,d 40 t,o 4~ mys in t.he see

onrI (hn'sa.l. a lid .40 t.o 4(:rn:ys in the n.w,], Th us, our

speeilllells wej't' outside t.he l'allge ginm by Gins

bUl'g for AI. «:/I.[lu8ti:1I1,«'1i:1/.8: but. witIlin the range

assoeiated with ill. P"/'Od'Uot-I/8. Appa-rent.ly, ill.

CN/.(/u8thn«'Ii:u8 eit.her does not. spaw II with in the

area. routinely surveyed 011 eru ises of tIle Califor

nil~ Coopemtive Oceanie Fisheries Investigat.ions,

or the spawllillg tn.kes plaee at a deepel' level t.han

that. sampled hy the hauls.




