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PILCEAED EGGS AKD LARVAE MD OTHER FISH LARVAE,

PACIFIC COAST, 1951

This report contains the results of quantitative sampling of pilchard

( Sardinops gaeyulep,) eggs and larvae off the west coast of California and

Baja California during 1951. (The area surveyed is shown in figure 1.)

Although the collections were designed primarily to yield information on

the distritution and abundance of pilchard eggs and larvae, a not unexpec-

ted byproduct was information on a number of other fish of present or poten-

tial commercial importance. We are including records of the larvae of five

of these: northern anchovy (Engraiilis mordajc ). jack mackerel (Trac^urus

symmetricus ). hake (Merluccius productus ) . Pacific mackerel (Ppietimatoicihorus

diego ) and rockfish (Sebastodes spp,).

In the tables, pilchard eggs are enumerated by age (in day^ since

spawning; pilchard and anchovy larvae by size categories; and for the re-

maining species a tabulation is given of the numbers taken.

The haul data for the 1951 collections have already been presented in

the report on "Zooplankton Volumes off the Pacific Coast, 1951" (Special

Scientific Report: Fisheries No. 73, May 1952). However, a record of the

standardized haul factors was not included, and they are presented as Table

I in this report.

The investigation of the extent and amouut of pilchard spawning, and

of the survival of pilchard larvae in relation to oceanographic conditions
constitutes one of the major lines of research being pursued by the South
Pacific Fishery Investigations of the U. S. Fish and V/ildlife Service \inder

the California Cooperative Sardine Research Program. This program is spon-
sored by the Marine Research Committee and is being carried out in conjunc-
tion with the Scripps Institution of Oceanography of the University of

California, the Bureau of Marine Fisheries of the California Department of

Fish and Game, the California Acadenjy of Sciences and the Hopkins Marine
Station of Stanford University. It is a pleasure to acknov/ledge the whole-
hearted cooperation of the above agencies.





AREA COVEEED

The area BurTeyed during 1951 is shown in figure 1. The month "by

month coverage, hy area, is summarized in text table 1. There were 12
survey cruises made during 1951 • The average nimber of stations occupied
per cruise was 120, but as few as 65 and as many as 170 stations were
occupied on a cruise.

Intensity of coverage in different parts of the survey area varied
with need. The area off northern California (Lines 40-5?) was surveyed on
only two cruises made in July and August. The coverage off central Cali-
fornia was much more thorough, stations having been occupied on Lines 60-

77 during every month except February and March. The area between Pt,

Conception and Pt. Abreojos (Lines 80-137) was surveyed monthly during 1951

»

although the coverage was abbreviated in December. The area off southern

Baja California was surveyed three times: during March (Cruise 23), June
(Cruise 26) and September (Cruise 29).

Six vessels participated in one or more cruises. These were the
CEEST, HORIZON and PADLINA T. of the Scripps Institution of Oceanography,
the N. B. SCOFIELD and YSUDWUSi of the California Department of Fish and
Game, and the BLACK DOUGLAS of the U. S. Fish and Wildlife Service. Two

to four vessels were used on each of the monthly crtiises. A tabulation of

the vessels employed on each cruise during 1951 is given in text table 2*

Text table 2. Research vessels participating in the
collection of material during 1951'

No.

Cruise vessels BLACK N.B.

Month No. used DOUGLAS CREST HORIZON SCOFIELD PAOLDfA T. YELLOWFIN

XJanuary



METHODS OF SAf-lPLING

The nets used in the collection of fish eggs and larvae were construo-
ted of No. JOxjcs. grit gau'/.e, a heavy duty grade of silk holting cloth. The

openings 'between meohes in this material are approximately O.65 mm. when

new, shrinking to approximately O.50 mm. after use. The nets were conical

in shape, 1.0 meter in diameter at the mouth and approximately 5 meters in.

length. A current meter was placed in the center of the mouth of each net

to register the flow of water into the net during a haul.

The nets v/ere hauled obliquely from approximately 1^ meters in depth
to the surface (200 meters of wire out at greatest depth), except at Bhallow
stations. The hauls were made at a vessel speed of about 1-| to 2 knots.

The hauls differed from those made in previous years in one respect: the

depth of the stratujn sampled was approximately doubled. Previously the

hauls had averaged about 70 meters in depth (net lowered on 100 meters of wire),

HBjiJSUBEMENI OF VOLUME OF WATER STHAIlOiD DURING PLANKTON HAULS

An Atlas type current meter was suspended in the mouth of each net.
This instrument consists of a rotator and revolution counter housed in an
open cylinder. The water entering the net during a haul actuates the freely
running rotator, which is geared to the revolution counter. A reading of
the counter was made before commencing a plankton haul, and again on the com-
pletion of the haul,

Current meters were calibrated before and after each cruise on which
they were employed. During calibration trials, each current meter v/as hauled
over a measured distance at a range of speeds. Performance graphs were con-
structed in which the independent variable was the speed of towing (revolu-
tions per second), the dependent variable the length of the column of water
in meters that was needed to effect one revolution of the current meter at
any given towing speed. Since performance tests were made before and after
each cruise, the graph applicable to a given cruise was based on two cali-
bration trials. In text table 3, current meter performance data are given
for the current meters used during 1951

•

The consistency in the performance of Atlas type current meters can be
judged from this table. Current meter No. 88, which was used on eleven
ciniises during 1951 1 was quite consistent in performejice throughout the year.
Current meter No. 82, used on six cruises, gradually became more free-running
with cont indued use.



The voliune of water strained during a havil was determined from the

formtilation:
V = E'B'p

in which

a - the cross-sectional area of the mouth of the net in

square meters

p - length of the column of water in meters needed to effect
one revolution of the current meter at the average speed
at which the haul was taken (determined from the appro-
priate calihration graph)

E - total numher of revolutions registered by the current
meter during a haxil

7 - total volume of water strained in cubic meters during a
haul

VERTICAL DISTRIBUTION OF SARDINE IGGS AMD LARVAE

The distribution of plai^kton organisms in the ocean can be considered

to be four dimensional, if the time component is included as one of the

dimensions. Of these, the vertical component is the easiest to deal with,

as often it can be completely encompassed. Sampling of both the time and
horizontal distributions, however, are necessarily spotty.

Fortunately, most fish eggs and larvae occur in the euphotic zone,

usually in the upper 100 meters of depth. It has been shown that most sar-
dine eggs and larvae occur above ^ meters in depth, and all above 100 meters.

Hence, our routine hauls, which sample a depth stratum of approximately
ll^-O meters, should effectively encompass the depth distribution of sardine
eggs and larvae.

VARIATION IN DEPTH OF PLANKTON HAULS

Because of unavoidable variations in speed of towing, hauls differed
in the depth of the stratum sampled. At a hi^er speed than usual, the net
went less dbep and spent more time in each unit of depth traversed. For
hauls taken at a s3.ower vessel speed than usual, the reverse was true.



Most of the vessels used for taking plankton hauls could not he slowed dovna

sufficiently when the sea was fairly calm. At such times, the engine had

to be started and stopped frequently in order to approximate the desired

towing speed. More uniform hauling was possible when a moderate sea was

running (wind J^ or 5 on the Beaufort scale). The shallowness of the water
at some stations did not permit making hauls of the "usixal" depth.

We have verified, by use of the depth-flow unit of an Isaacs high speed

sampler, that the depth of a plankton net at any instant during a haul can

be approximated by multiplying the amount of towing wire out by the cosine
of the angle of stray of the towing wire from the vertical (Ahlstrom 1952,

p, 4). The angle of stray of the towing wire is measured continuously during
a havtl by means of an inclinometer suspended from the boom and riding freely
on the wire. As uniform an angle as possible is maintained during a haul,
preferably a ^5 degree angle. The angle of ctray is recorded at half-minuto
intervals during a haul.

To derive the average depth of a haul, D, the cosine of the average
angle of stray is multiplied by the length (in meters) of the towing cable
released in taking the haul. The cosine of the average angle of stray is
considered to be more representative of the haul as a whole than the cosine
of the angle of stray at greatest depth.

STANDARDIZATION OF HAULS

The "standard haul" that we employ adjusts the number of eggs or larvae
in a haul to the number in 10 cubic meters of water strained per unit of
depth fished by the net. If the vertical distribution has been encompassed,
as it has been for sardine eggs and larvae, this value is equivalent to the
number under ten sqiiare meters of sea surface. The standardization factor
for each haul (S, Factor) was derived from the formulatiouJ

S » 10-S or lOJD
V R«a'p

in which

S - standardized haul factor

D - the average depth of a haul

The other symbols retain the same meaning as in the earlier
formulation.



Text



SKPAEATION OF FISH EGGS & LARVAE FROM PLANKTON SAMPLES

Usually the entire plankton saniple was examined for fish eggs ^vf\

larvae. The examination was made under a low power binocular microscope.
Of the 1^37 plankton samples collected on survey cruises during 1951 • 1262
samples, or 87.85^, were sorted in entirety. Of the samples that were frac-
tioned into aliquot portions, 148 were divided into 2 portions, 22 were
divided into 4 aliquots, 4 into 8 aliquots and only 1 sample into l6 por-
tions. One aliquot portion was sorted of each of the fractioned samples.
Text tahle 4 summarizes the above information by cruise for 1951*



GUIDE TO TABLES

A record of haul data for 1951 has already been presented in Special
Scientific Report: I^'ishei'ies No. 73 (May 1952).

Table I. Standardized haul factors. The factors adjust each haul to
the comi)ara'ble standard of 10 cubic meters of water strained
per meter of depth fished (see text).

Table II. Record of Pilchard Eggs, 1951.
Kumber of normal eggs: Number of normally developing

pilchard, eggs.

Total number of ea/^s : Includes all pilchard eggs taken
in a sample, whether normal or abnormal. Pilchard eggs were
classified as abnormal when the embryos were stunted and mis-
shapen in appearance. It is not known whether such abnor-
malities axe caused by a diseased condition of the eggs or
by mechanical injury during collection.

The letters A through D are used to designate age cate-
gories of eggs:

^: Eggs spawned within 24 hours of collection
B: Eggs spawned within 24.1 to 48 hours of collection
Cl Eggs spawned within 48.1 to 72 hours of collection
D: Eggs spawned within 72.1 to 96 hours of collection
Unci as si Unclassified eggs - deteriorating eggs that

could not be classified with certainty.

Average n

'

: Average numbei xif eggs spawned per day.
Because of incomplete age categories, resiilting from hauls
having been taken while spawning or hatching was actively
taking place, not all age categories were used in determining
n', but only those followed by an asterisk.

Table III. Record of Pilchard Larvae, 1951.
Midpoint of size clas ses: The larvae are grouped into

size classes which have the following midpoints and ranges:

Midpoint Range Midpoint Range
(in mm.

)

(in mm.) (in mm.

)

(in mm.^)^

3.25 2.26-4.25 12.75 12. 26-13. 25
4.75 4.26-5.25 13.75 13.26-14.25
5.75 5.26-6.25 14.75 14.26-15.25
6.75 6.26-7.25 15.75 15.26-16.25
7.75 7.26-8.25 17.25 16.26-18.25
8.75 8.26-9.25 19.25 18.26-20.25
9.75 9.26-10.25 21.25 20.26-22.25

10.75 10.26-11.25 23.25 22.26~24.25
11.75 11.26-12.25



lable IV. Record of Anchovy Larvae, 1951

•

Same as above except for the first category. The size
class vdth midpoint of 3*0 nun. contains larvae from 1,76 to

4.25 mm. in length.

Table V. Eecord of the Larvae of Jack Mackerel ( Trachunis symmetricus ).

1951.
The standardized number of larvae are listed by station for

all cruises on which they were taken during 1951* A dash indi-
cates that the station was not occupied.

Table VI. Record of the Larvae of Hake (Merluccius productus ). 1951.
The comments under Table V are applicable here as well.

Table VII. Eecord of the Larvae of Pacific Mackerel (Pneiimatophorus dieg;o )

.

1951.
The comments itnder Table V are applicable here as well.

Table VI II,Record of the Larvae of Eockfish (Sebastodea spp.), 1951
The comments under Table V are applicable here as well.

10



Table I

Becord of Standardized Haul Factors for Oblique Hauls
made with Plankton Hats during Cruiseo 21-32 in 1951

_____^ Crajge and Month.
_ ^

21 22 23 24 25 26 27 28 29 30 31 32
6,ta» Jan>

,

Feb. Mar, Apr> May June July Au^> Sept. Oct. Not. Dec^ ,

i«).38 « p, ~ - « - - 1,49 -. - « «
1^0,40 ««««--.« 2.67 - .. « •
koA5 -.--...-« 1,65 - - « « „
iK).50 -««--- 1,87 2.31 - - - «
JW.60 «-.-.«-- 2.30 2.50 « « « «
^^0.70 «-«--- NQ 2.95 - - - -
ifO.eo ------ 1,65 2.U - - - -
i|0.90 ------ 1,60 - « - - «
J^O.IOO . •• " — ~ - •« i.6o - — - - «
40.no ------ i.lfC - - - - -
43.42 ------- 1,35 - - - -
43.50 ------ NQ 2.27 - - - -
43.60 ------ 1.92 2.43 - - - -
47.50 ------- 2.40 - - - -
47.55 ------ 1.58 - - - - -
47.60 ------ 1,42 2.44 - - - -
50.47 ------- 1.39 - _ > .
50.50 - - - - - - - 2.56 - - - -
50.55 ------ 1.47 - - - - -
50.60 ------ 1.61 2.54 - - - -
50.70 ------ 1,36 3.18 - - _ -
50.80 ------ 2.23 2,01 - - - -
50.90 ------ 2.40 - - - - -
5OJ.OO - - - - - - 1.58 - - - - -

50.110 ------ 1,^46 - - - - _

53.52 ------- 1,50 - - - -
53.54 ------ 2.10 - - - - -

53.55 ------- 2.7a - - - -
53.64 ------ (1.40) - - - - -

53.65 ------- 2.16 - - « -

57.51 ------- 1.51 - - - -
57.54. -«.--- 1.68 - - - - -

57.55 ------- 2.20 - - - .,

57.64 ------ 1.99 - - - - -
57.65 ------- 2.60 - - - -

60.55 ------- i,i\8 - - 1.90 ~
60.60 1.83 - - 2.06 1,81 1.87 1.60 2.33 3.26 2.51 2.52 "
60„70 - - - 2.26 1.86 1.70 1.65 1.90 3.91 2.18 3.22 -
60.80 - - - 2.18 1.84 2,17 1.75 2.63 3,06 2,75 2,92 -

60.90 - - - 1.81 1.82 1.77 1.73 2.98 3.19 - 3.23 -

60,100 - - - 1.73 1.80 1.73 1.58 - - - 3.27 -
60.110 - - - 1.86 1.86 1.76 1.54 - - - - -
6O0I2O ----- 1.78 1.50 - - - - -

60,130 ----- 1,97 ------
13



Table 1 (cont'd)

Record of Standardized Haul Factors for Oblique Hauls

made with Plankton Nets dxiring Cruises 21-32 in 1951



TaWe I (cont'd)

Hecord of Standardized Haul Factors for Obliqne Hauls
made with Plankton Nets d\iring CruiseB 21-32 in 1951

Cruise and Month



Table I (cont'd)

Record of Standardized Haul Factors for Oblique Hauls

made with Plaiikton Nets during Cruises 21-32 in 1951

Cruise and Month



Tatle I (cont'd)
Eecord of Standardized Haul Factors for Oblique Hauls
made vdth Planlcton Nets diiring Cruises 21-32 in 1951

Cruise and Month



Table I (cont'd)

Record of Standardized Haul Factors for Oblique Haule

made vdth Plankton ITetn during Cruises 21-32 in 1951

Cruise and Month







Table II (cont'd)
Eecord of Pilchard Eggs, 1951



Table II (cont'd)

Record of Pilchard Eggs, 1951



Table II (cont'd)
Record of Pilchard Eggs, 1951



t
o
o

&

a

s

CO

o

o

I

o

m
•H

M

CM

M

s

»

4

O CO

i-t o

M
«

ft
o

~ I-l ^

• rS

SS

i-lOvOOt>-MIS>0
e^ r-l ©"jt "^

r

NO

o

e

CO <?«

o
4

%r\\o <o CO >o o r\M> >« vo o«>« cn n o o

i-t <r\0 ar r^ 1^
f-1 M

e
N

*09

'3 M CM
6 rH iH

S

O

•HOO

0>>r>

M

'«

OO

n^. ......
•H.o^-p<^e^Q^«-

M iH
• .

00 WN



'5 8

a a



;^l

*« <H
tl O

t
O
o

a

»

J

o\ocMr4Nr-ioo-4'a\^>ri(<Nr^oo-4'3'aoc^o«ciir\r>-^ooo>-tNoo^No

i-t ^ 4 ('S iH rH O MOO >H 3 C^CO I «^>nr-l\o«^^Jr^r^

0\ CM
• 4

WN



9^00X1(0 o r\-* <r\r>ovcM N r>-eo >r\<B •* ^eo-* r^w^('^^0^^ ovoooovooHoosjfcM
rHeMoOF\^>r><^c^c^vOHri c.>^ H^o»OfH-*oc>-0\ooQiHO\e^e>»tHe^cneI cAvo «A

J* iH »^V Csl rH 'O t--i{ ^ >-l N VO >r» CM rH

0\

CM

Fj

CM

CM

-" «



5^
ON

a 3

M U
t-l

% <M
EH O

O

O
a

o

5
o

•a

o

;d

CM

c^

S

O >AO\ iH iHVO 00 CJ

NOVrH<^Nr-lfHC0

OVO O
• • •N 1-1 iH

O r*
• •

CM CM

CM O ^
• • •

<^ tH f-t

o
CM

CM

9\0\0-4'fHeOOv0.4'V>-d'i-4
• •••••••••••
«»NHCM«r-jrt'^^NNCMeM

N

« *

C4

iH CM

»0

CM d-d- O

Ov T»00 O N 4'

rH WM^vO CM «r»
f-l * i-l H

CM

«

CD
C>^

<>> rt 00 * •*
• • • • •

C^ rH C^ CM (O* -* t^

C^ »0 <^vO f^ >n ?\ i-j

o
<^^

^Opo88?»?>C»N
^OOOvCT^r^rHiHiHr-l

(^ O * jj- r-
• • • • •

iH CM U> CM vn

eg

s

VO

o«

«

«

N ?»N <^C^^S>P\5SvO CM ?l rH
• ••••••••••• CO

rHrH«9cM«CMCM(n<*>i*\f^C^ ©

26



<H
o

t

o

o

p.

•a

O
EH

CM

(M

CM

CM

lo

ii5

1^

,c^

.-*

IcA

NO a} C>. 0\ rH OO CM Jt :t IC^••.•••.• I.iHCMCMOC^r-^vOrH J-
CM rH rH iH f-i CS

VO CM
• •

VOVO Jj- Ov

iH r~iCT\ t^

00

oo

c>^oo o \o >o
. • . . .

fH VT).^ [V C^
cr»^ iH c^

CM

CM

CM

Ov OS NO

00 o\\o
• • .

t^f-l

SO ^ 00 0\V0...
r~l rH iH

O\00

VO VO

OO

(A

OO
.

CM VO
. .

C^ rH

13

Ov (noo «^0O * CM CM vr%........a
r\o>'^p^^^oocMu^vr^

IH t-r CM rH CV-

CM
.

VO

CvJ

en

in

^ OO

OVi-(
. .

O 00

Ov
CM

cv-Q»'^^'^o>'~>c^e^Q
ocMr^^^cvJ<«^r^r^^?^CD*. .....«•
drHiHrHf3f3cMCMCM5
iHiHrHr-tiHiHi-li-lHiH

.
C7V

•a
*>
o

00

00

VO

CM

O
.

UMv- o

cn 00 OO

CTvvo

rsoo ^

0) r^ CM r\(\p->

^ »A O O f^
0rH CM CVJ CM

iH IH iH iHO

•a

o

rH <3\CD



o \^'rN<Mr\OvC^^CMr»Nr»rH«^-*^Or-l-*^MC>--*Oe»JMQ
«^

^F^S^'^S^i'"^*
3!

v\ >r>

CM

rH O

^5

o
o

V)

o

-* -^^s



4>
O
6H

N rHvO O <^vO OOOO^vOvpO(><OOCpf-lopp-4'(MCOOOO^>r\<DOOO[<>OsO\

00 iH (^ rt pS

*0

CM

CM

CM

ON

o

o

•3^
o

o

c^

00
•



{3

.•••••••••••••.••••••••••••••••••••••I*
11 >o

r-t NO r^

CM

O
5

M
M

M

M

M

Oo
CO

•

Oi

e »
9
3 tf

i

c
; o

o

\0 V\
m •

•^ »r»cj

4^ i-l



^ r1 ^ r\^ 1-^ r-.* »> * <^ r- r< CJ i-l >ri ,-. O „

\i

Jg?
o

^

o
o
s

si

en

e-l

is

>r» ^

CO

Ml

>o <^C^ ^ — ~

• • • • •

r- p- p* c r^ r^

CO C^

o w^

o c c^

^ Q !V

»r4
• •

Ok CM

• •

c *> * •- "^^o ec c^ c i-i o \o c>.
• a • •

c
o
S ! ^ .. . • • • • • • ••••••xss- — ^--.~~:;L__



•a >

o

O

&^
o <
iH
,0 <H
gj o

s

O

O

O
P.
•a

o

»
d

CM

o

V^vf^N^O«^-O^rHr^^-9^OO9^^OV^OOO0vaOO^t-ICDO>OO4'
l»^oo>A»^a^^o^oc^(^J^^H^J^-^^^^-lHa^vo^^^^lr^»H^oo
f^QS rH 00 oj 3r «Sq rvw <»N^>o>n h cm eji ea rH

•
H

CNCM
• •

iH CM

CM

>0

esi

CM

00

CM OSJj-
• • •

iH 0\C^^ CM CO f^rH
• ••••••
COrHOCMvOrHgJVA

• •••••«•

r\oo

CO CM

VO 00 CJ
• • •

ON Jj-vo

On OS 0\^ C^
• • • • •

VO VTiCN-CM
• • • •

>'NcH f-ICO
rHVO rH

-* C^ Ov
• • •

rH i-l ^

• • • • •

* VO »'^ CO «^ C^ O C^OviHO
• ••••• •

r- (^ CM H -* rt <M
1 CM

I

VO O Ov CM >r» OV

••> CO >A
d • •
O CM C^
o CM CO

-* >r> c^>r»oo o CO
^ » - - -

-* >ooo I-l u-ir- CM
iH V\M iH Cv.

iH Ov »r»NO
Ov

3 (A

CM O O O CO
• • • • •Ov^4 C^ H

VO Ov

<yv^

• • • •
rH rH >'^ rH

e3

0\0 CO vo Jt

rH ir\rH

N

o\

eo

1^

3 S^S ^PS^S Rg g5 5^5 S 5^S ^3 S.g>SS {S!3

CO

c^oH

S

VS

ftCD

vo

-i
TiE^^^^^^i'SSSSSP. 9, !r>r>o'^c>-c^QQQc^p^<^cv-t>- ^*
E^dd':l55'*'5'^^<^"«^^'t^cMeM?Sc^?'S<^cnc^rvc^ o

32



4* CO

a ^
o

o

^ <M
to o

2
o
o
s

jd

o



-i

CM

S^^
C>- r-t 1

o
fe-S

r-t

d o
EH

o
o
s

o
o
M
rf
(O

CM

evi

CM

C^

o

o

0\ VO CM ON
• • • •

1-1 iH >A rH

CJ\

CO



l-a

iPI

*-*VOi-,rH(nCISC^^>AC>Jr-l-*'J^CvjUM^-C-iC0O^^Cv;(10-*C3\O\>r»r-|VO00C0<X)00-*OS\O-*-*
C^rAC^rHCO VOrHC^U^Ji- rHC^C^>AQ

i-l O C~\-^ C^ rH >A

CVJ

O
en

en
CO

i::

ON

o

o

c)

!
c

I"
U
i
M

it-

!^

'501^-

It-

^



io

e^)OC\J^->'^*r-I^Ol^t^^^^C^^00^O^^C^J^^^-O00f^^J<^
C^^(^t\iP~ir\CVJrHrHcHCOtvJvnvr\MC--C^>f\i-l>A(nrH0OrH''^-*lH

C\J itI rH -* (^ C^ <^ vnvO s
00

ON

o

•-<
,

CU o
Eh

o

•-H

I
<»

&

l"~>

b̂

o



(4

o

03 O

O
P.

o

•a

n

CM

CM

o

»A

W\

•
CM



o

^OC^O\MO^U^000000*•*^OO^«^00 V\o CO rH <^^0

00

CO

^'^*~:?w^^O OnC^^O O C4(^*r\
»-i C*^ C7^ ^0 ^O i-t ?8,

CM

Ov r^ O^ O Jt <^

^ CJ ^ M VO ^ OS

N
00

CM

CM

I"*

2

^3
o

^ <H
ea o

6-<

•d
u
o
o

s

o

ft
•d

00

•
CM



•a

>_» o
Si

o
o

o

o
ft

CM

cvj

CM

CVJ

CM

rH

c^

C^

o

CO^iHeMCMC^-d-|-I^OCMrHCMOJ*-\OOOOOsOO^tM
OCM^CMO\i-iQ">OCM(^C^COC>-vO u^ C^vO VO 00 r^ CJ * C^
P^ rH 0\* rH t^CM rH ^O CM CM rH rH

CM rH

O

.....O rH CM CM OO

o

o

o

CM

CM

CTs

CM

O r-i

o o
a .

VD CM

CM

CM



4» CO

a t^
o

o

i-i

d o

o
o

a

^

3



r- >r» iH CM \0 <Str\r^O fH <VJ

^^^DoowQl-l0^^^c^J^-^-CJ^J^-^ooo^£)ooc^^ooc^vn^oooc^J
p-\

00

cu

CM

CM

CM

O CM CJ\

'^ CM^
\0 VO VOVO

• • • •

^^ CJ rH -*

sr

o

O

3?

M-l
CM

-*

PJ

• •

H CM

VTv

VTl 00

00

CM

CM

• • •

iH CM rH

CJ\

O
l-H

4> a
a Ki
o
o

^^
o
O

.^
i-l

,Q <M
CIS o

o
o
s

V

CO

h

^

C>-

CM

Cn3

CM

o
CM

O CM
• • -

CM CM

• • • •

CM CO CM ^

^*C0
CM CM CX3

OCM^^^OOOCM

O O

\o^
rS rH 00 -*

^ M3 C^CJN

00 o

CM

CM

ON
CM

C^
C^

co

C~-
CJ\ CM i-t

CO CM O f^u>, c^

00 O
• •

CM^ CM <J\ CM CM

00 >ooo

>A^ CO CO 00

CM

cn
CM
CM

o c^ c^-*

VTiKO 00 CM
CM

J* VO \0
• • •

^ CM >n

-* 1-1 CM

CM

o c^^
CMvO r-l

^^ \0 CO C\

CM CT^ xTv

C5S

CTv

>0
• • •

iH CM J*

O r-l CMVO ON

O »0 C^-* CM
rt CM H

O
C^

CM 00

CM

CM
• •

rNCM

CM CM >riNO CO
• • • • •

M CM rH iH

CM

^ 'OrzDOr! "^R ^S 9, ^ '''
o^oooocMM^c«^>r^CN-Q>/^<
- -^u^c^c^«^^^c^^J^'^^^-

vn >A c^ o

yp^OC^OC^>AC^v^^C^OOOOOOOr-llHr^^-^<-^r-(CMCMCMCM
K\OC^C>«.COOOOOO*CvCyv»HrHHrHrHfHi-*rHfHiHH(Hi-HrHfHiHrH
o

•a

a



Table V

Becord of the Larvae of Jack Mackerel ( Trachurus ByimnetrlcuB ). 1951

Cruise and Month,

21 22 23 24 25 26 2? 28 29 30 31 32

Sta. Jan. Feh> Mar. Apr . M?iy June J\ay Au^.. ggpt„ Ogt-.t NqYi. PgC«

40.70 ___--- 6----
/jO.80 __-_-_ 2----
60.60 _ - 4
60.80 _ - - 4
60.90 _ _ - 27
60.100 --- 10 «_-
60.110 ---22 __---
60.130 _..--- 6------
63.67 -- -7 --_-_
67.55 - - 4 46 - -

67.65 - - 30 - -

70.60 - - 9 41

70.70 - _ 49 2

70,80 - - 440 4
70.90 - - 5 452 6 - - -
70.100 _-- 5 15 __-_-
70.110 ---2 3^ -----
70.120 -----17 -----
70.130 -----21 ------
73.51 -- 9-----
73.61

77.55 - - 19 58 13
77.65
80.55
80.60 2 223 8 - 12 (4)

80.70
80.80 202 20 - I8 2

80.90 2 169 6 - 2

80.100 - 4 3 13 - 2 2
80.110
80.120
80.130

83.55
83.60
83.70
83.80
83.90
85.40
85,70 -- 4_-__ 3
85.80 - - 216 - - - - 7
85.90
87.60
87.70
87.80
87.90 - - 1473
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Table V (cont'd)

Record of the Larvae of Jack Mackerel (Trachur^e symmetrlcuB ). 1951

> .QnXpff. ana Monl^h
21 22 23 2^1- 25 26 27 28 29 30 31 32

Sta. Jflii. Fe"b. Mar. Apr. Mav June July Aflfit ggpti Octt Sfiii EgJl.

90.30 2
90.37
90.^5

90.53
90.60
90.70
90.80
90.90
90.100
90.110
90.120

93.27
93.30
93.^
93.50
93.60
93.70
93.80
93.90 _

97.32 1 3 2 if n
97.^0
97.50
97.60
97.70
97.80
97.90
100.30
100.2K)

100.50
100.60
100.70
100.80
100.90
100,100
100.110
100.120
103.35
103. M)

103.50
103.60
103.70
103.80
105.50
107.35
l07.i+o

107.50
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Table V (cont'd)

Record of the Leo^vae of Jack Mackerel (Traehurus symmetrici^a ). 1951

. g.ni..i.£fi- .wA Mgatb
21 22 23 2i| 25 26 2? 28 29 30 31 32

St a. Jan. Fe"b. Mai-. Apr. Mav June Jply Augi Sept. Oct. Nov. Dec.

107.60 2
107.70
107 .80

110.35
110.40
110.50
110,60
110.70
110.80
110.90
110.100
110.110
113.35
113.40
113.50
113.60
113.70
117.50
117.60
117.70
120.45
120.50
120.60
120.70
120.80
120.90
120.100
120.110
123.40
123.50
123.60
127.40
127.50
127.60
130.35
130.50
130.60
130.70
133.50 6 - _ -

137.35 1 - _ - _
137.50 2 - - -

137.60 2 -..»--
Totals 2 277 49L7 7894 1917 3517 205 104 3 5 12

11



Table VI
Record of the Larvae of Hake (Merlucciu8 productus ). 1951



Table 71 (cont'd)

Eecord of the Larvae of Hake (Merl'-jccras prcductua ). 1951

.X,

:r-ige pjr.2 y.zr^zn.

21 ZZ 23 2i^ 25 26 27 23 29 30 31 32

«ia. Jaj. Jec. K=r. .A-rr. .'-^v Jtuie JtO,? Ai^, Sgptt Ogt. Sii* Dfi£,

87.

W

2 -17 ------
57.50 --- 7 ------
87.60 --578 ------
37.70 --17^9 __--__
67.80 --247 15 ------
87.90 --222 53 ------
90.30 6 2
90.37 ^ 8
90.45 2 31 6

90.53 396 12
90.60 6 90 2 k
90.70 36 160 2

90.80 33 139 « _ - -

90.90 197 206 - - - _

90.100 2 - _ - -

93.30 11 9

53.40 221 240

93.50 25 35 5 7

93.60 22 294 3 - - - - -

93.70 4 351 10 6 - - - - _

93.80 191 169 4 - - - -

93.90 13 11 - - - - -

97.30 ------- 3

97.32 2 5 37 2 HQ
97.40 2 1628 1892 21 3

97.50 235 89 3^ 7

97.60 2 85 187 19 8 - _ _ -

97.70 209 34 4 _ - - -
97.80 64^+11 - - - -

97.90 5 18 _ - - - -

100.30 11 2 4 -
100.40 6 27 1576 11

100.50 4 54 536 2

100.60 1058 264 38 57
100.70 9424 103
100.80 580 10

100.90 19 3 - - -
100.100 - 3 - -----
103.35 - - 61 126 22 _ -
103.40 - 296 129 11 - -
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Eable VI (cont'd)
Becoxd of the Larvae of Hake (Merliiecius T?rodactns ). 1951

1

^ T-_; X g c

ZL _22 23 2^^ 25 2o 2'' 25 29 30 31 32
1^5^^ :!££« ^^i«—^^ar^

—

^^^—1^£ sZ^SJ J^^ ^4:. S^r':. Oct. 5jt. Zee .

103.50 - 2692 if23------
103.60 - 1522 153 2 ----_._
103.70 2-2665 ----J»
103.80 - 13608 ?1 --__-_»
105.50 -i3-__-» »-_.
105.60 -i44----- --_»
105.70 - 8----------
105. BO - 729 --------- -

105.90 -19 ------____
107.35 - - 130 107 6 - -
107.40 - 1729 288 13 - -
107.50 - 36 18 ----_«
107.60 - 62 --____
107.70 - 21 30k -.--__«
107.80 -426 992 --____
110.33 ------- I2j

110.35 3 2 14 - 3
110.40 34 8 if 1

110.50 262 4 6

110.60 52-
110.70 862 26 ------
110.80 124 4 7 - _ - _ -
110.90 31 - - - - -

110.100 4 _-_-_•
113.35 247 26 ----__
113.40 6 ---»»_
113.50 17 -__-_-
113.60 31 2 14 ------
113.70 205 6------
115.30 -------26 26

115.35 ------- 8 9

117.35 242 102 14 ------
117.40 5^+ 15^ 15^ 22------
17.50 3^ 19 ----__

117.60 3395 ------
117.70 5 22------
120.35 31 105 32 60 20

120.45 a 55 '^ 35
120.50 4 13 ^ *» 5
120,60 11 if 4 ^
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Table VI (cont'd)

Record of the Larvae of Hake ( Merlucclu,8 productu^ ,) , 1951

C3m.s.a ..afiA }iQii%h

21 22 23 2h 25 26 27 28 29 30 31 32

Stn. Jan. Feb. Mar. Apr. Mav June July Aug. Sept, Oct. Hot. Dec.

120,70 58

123.^0 331 5 2k 10

123.50 103 3 8 - - _

123.60 4 3 - - - -
127.40 2 10 91 39 7

127.50 52 - _ -
130.35 2 5 114 4 2 2

130.40 24 4 24 2

130o50 2 2

133.30 34 17 68 37 7 2

133.40 7 38 17 9 30 - - - -.

133.50 8 31 8 _ _ _ -

133.60 3 12 2 -_-__-
137.35 109 341 73 6 - „ _ - «

137.40 1370 141 9 _ - - «

137.50 10 262 - - - -
137.60 12 -„-_--
140.35 --31-- -- -»-
140,40 - - 10 - - - - - - -
140,50 --4-- -- -__
143.30 --7-- -- ---
143.35 -~ 9_- i4.__ «_-
l43.i+0 -.-4-- »_--_.-
143.50 --11-- --.----.
147.20 -- 3----- -_«
147.25 --33-- -- -_-
147.30 --29-- -- ---
147.40 --12-- ------
150.40 --2-- -- _--
150.70 --29-- l^--- -_-
150,80 -- --2-- ---
157.10 --2-- -- ---
Total

8

~^2r""675r^54ari3^ 58Jf? 174 17 2
"

14 lo"^ 17 ^

A8



Table VII
Eecord of the Larvae of Pacific Mackerel (Pneumatophorus diego), 1951

Cruise and Monti:;

21 22 23 24 25 26 2? 28 29 30 31 32
.Stat Jaa*

—

I^iU—Mar. JVpr> May June July Aug. Sept. Oct. Nov. Dec .

85.40 _ _ - - » 2 3
87.70 --^ -----..
87.80 --2 ------
90.37 5
93.30 2
93.60 2 - - - -
93.80 5 - - - -
97 .50 7 20

97.60 7 - - - -
100.30 2
100.40 5
100.50 29
100.60 26 32
100.70 2
107.80 - 2 ---»«„
110.35 2

113.60 2 ----- -
115.27 ------- 1

115.30 ------- 4
115.35 ------- 3
117.60 1 - - _ - » „
120.25 ------- 31
120.30 -------55 2 27
120.35 22 5 65 9
120.45 2
120.50 k
123.37 ------ 31
123.40 2 2 13
127.3^ -------243 2- --
127.40 7 - -
127.50 5 - - -
130.30 ------.-74 --
130.35 32 - -
130.40 3 - -
130.50 2 - -
133.30 37 11 2 - -

133.40 20 66 5 _ - - -

137.23 ------- 72 --
137.35 264 -----
137.^ 10 30 » - - -

137.50 2 - « - -

143.30 -- -- «-4_--
143. JW) -- .« 24 ------
147.30 -- --4-- ---.
Totals 4 58 114 204 77 14 455 83 89
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Table VIH
Record of the Larvae of Eockfish (Setastodes spp.), 1951



Table VIII (cont«d)
Record of the Larvae of Eockfish (Sebastodes spp.), 1951



Tftblc VIII (cont'd)
Record of the Lai'vac of Roolcfish (Sebastodes spp.), 1951

Crp^lne and Mont^



Tatle VIII (cont'd)
Eecord of the Larvae of Rockfish (Sebastodes epp, ), 1951

21 22 23 2/+ 25 26 27 28 29 30 31 32
Si&* is&M Zabji

—

msX^ iet. Mas Jtius July Ai^. Sept. Oct. Nov. Per. .

105.32 ---__-. 2----
105.35 2 19----- «---
105.50 - 3--_»» -_«»
105.60 - 2----- 2----
105.70 - l>-«--_-_»_»
105.80 -10 ---------«
107.32 -------- 35 ^3
107.35 --37 622--
107.W - 9 15 - -
107.50 ^ 3 100 8------
107.60 10- 2 11 ------
107.70 -13 ------
107.80 -225 ------
110.33 ------- 7285
110.35 2 3 '^ 10 k ^ 6
IIO.M 36 4 if 2 - 2
110,50 2 2 8 2-
110,60 3
110.70 i»4 a 11 ------
110.80 if 12 - - - - -
110,90 2 if - - - - -
113.35 57 11 11 66 167 5 -
113.iiO 942------
113.50 2 ------
113.60 10 - - - - - -

113.70 25527------
115.27 ------- 2

115.30 ------- 1122
115.i«0 ------- 3

117.35 107 100 110 7 36 3if -
117. ifO ifl 109 193 507 i*6 10 -

117,50 6863 ------
117.60 13 5 ------
117.70 3 26------
120,25 ------- 2
120,30 ._-_-_- if

120.35 13 7 12 21 17 13 3 5 2
120.if5 8 2if 59 18 if 23
120,50 § k k 2 8 - 3
120,60 21 25
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Table VIII (cont'd)

Record of the Larvae of Eockfish (Sebastodes spp.), 1951

Ci-ulse mid Month .

21 22 23 24 25 26 2? 28 29 30 31 32

Star J^. Feh. li^^ Apr,
, ,

,Moy Jwae JuJl Me, Sept. Qcto Nov. pec .

120c 70 2 162

120.80 5 13
120.90 3 3

123.37 __--_-- 2

123.40 5
123.50
127.40
127.50
130.35
130.40
130.50
130.60
133.25
133.30 16

I33.W)
133.50
137.23
137.30
137.35 2
137. JW)

137.50
140.35 »-9--. _-3
140.40 - - _ _ 4 - _

143.30 _ _ 5 _ - - -

143.35 _ - 5 - - - -
143.40 _-4_- _--
150.19 -------- 3
157.10 - - - - - - 2

24



LITSRATUEE CITED

AhlBtrom, Elbert H.

19^. A record of pilciiard eggs and larvae collected during
surveys made in 1939 to 19^1. U. S. Fish & Wildlife Service,
Spec. Sci. Report No. 5^+; 76 pp.

1952. Pilchard eggs and larvae and other fish larvae, Pacific Coast
1950. U. S. Pish & Wildlife Service. Spec. Sci. Report:
Fisheries No. 80; 58 pp.

Staff - South Pacific Fishery Inveatigations
1952. Zooplankton volumes off the Pacific coast, 1951. U. S. Fish

& Wildlife Service. Spec. Sci. Report: Fisheries No. 73.

55

INT.-DUP. SEC. HASH.. DC. MaMJO








