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ABSTRACT

eel"tain lISlwc::t8 of Im'val tuna samilling werf' stlulied h;v an analysis of the catches
of the n, O-liO, ,001BO, 140-~On, and o-~On meter plankton tows m:llie on 15 cruises in
Hllwaii, till' equatorilll I'at'ific, unci French Oceania. The USf' of puirell nets showell
that the cutd. of II single net could he duplicated, and that plankton nf'ts were there
fore I'eliable tools fOl' salllilling the abundance of tuna larvlle.

Mo",t larvul tunl1 were l'ulltured betwl'€'n the surface and 60 meters, with 20-2" per
c::ent mOl'e between ,0 and 130 m., and prlletically none between 140 and 200 m.
M:II'kecl night-flll~' differenees in clltch occlll'l'ed at the sUl'face but became less at
greatel' depths. Most of these diffel'ences wel'e attributable to vertical migl'lltion
rather than net-dodging. The 0-200 Ill, tow. fishing thl'ough the entire rlepth range
of larval tunll, was regm'ded as the best of the tows tested.

Lan"al skipjuek and fl'igate muckel'el wel'e l'llrel~' captUl'ed during the day b~' the
nand 0-00 111. tows. hut this was not true for yellowfin. Both skipjack and yellowfin
began to appeal' at the slll'face in the aftel'\loon but clisuppeared at sunset. to reappear
somewhat later. This flisllppearance fl'om the SUl'face was cOl'related with the rise

of the deel) scattering la~'er.

The dominllnt size group in the hll'val tuna cllldl llIellslll'ed fl'om 4.0-4.9 mm. totnl
length. l\:Ian~' Inl'vae of 2.0-~.9 mm. total length were presumed to have eSI'aped
through the net meshes, while ll11'vae longel' than 5 IIIlll. Illa~' have escaped b~' dOflging.

No significant relations were found between the numhers of arlult yellowfin an,1
skipjllck and theil' respective lal'vae.
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By DONALIl W. STRA~'H;Hn, Fi"<!wry RCIWf('/'(,h Biologist.
BURI':AlJ OF COM",IEHClAL F'~HERl!':lS

For the past several years the Pacifie Oceanic
Fishery Investigations (POFI), of the U. S. Fish
and 'Vildli-fe Service. Ims sampled adult tuna
stoeks as a means of evaluating the tuna resources
of tile central Paeitic OCetUl. Deep-swimming
hUlaS, such as large. ye.llowfin (Neoth-nwnu8 111(10

/,0l'te·l'lt8). bigeye (Ptl:,'a.tkll:/l.'II:lt.~ 'Sibi). and a.lba
COl'e ((i-e1'1J1.o a.lalu:nga.), were taken by longlining,
and surface dwelling tunas, such as skipjaek
([{a.t8·1I:wO·II·/(,~ pela'llli'S), and small yeJJowfin and
albaeore, have been eaptured by live-bait fishing,
gillnetting, and trolling. The c:att~hes obtained
by these methods were used as indiees of t.he
availability, distribution, and abundanee of the
tuna, and the hiological studies of adult. fish con
t.ributed information on ,'eproduct.ive cycles, food
habits, gJ'Owth J'lltes, and other phenomena.

FOJ' sOllle of t.he above opera.t.ions, good fishing
loealities could frequently be judged by t.he pres
enee of sea, birds, knowledge of the cireulat.ion
features, Wltter of a cert.ain color or temperature,
01' other facturs, but in the absence of such guides,
fishing sites were more or less randomly selected.
I n areas where sea birds were scarce 01.' absent,
::;ueh as a· large pa.rt. of the open ocean, our knowl
edge of surface tuna abundance was sCll,nt.y, thus
raising the quest.ion of the reliabilit.y of the sev
eral guides. Another inadequacy of the sampling
method was tha.t. running ripe fish were rarely
eaught. either beeause of their .migrat.ion from
the tishing grounds, cessation of feeding during
spawning, or the breaking up of sehools during
the reproductive period. There was little preeise
inforlllat.iOlI, therefore, on the t.ime and place of
spawning except for the genernl t.rends evident
f!'Om gonadal studies.

It. was believed that a study of the eggs, larvae,
and juveniles of tuna would he of eonsiderahle
aid in filling certain gaps in our knowledge. The

NOT~:.-R"I""~,,,I for I'uillienti'on ].',,11. ~7. 1950. Fi~'lf,r~' Bul
]"t1n 11\7.

POFI wa~ rpdl·~igllatE:'d BUl"rmll of Cnmulflrc1nl FiMIlerie8 I...nbo
,·ntol'.'".•Tnn. 1. 19;;9.

occurrence of eggs and larvae, as collected in
plankton tows, should indicate the recent or con
tinuing presence of aduU fish independently of
ext'el'l1al indicators, and should prescribe the time
a.nd plaee of spawning with accuracy, depending
on CUl'l'ent drift. and ontoge.netic age.. 'With re
liable estimates of abull(hlllce, it. should be pos
sihle to determine the numerica.l relations between
adult tUlla, their eggs, and larvae.

Before these major problems could be studied
effedively it was necessary to consider the sam
pling methods employed. Among other things, it
was requisite to know the relia.bilit.y of a plank
ton tow as a method of cll.pt.uring tuna eggs and
larvae, and also to stanelnrdize the t.ime and depth
of tow so that meaningful comparisons could be
made between samples. Because of its occnsion
{tlly profonnd effect. on the catch, it was desirahle
to understand the rudiments of larval tuna. be
havior. A. study of these problems resulted in the
present report, but heeal.lse tuna. eggs are not.
presently ident.ifiable, its scope is limited to larval
and juvenile forms. I should like to express my
gratitude to 'Valte!' Matsumoto for his help in
irlent.ifying tuna la.rvae, Hnd to ot.her POFI staff
members who aided in collecting and processing
the samples and in reviewing the manuscript.

METHODS
Collectinl1

All larvae. reported upon were. collected by
plankton tows made from the POFI vessels Hugh
ill. 8·m.ith and (,I/.111'1£'8 H. (fined. Three cruises
were limited t.o the Hawaiian area, and 19 took
place in t.he equatorial Pacific wit.h some empha
sis on the waters of French Oceania. Matsumot.o
(1 !InS) has already presented data for 8 of these
H) cruises fllu.gh ill. S·m.ith cruises fl, 6, 7, 8, 11,
14, 1:\ anel 18). The operat.ional areas of the
remaining 7 cruises al'e shown in figure 1, a,nd
appendix tables 5 through 11. summarize cat.eh
and effort. for each st.at.ioit.

231
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All plankton nets employed were 1 meter
diameter at the mouth a,nd 5 meters in length.
The nets were of two types, open a.nd closing, the
struetural details of whieh are given by King and
Demond (l!158) and Ki ng and others (1957). On
early eruises the llets were fa.brieated of Dufours
bolt.illg silk or silk grit gauze (80XXX body and
:')HXXX re:tr section), hut these materials were
later replaced by nylon (#fl5(j Nitex body and
#308 Nitex rear seetion); for all nets, mesh aper
tures were OJ)(-i mm. in width in the body and
o.:n mm. ill the rear section and bag. The nets
were equipped with flowmeters to measure the
amount of water strained.

Three types of plankton tows were made: hori
zontal open net tows, oblique open net tows, and
oblique dosing net. tows. For this study only
those horizontal open ilet tows which fished at the
surface were eonsidered, a.nd these can be termed
simply surface or O-meter tows. They fished just
deeply enough so that t.he nets did not break the
surface. Oblique open net tows were made from
the surface to ahout flO m. and from the surface
to about 200 m.; for brevit.y these are designated
as 0-60 m. and 0-200 m. tows. The oblique clos
ing net. tows involved a string of three nets, the
npper one being an open net fishing from the sur
faee to :lpproximfitely 60 m., the middle a closing
net fishing from about. 70 to 130 m., and the lower
a. dosing net fishing from fibout 140 to 200 m.
These :u'e designated as O-GO m., 70-130 m., and
140-200 m. tows, with the first being indistin
guishahle from the O-HO m. oblique open net tow.
Ordinarily, tows were If::!-hour in duration, but
some were as short. as Hi minutes or as long as
1 hoUl', at. towing speeds of 2.5 t.o 3.5 knots.

Processing

At the (lompletion of efich tow the nets we.re
hauled aboard, hosed dowll to remove planktoll
residues, and the samples tra.nsferred to glass
fruit jars and preserved in 10-percent horax
neutrnlized formalin. As soon as possible after
returlling to the laboratory a.ll fish and fish eggs
were removed, amI, hom these, all yonng t.una
were sorted and tnlllsferred to clean fornmlin for
storage.

Identification

Lar\'al tuna were identified. prineipal1y with
reference to Matsumot.o·s two recent papers

(Matsumoto Hl58 and 1959). POFrs extensive
colleetions provided comparative material, and in
some eases Matsumoto examined the speeimens.
The V:lst majority of speeimens were referable to
skipjack (llatsu'Wo1/:l('~ pehwl!is) , yellowfin (Neo
tlmnnu~ m.a.C1·ollte.,.u~), frigate 11mckerel (A 1f.iJ}l.~

th",z/l.J'd and AUWlS sp.), and little tunny (E-1tfhyn
nus y(dto) ; these are designat.ed by t.heir eommon
names throughout. the balance of this report. Of
the unidentified nmterial, a few speeimens be
longed to speeies for which the larvae' are
undetermined, and the remainder were severely
mutilated.

Term i Ilology

Larva denotes a specimen lacking the full cOln
plelllent of vertieal fin spines and rays. This
term inehides most. individmtls below about 11
mm. in totfil length.

Length is total length, measured from the tip
of the snout to t.he end of the longest. eaudal ray;
where the caudal is forked, length is fork length.

Abundance is expressed fiS the number of lar
vae pel' thousaml cubic meters of W:lter strained,
and a.lso as the number of larvae beneath 10
square meters of sea surface.

Time is expressed in terms of the 24-hour clock,
with zone t.ime being used in each ease.

Invertebrate plankton volume is the displace
ment volume measured subsequent to the removal
of an fish, fish eggs, and Ol'ganisms larger than
[) em. longest dimension.

RELIABILITY OF A SINGLE SAMPLE

It was reasoned that. if the cateh mfide by one
plankton net. could be duplicated by another fish
ing at the same time and place, then plankton
nets are reliable tools for sampling la.rval t.una
within cerhtin limitat.ions of the sampling method.
Reliahilit.y was first tested on Ch,/des Fl. Cilbe?'t
cruise 30 to the Marquesas Islands. Two surface
nets were launched simultmleously at. 2000 hours
eaeh night.; they fished about 20 feet. apart. for
one-half hour a.fter which they were retrieved,
I'insed, t.he cod-encls replaced, and t.he procedure
I'epeated for a second half-hour. Fourteen sta
tions, eaeh including a i-haul series, were occu
pied, bllt the sampling was apparently done in
the ofl-season (Aug.-Sept.) with respect to Mar
quesfin tuna spawning, and few larvae were col-
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lected. A second test· was made during January
Mal'eh Oil Hugh 111. Sm.ith cruise :38 to French
Oceania. Here, two half-hour tows were taken
each night., one immediately following the other,
so that members of a pa.ir of samples differed
slightly in t.ime and space. The data obt.ained

from these tests are listed 1ll detail in the ap
pendix and in summary fOl'm in table 1. 'Yith
respect to the latter, it should be noted that all
species of t.una larvtl.e were combined and that
only those stations we·re considered where larvae
were taken by one or more nets.

TA FlJ.~: 1.-- J\" II./lII,rI' .• of l"rml /'11./1." raptured by paired nigh/. ~ltrface t01l'S, with fHwlyMs of I'ar/(t'/lce hased all t·ra /lsformed data

[rl=IOg(1lI~O~~13)]

Statiun Nn.

(,hOTI.. H. OUIJal cruise ao

PO~itiOT1

First
~2 hr.

1'ime

Second

'. hr.

Hugh AI. Smith cTuise 38

St.aUon No.
First
1 2hr.

Time

S,'con<l
~ ~ hr.

-------------------·---1----1-----11------_·_---------_·---------

a_ --. --------. ----- -. --- - {~~:iho,ir(C::::::::::::
•----- -. -- --- ----- ------- {~I~~;l;ourd:::::::::::::::

:;~ :::::::::::::::::::::: ~fg~~~~~~~~~~ ~ ~ :~~ ~ ~ ~~~
:;::::::::::::::::::::::: 'fIg~~~~;:~ ~ ~~~ ~ ~ ~~ ~ ~ ~ ~ ~ ~
:::::::::::::::::::::::: }!g~~~~~~ ~~~ ~ ~ ~ ~~~ ~~~~~
::::::::::::::::::::::::: :[fg~~~~~~~~~~~~~~~~~~~~

Analysis of varlanC('

3
I
I
I
I
o
2
I
o
I
o
o

14
17
4
2
o
2
5
I

I 23 • _
2 45 • _
o 47 • _
2 49 • _
o 54 . _
o 57 • _
I 59 _
2 64. _
o 6G _
I) 75. ~ ~ . _
o 79 ' .. •
I 82 _

13 !l5 •

26
I
I
o
o
2
4

9 18
2 0

11 4
0 2
4 1• 4.

13 21
2 I
3 I
2 2

16 4
56 fil
10 la

SOllT(,f" Degrees of Sum of Mean square
freedom squares

Source Degrees of Sum 01
[resedom squarC's

M",\U sq um'"

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

25 6.5;25 _

Time IT) . _
StaUons 'S) __
Positions (Pl _
TXS _
TYP _
S:.<P _
1'XSXP _

I
9
I
9
1
9
9

0.0185
4.50.1
II. 011j8
0.1549
0.1102
II. 2'~58
11.2540

0.0185
·'0.5U08

0.0168
0.01.2
0.1102
O.02M
0.0282

Time _
St.aUous . __
TXS _

1'ot",l _

I
12
12

0.01123
5. f,WII
0.9542

O.0112:l
0.4r,80
0.0.115

Tol.,!.. • _ a9 .~ 28.3 _

"Indleat.". n sigulflc:mt F value Ip<O.OI).

A preliminary examinat.ion of the data indi
cated that. they were skewed, and this was verified
h~' plotting shttion variances a.gainst station
means for the O!lrt1'lefJ fl. Gilbert samples (fig. 2).
A loga.rithmic transformation wa.s accordingly

f I · I ., I (·x + 1)p~.r unne( , usmg t le ex pressIOn ;(' = og -----V--.'

where F is the volume. of water strained in ten
thousand cuhic meters. The use of the quantity
(m + 1) el iminated all zero terms. An analysis
of variance was made on the transformed data
(ta.hle 1). Interact.ion terms were ttssUlned to be
negligible, lllld were used to test signifieance.

The analysis of ntrianee produced no significant
F-values except for t.he "stations~' category. Be
cttuse t.he shttion interval varied from flO to 200
miles, significant. dift'erences are not surprising,
particularly in view of the extended geographical
(~.O\·et·:tge of t.he t.wo cruises (fig. 1). However,
between-stati~n dift'erences are of less interest than
are those types of variability leading t.o errors in
estimating spatial and temporal a.bundance..

It is diffie-ult. t.o e-onceive of tt biological situa
t.ion leading to statist.ic~.Ily different port and
starboard catches, for any such differences would
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FIGURE 2.-Unadjusted larval tuna catches showing reln
tion between means nnd val"iances, Data fl'om surfnce
tows taken on Churles H. Gilbert cl'uise 30 (table 1),
stmtified by l"tntion.

tend to be cn,nceled in random sampling. On an a
priori basis one could almost say that the statist.i
ea.l test was unwarranted, but before concluding
that the catches of the two nets were duplicates
it is well t.o consider additional information avail
able from ta,ble 1. The fact t.hat a· logarithmic
t.ransformation was necessary implies contagion,
or in other words, tuna larvae are not randomly
distributed in the ocean. Theyapparent.ly occur
in patches, perhaps resulting from spotty spn,wn
ing, early attempts to school or form feeding
aggl'egat.jolls, 01' other factors. Under these cir
'cumstances a· single mensurement is not t.oo re
liable nil estimat.e of larval abundance. It is pos
sible to set ndueial limits to the catch listed in
table 1 by nse of the error terms' menn squares,
these being estimates of the population pa.ramet.er,
(f~. Ninety-five percent (~(J") confidence limits
were selected, and these were eonverted to ratios
by use of their antilogs. For the Oha.des H. GU
lwd data, t.he !J5-percent limits were 46 percent
(100 X 1/~.17) and 217 percent (100 X 2.17), while
for the H1/,,qh J1l. 8'111iith saulpIes the limits were
27 and 366 percent.. For one t.ow t.o differ signifi
cant.1y from another, its catch would have to be
eit.her less tha.n about. V2 (%), or greater than
~ (H) times the catch of the second tow,

No stat.istical differences were found bet.ween
samples taken a half-hour Itpart at night; the
subjE'.c.t of 1\ changE' in catch with the ItdvancE'. of
night is discussed later in this report.

527188 0-60--2

VARIATIONS IN THE DISTRIBUTION OF
LARVAL TUNA

General Vertical Distribution

Wade (1951) and, more recently, :Matsumoto
(1958) have demonstrated marked differences in
larval t.una abundance between day and night
surface catches, :Matsumoto suggested that these
differences were cansed by It vertical diurnal mi
gration of t.una. lltrvtte, wit.h the fish rising to the
surface at night and descending to depths prob
ltbly not grenter than 50 meters during the day.
In addition to vertienl migrntion, this diurnal
variation in the catch could also be produced by
the larvae dodging the net. Larvae should be able
to see an approaching plankton net more clearly
during t.he dny than at night.

In order to compare the relative importance of
migration and dodging in larval tuna sampling,
a st.udy was made of the night. and day: catches
of nets fishing at. several depths. The dat.a for all
species of tuna larvae were pooled, and an aver
ltgoe catch was ealculated from all available sam
ples (Hugh ill. Smith cruises 4,5,6,7, 8, 11, 14,
15, 18, 31, 33, and 38; Ohm.ze.~ H. Gilbe1·t cruises
30, 32, llml 84). The dnta were derived princi
pally from samples eont.aining at. least. one tuna
larva, as it. was reasoned that the inclusion of
zero catches would int.roduce another variable,
namely the. eomplet.e absence of htrvae, as opposed
t.o merely not. catching them. 'Vhere more than
one net. was used at. a st.at.ion, aU samples, includ
ing zero eatches, were c.onside.red when any net
caught. a t.una larva. Hist.ograms showing the
average catch per thousand cubic meters of water
strained are presented in figure 3.

Of t.he seveml tendencies apparent in figure 3
perhn.ps the most ·noteworthy is the over-a.ll de
dine in catch with depth. About 75-80 percent
of t.he larvae occurred bet.ween t.he surface and
flO m., about 20-25 percent. between 70 and 130

. m., and pract.icaUy none below this depth (closing
nets operating from 33~-1~7 m., and from 81~-355

m. failed to capt.ure t.una larvae on H1tgh M.
Sm.ith cruise :~3). In t.he night. hnuls a marked
de,~r~ase was evident. between the snrface, 0-60,
70-130, and 140-200 m. captures, with the catches
of the 0-200 m. tows being midway in number
bet.ween those from the surface ltnd 140-200 m.
In the day hauls, on the other hand, there. was a
slight increase in catch with depth between t.he
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6,,--------------------, eatch of the 0-200 m. tows (which encompassed
this entire range) showed no night-day ditt'eren~p,

The faet t.hat the night-dny ratio decreased with
depth cannot be IIsed to evaluate the separate
effects of vertica.] migration and net-dodging, and
it. is of interest here chiefly because of its bearing
on salllplillg vagnries. Shallow tows (0 ur 0-60
m.) caul,rht about. half ns many tuna larvae dur
ing the day as at night, whereas 0-200 m. tows
caught the same number during eaeh period.
Deep (~losing'-net tows (70-1:l0 and 140-200 m.)
showed little or no night-day differenees, but. their
entehes were ton small for good comparisons.

In comparing the eatehes made at different
towing depths the qnestion arises as to whether
larva1 tuna are at. times restricted to the upper
layers by temperature. Some evidence that. they
are restricted in this manner is given in figure 4,
where the temperatures at various depths are
plotted against elosing net eatches from these
depths (sampling wn.s eomplet.ely stratified in
time n.ncl space). Here the larvae can be seen to
abound in the wn.rm surfaee layers, lmd n.I1 cap
hIres at 70-130 m. were made where the water
wn.s GO°F. or wanner. One of the two In.rvae
tn.ken n.t 140-200 m. was captured at It station
where a tongue of 60°F. wat.er projected well
down int.o this depth range, but no explanation.

1191 (191

L----.---J
140-200

(211

• NIGHT

~DAY
(51)

(1001

o

5

L-.,...-J L----.---J L----.---J
0-60 0-200 70-130

DEPTH Of' TOW(METERSI

FIOURE B,-Night and day variation In larval tuna catch
with depth. Number of tows is shown in parentheses.
The number of IllI'vue obtained at ea('h flepth were as
follows: 0 m.-9::!7: IH.iO 111,-432: O-::!(H) m.-59::!: 70-1BO
m.-::!O: lIIHI 14o-::!on Ill .• ::!.

I<'WUIlE 4.-lsuthel'ln depths at plankton stations, H'ugh ill.
"/S'mifll el'uise RH. Stations lire ranked fl'om nOl't!1 to

south: teml,el'atul'e allll Ilt~Jlt.1I IIWa81ll'ements (lpl"ivecl
frlllll 1I11 thyt.hel'nlllgraph t.raf:t>s. Dot.", I'eprl'sent. dosing
net tows ~'ielding tUlia lal'\·ae.

surface, 0-60, nnd 0-200 m. tows. This illustrates
an a.dditionnl point as follows: the inerease with
depth may indie-ate a reduetion in the amount of
dodging with a deerease in illumination, or it may
represent a downwa.rd migratiOl~ during the day
light hours. This contrasts with th~ situation
found for night eatches 'where the density of lar
vae was much greater toward the surface. Such
a change in abundance obviously signifies vertical
migration, and, although dodging is a fa.ctor, we
believe that migration is of greater importance in .
determining the number of larvae captured at a
gi yen depth and time.

Anot.her tendency shown in figure 3 is the night
day difference in catch at various ,depths. This
clifferenee is most marked in the surface tows, less
between 0 and 60 m., of dubious status at. 70-130
m. beeause of t.he small nl1lnbers involved, and
a.pparently laeking ltt 140-200 m. The average
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IAnaly.~s Jl~rl(lrm",l on <lata tran.lormed by x'
= 10" ( x+1 )]

~ IIl,OKIO 1113 01 water strained

1'''HI.I'; '2.-·('orrc!oli(l1l be/wee1l /"/'/10/ tlllla calche.~ /l/ode
t'll 0 /l/p/cr, O·-I}O III., (/1/(/ (1-800 /1/. tows 011 Hugh M .
8111it.h rrlli ...w ;,,8

IS oft'l'red fOl' the );\I'va taken in 52-5[)oF. watet'
bl~twcI~n 140 and ::!(lll Ill. Aside from this one in
stanet~, it appears that, lilIoF. is the minimum tem
pcmture at whieh tuna larvae occur.

3000 10 20 30 40 50 0 10 20 30 40 50
TIME FROM START OF l"QW(MINUTESl

250

I"wUlu: !'i.-Cntch-depth-time relations fO!' two stations
where O-liO m. anl1 o--::!OO 111. tows were opel'ated simu1
tall,'ou>llr nt lIight (HI/fill 111, ."!mith cmise 38. stations
4::> :11111 8:!). Left tigure ",hows situation whel'e c!ltches
weI'", tlw >1:1 lilt', I'ight tigm'e shows situation Whel"e catches
wel'e 1."lIlsidel'llb1s lliffel'ent. Cil'dell values l'epresent
<:ah:h (total tunn hll'vue pel"I,nOO cubic metel's strained).

minc the p\'oportionality of their catches. The
eOl'l'elation analyses are summarized in table 2,
whel'e all species of tuna larvae were pooled and
stations were disregarded if neither net captured
a lanaI tmUl. As in the analysis of reliability,
the data were heteroscedastic, and a transformation
. I f I I ( x+1 )In t Ie orm x = 0 .

g 10,000 m3 water stramed.
was necessary.

The data in table g show that. neither the sur
fnee nor the 0-60 m. tow captured a fixed frac
tion of the 0-200 m.....at.eh. There were signifi
eant correlations bet.ween the surface and 0-60 m.
captures, but these are of little importance be
cause neither net sampled the entire vert.ical dis
tribution of the fish. In t.he 0-60 m. and O-gOO m.
tows, at least, the deep net sltmpled depths fished
l110re extensively by the shallower net, and one
would accordingly expect. a "pa.rt-whole" correla
tion between their catches,

Figure 5 shows the tracks and Clttches of 0-60
and 0-200 111. tows nt two stations where these
nets were used simultaneously; at one st.ation the
eatches were equal, at the other they differed
considerably. Fishing dept.hs were calculated
trom observed wire-nngles, and thermocline
depths frol11 bathythermograph records. The
dashed intercept lines of figure 5 delimit the time
intervals in which the O-gOO m. tow fished in the

-0.03
0.10

"0.6;
'0.0;0o ")0)

12
13
14
14
14

Numher of Calculated
stations r-value

considered
COIl1J.1ul'i~on lwt.wl'I.'I1-

·[nllif.·atl·~ i\ :.;j~nifirallt r~v:lhl(1 (/)<11.05'.
''In,Ii<,,.I,'s a hi~hly signifimnt ,-""Iu,' l/O<O,Oll.

The aho\'e data on ve.ttical dist.ribution and
night-flay nlrintions are of aid in selecting sam
pling t.illle~ and depths, hut. the basic reason for
sampling larval tuna isto obtain estimates of their
aJll\llfla nee, In order for these est.imates to be
Illeaningful it, is requisite that they reflect the
prese\1l:e of all t.una larvae, or, in other words, one
should be able to say t.hat there are ;1.' larvae be
neath;1l areal units of sen. surface. If a· plankton
to\\' sample~ all of the larvae beneath a given sur
f;we area then its eateh provides an estimate of
absolute abundance. If the tow capt.ures a fixed
percentage of the larvae, then an abundance esti
mate can he made providing a conversion factor
is available. Obviously a tow which catches no
set portion of t.he larvae is useless in furnishing a
reliahle abundance estimate. "Tith these points
in mind it is well to consider the utility of the
information afforded hy the various plankton
to\\'s discussed above.

It hns already been shown that larval tuna
oe....ur from the surface to depths of 140 to 200 m.
Of the severaI tows l:onsidered, the 0-200 m. is
the only one sampling this entire distribution, so
that. its catch is the hest referenee for comparative
purposes. On cruise :38 of the ll'Ugh M. Smith,
O-fiO and (H:mo m. tows were taken simultaneously
(from the sallle tlm'ing cable) each night, and
these were followed by t.wo successive one-half
hour surface tows. Although these tows differed
slightly from eaeh other with respect to time and
space they are the best available for the compltri
son, and correlation methods were used to deter-

Fio'st 0 m. and 11-200 nwl"I"•. _. . _._ __ .
8I'('on(( 0 m. iUull1-20U 1111.'tl~I·S••• __ • . __ .•••. __ .
I'~ir:~t n m. :lIlrill-liC.1 mell'I"S . _. . . _._
Sl'c.'und 11111. :Ill1ll.1-liU l111't('rs•.•. .•
1)-liO nH'h'l"~ :11111 U-200 I11l'h1rs •• _ . _. __ .. .. _. __
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1·'llanu; li.-:"iight.-fla~" val'iat.ioll ill larval tUlia tateh with
/lept.h. t:'xPI't:'s"",fl in h'I'JUS IIf an!:!l l:ateh, Numhel' of
t.ows is "hllwlI ill pal't:'IIt.hes",,,, The number' IIf lUl"Vue
IIIot.a ill\'tI lit "adl ,1l:,pt.h was as follllw,,: O-iiO Ul,--43~;
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that essent.ially the entire 0-200 m. depth range
was sampled. The cmllubtive nreaJ nbundnnce
est.imate furnished by these ;J, nets should nearly
equal that of a 0-200 m. net if a similar conver
sion were made. In this case, however, the depth
mult.iplier for each net was 60 (meters), and the
"surface" occurred lit 0, 'iO, and 140 m., respec
t.ively.

Figure () depicts t.he O-t~O, 70-1:30, 140-200, nnd
0-200 Ill. data of figure 3 expressed as t.he number
of larvae beneath 10 squa.re. met.eTS of sea. surface.
It. is apparent. from figure Ii that the sum of the
eatehes of the triple-net. tows was less than the
0-:300 m. cateh, partie-nlady during the da.y. Be
c'·anse of the two 10 m. gaps in t.he t.riple nets'
depth range one might expect about. a 10-percent.
difl:'erential (20/200) bet.ween the two cntches.
BeclUise the inequalit.y was 31'i percent. for the
night hauls and 76 percent for the day hauls a

depth mnge of the O-fiO m. tow, these amounting
to 1~ minutes for eaeh station. For the left panel
of figure 5, the total 0-200 m. catch should be
hve]ve-eighteenths of the 0-60 n1. catch plus an
additional eltteh, (fl' taken at depths greater than
those fished by the 0-60 m. net. For the right
panel, the eompnm.ble expl'ession would be 12/19.5
X (O-(-iO m. cateh) + ('2. Substituting the 0-60
m. catch values, these expressions reduce to 1.5
+ 0 1 and 11.0 + O2 larvae/WOn cubic meters.
The former is a reaslllHthle approximlttion of the
actual O-:WO m. cateh of ~.-J. larvae/WOO eubie me
ters, whereas the latter difl:'ers deeidedly from the
actual eatell of 1.0 laTvae. The majority of 12
other stat ions similarly mmlyzed also showed
marked differences, suggesting that the dispro
portionality between the 0-60 m. and 0-200 m.
eatches nJ:l.Y be caused by a spotty distribution
of hum la l'vae. Thermocline depth did not ap
pear to be related to the ..~atch, although there
were indications of a catch decline when the 0-200
m. net fished deeper than the 60° isotherm.

In the preceding discussion the n.bundance of
larval tuna was expressed in terms of the volume
of water strained. The conversion of this measure
to one based on l"treal units of sea· surfa.ee was
accomplished with the aid of the following con
ventions. It. seemed obvious that only those tows
fishing throughout. the vertical mnge of tuna
larvae could fU1'l1ish acc-urate information on the
numher of larvae beneath a given surfaee area·.
Of the various tows st.udied, the 0-200 m. was
the OI11y one meet.ing this depth requirement,
with a speeial situat.ion existing for ?'-level elos
ing nets. Transformation of the 0-200 m. data
in\'lllved multiplying the number of larnle per
euhic meter stmined by 200 (the depth of tow in
meters) 1"0 give the number benent.h 1 sf{uare
meter of surface, and then 1l1111tiplying this value
hy 10 to give the numher beneath 10 square.
meters. (This al'en of sea surface was selected
as a standa.rd sinee it gl\\"e abundan..:e estimates
of about the same magnitude as the number of
larvae captured pel' tow.) Multiplication hy
rlepth presupposed that sampling was equa.lly in
tense at. all depths, an assumption horne out by
the relatively smooth traeks of the 0-200 m, nets
shown in figure 5.

POFI"s a-level closing lIets fished at depths of
approximately O-fiO, 70-1:~0, and 140-~00 m., so
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poor "sampling stratifieat·ip'!.1 is suggested. The
same I?akulations made for the st.at.ions where
ll-~lll) m. and triple-net tows were made together
(Huph ill. S:IIIJth eruise :3:3, stations 18, 20, 26,
and ~8) produced a similar disparit.y (1.78 lar
vae/111m~ for night. o-~oo m. tows, and 0.91
lal'\'ae/lllm~ for night triple-net tows). How
nnwh of this is sampling artifact. and how much
if; real tan only he determined with more data.

It would appear that., of the various hauls em-'
ployed, the· o-~oo m. tow, by f;:t1npling the cOln
plete vertical range of lanaI tuna, pl"Oduced the
1110st. useful information on their a,bundanee. In
arldition, night-day cateh Vltriations were sup
Jlressed in this tow, althongh this might not be
true in regions where a limiting isotherm, such
as (;0°, 1ies deeper than 200 m. Disadvantages of
the O-~IlO 111. tow are that. it may fish too deeply
and its eateh eonsists of relatively small numbers

of tuna hirvae (hll'ge numbers are frequently
needed for statistica.l or other reasons). In an
attempt. to obtain a more representative sample
of hwval hum POFI is present.ly testing a 0-140
m. oblique open-net tow. It is believed that. the
O-HO m. sampling range eovers the vertical dis
tribut.ion of tuna larvae, that day-night. variat.ions
ill eateh will be small or absent, and that the
number of captures can be increased by taking
two half-hour samples per st.ation. 'Vhere the
major sampling gOltl is the capture of large num
bers of "larvae, then sha.Bow tows at night. are a
better choice. In table :3, which shows the fre
queney of oecurrenee of catches of different. mag
nitude by the several t.ypes of tow, it is apparent
t.hat. our largest catehes were obtained at night

. ill surface or 0-60 111. tows. The noticeable
species differences in (hty-night catch are dis
cussed in the following section.

TABLE :1.- Frr~qlle/ley of oeellrrena of cotchUI of different lIIo(lnit.ude in mriolls types of tows

Numb~r of 1arv3~/1ll001J13str3ill~d

WIll'lI e:llIght,
0.1 to

3.9
4.0 to 8.0 to 12.0 to 16.0 to 20.0 to 311.0 to 40 to

7.0 11.9 15.9 19.9 29.9 39.9 59
f\l) t,o I 100 to

99 199
500 to
1,000

SKIPJ.~rli'Surber _

11-"0 m _

ill-laU J1L., •

1411-:!tlll III. _

YI=:I.I.I"'" Jo"I~
~nl'r:\("t~ • _

1.1-''') In . _

1}-2011 II" _

,I}-1311 m _

1411-2110111 _

I"nlC~ATE !\l.J,CKEREI.

Slll'raCl.' _

1J-1:'tU 111 _

'}-200 111 _

,1}-1311 111 _

141}-2f.ollll. _

Day ._______ q 1 . . . _
Ni~hl,-______________________ 40 9 ~ 3 1 2 ' _
nuy________________________ 15 1. _
Night._______________________ 22 j 2 . .___ 1 _
Day .___________ H 4 1 _
Ni~ht,----------------------- 4'; 6 1 1 _
I):\y. . . . .. •
Ni~ht, .. 5 _
nay _
Ni~hl,----------------------- 1 _

Da~·----____________________ 5 1 _
Night,_______________________ 48 8 3 2 1 1 _
nay________________________ 19 _
Ni~ht.----------------------- Z.:! , 1 1 1 _.. _. _
Day________________________ 34 2 . _. _
Ni~hL---------------------- H 1 _
nay .. _
Night_______________________ 3 _
D"y _
Ni~ht---.------------------- . . _

u,,)" _
Night._______________________ I, 1 1 1 2 2 3 1

~jiiil--:::::::::::::::::::::: ~ ------3- ------j- ::::::::1:::::::: ------2- ------2- :::::::: -------j- -----T ::::::::
D")"________________________ 2 _
NighL______________________ 4 _

~jiiit--:::::::::::::::::::::: :::::::: :::::::: ::::::::\':::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::
~~;iC:::::::::::::::::::: 1_ :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::1:::::::: :::::::: ::::::::

Diurnal Variation in Shallow-Tow Catches

ronsidl'ring diul'l1al ftuetnat.ions in abundlmee.
'Vade (l!l;")1) fou1ll1 skipja(:k ill lj pl'l'cent of his
night. snrfae~ samples bnt in only 3.6 pereent. of
his day sul'faee samples. He found a similar
situatioB for what he termed E-utlt,lIUnW5 Y(I#O

(little tUll1ly) , whieh was in realit.y frigate maek
ewl (Matsumoto, personal communicat.ion), but.
llot for yl'lIowfin. For the !:tHer speeies, day and
night. tows were equl\.lly sneeessful in e-:tpturing
lal'vae, and high e-atehes oecurred randomly
throughout. a 2-!~hour period. Matsnmoto (1958)
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FWURE i.-Lal'val tUlIu eat.:h hy slll'fa,,,.~ millO-IiI) m. tows
lit variom; timl'!': of duy. All .lata are il'om Hawaiiall
waters.

noted a striking day and night disparity in the
catch of "t.una larvae" (t.hree species plus an un
ident.ified category, combined) taken by surface
tow, but. ttny differences between skipjack and
frigate maekerel~ on the one hand, and yellowfin,
on the other, were masl,ed by his pooling of
species. Actually his data. (see below) included
nearly 50 .percent more skipjack and frigate
mackerel, combined, than yellowfin.

The catch of t.una larvae at. various times of
day and at. t.wo sampling depths is shown in
figure 7. Included are Mat.sumoto's dat.a from
H'ugh 111. 81l1Jth cruise 6, excluding his uniden
tified category. It is obvious that skipjack and
frigate maekerel were infrequently capt.ured at.
t.he surface during the day but were often taken
the.re in numbers at night. Yellowfin were ir-

7.--...,....-,-.......---,-.,.----,--,.-...,....-,-.......---,-.,.--....,----,

6

regnlarly distributed throughout a 24:-hour period,
with low surface cat.ches occurring chiefly at
mid-morning. Skipjack showed about the. same.
diurnal distribut.ion in the 0.-60 m. catches as in
the surface captures, whereas t.he 0-60 m. frigate
mackerel capt.ures were much great.er than at the
surface. The 0--60 m. yellowfill catch was irregu
Ittrly distributed and showed no clear relation to
t.he surface catch. This pat.tern of an increase in
catch at night. could be caused by either vert.ical
migrntion or less successful dodging as discussed
previously. If dodging only were involved one
would expect the catch t.o he essentially constant.
during the hours of dltrkness. In the case of
skipjack this is manifestly not so, for the catch
increased markedly bet.ween 1800-2000 and 0200
0400 hours, during which time illumination re
mained the same. Vertical migration therefore
appears to be the major factor causing the in
crease in surface catch at night.

Anot.her point illust.rated by figure 7 is that.
surface captures of yellowfin and skipjack com
menced in the afternoon, wit.h yellowfin appear
ing in the catch earlier than skipjack. During
the period from 1800-2000 hours, however, both
species were uncommon or lacking in the surface
catches. This is the time of sunset, and it. also
maFks the beginning of the ascent. of the deep
scattering layer and of invertebrate plankton.
Subsequent to sunset, the larvae. of both tunas
increased in the surface catches. In order to
investigate the effects of sunset. on larval tuna
abundance, 6 half-hour surfnce tows were taken
ofl' Oahu just before and after sunset on each of
two consecutive days. An EDO depth recorder
was used to measure the depth of the vltrious
scattering layers, but good traces were obtained
by this instrument. on only one night.. The larval
tuna and invertebrate plankton catches made dur
ing t.he two nights, along with the EDO t.races
obtained on one night.. are shown in figure 8. It
should be pointed out thnt in the figure, the plot
ted times of captm'e for larval tuna and inverte
brate plankton rcprese.nt the. midpoints of the
half-hour towing intervals.

The larval tuna cll.tches shown in figure 8 indi
cate a late afternoon increase in surface abun
dance for yellowfin but not for skipjack. The
invertebrate plankt.on volumes peaked just after
sunset. and declined thereafter. The two deep
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1 (Tnpllloli.hcd (lata in POFI Ill,·•• BurclIlI ()f l'ommcrei,,1 h'l.h·
..rics LII horn tor~·.

FIGUR~: S.-Effect lIf sunset on lal'val tunll and inverte
bl'ltte plankton catches. lind depth of deep-scatlel"ing
la~'el', as nbse!'ved on Clut.,./'!!! H. (J ;1111:1"' (~ruise 34, sta
tions 4 anll 13. June ~1-2~, 19i'i7. Plotted time fOl' larval
tUII:I and plnnkton cntehes is midpoint (If towing interval.
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tuna catch (skipjack and yellowfin combined)
with the accompanying invertebrntc plankton vol
umes is given in. figure 9. The plankton data
were obtained from the report of Ki.ng and Rida
(l!'lM) (lb'·[lh 11/. Smith cruises 4 and 6) and
{mill unpublished information in the POFI files
(Hugh !l1. Sm.ifh cruise 38 and Oh,m'le8 H. Gil
bed cruises :30, 32, and 34). The dotted line in
figure 9 waS fitte.d by eye to ene10se the maximal
sitnations of nbundanee.

7

6 LARVAL TUNA

Si
···········-SKIPJACK

5 --YELLOWFIN
0
0
0
:;: 4....
:!la:.. 3...J

2

scattering layer traces obtained became insepara
ble from each other and from the surface trace at
about the time when plankton volumes were
gt:eatest and the larval tuna catch the least. It
seems evident that the change in environmental
conditions accompanying sunset ha.d marked ef
fect on the surface abundance of tuna larvae and
invertebrate plankton, and on the position of the
deep scattering layer. It is likely that these
items are themselves interrelated.

Some contemporary thought holds that euphau
siids amI other erustacean plankters are the prin
cipal components of this layer (Boden 1950,
Moore 1950). Our data showing an increase in
surface phmktoll concurrent with the rise of the
deep scattering layer are in nccord with this idea,
although copepods and otlH~r small crustacea were
considerably· more abundant than euphausiids in
the samples under consideration. Supposedly
these plankters are phototaxic and migrate to
maintain position at a weak state of illumination,
with .their movement to the surface at. twilight
being a response to fading light (Clarke and
Backus, 1956). Although this explanation ac
counts for the twilight. peaking.in surface plank
ton it does not explain t.he marked decline oc
curring shortly after sunset.. This decline is real,
for it was found on two successive days in the
present study and has been noted several times
by E. L. Nnk:nnm'a. 1

The question now arises whet.her tuna larvae
are important. constituents of the deep scattering
layer. The following lines of evidence indicate
thnt. they are not: the surface abundance of larval
tunn. was complementary to that of the deep
scattering layer of invertebrate pla.nkton at sun
set; lan'al skipjack and yellowfin were commonly
taken nt. the surface during the afternoon, well
before the deep scattering layer arrived at the
surface; and our deep closing net samples indi
cated extremely scant.y n.bumlance of tuna. larvae
at 140-200 m., so that it. is unlikely that they
occur at the 350-550 meter dept.hs occupied by
the deep scattering layer prior to ascent.

Relation of Larval Tuna to Invertebrate Plankton

It was noted that larval tuna and invertebrate
plankton were complemental'y in abundance at
twilight, and it was deemed wort.hwhile t.o ex
amine t.his relat.ion further. A. plot of the larval
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FIGURE fJ.-Number of larval skipjack and yellowftn (com
hined) in relation to acc(llllpan~"ing invertebl"ate plank
ton volumes. Data deJ'ivell from 177 s:l111ples taken at
0111. 01' O-fiO Ill. between e\'ening nnd 11nwn. CUl'\"e fitted
h)" e~'e to i1l('lllde IIInximal lloints.

In figure 9 it. is seen that all of t.he large
eatches of tuna larnte were accompanied by small
or moderate volumes of invertebrate plankton
(roughly 10 to 60 m1./1000 eubic mete.rs). The
catches lowest in plankt.on confained few larvae,
as did those richest in plankton. .A similar but
more marked situation obtained for frigate mack
erel (not shown)" It might be hypothesized that
the low plankton concentrations were assoeiated
with either low-nutrient water or with enriched
water so new to the euphotic. zone t.hat it had not
been exploited biologic-ally, In neither ease
would larval tuna be expeeted to abound. At
the othei' extreme, large llluubers of invertebrate
plankters eould represent. both sueeessflll biologi
eal exploitation and a low level of grazing hy
higher forms. Many plankton feeders, sueh as
~mall fish, squid, and erustaceans are of value to
adult tuna as food (Reintjes and King, 1953;
King and Ikehara, 1HMi), so t.hat. in their ah
sence few a.dult hma woulfl he present., and logi
eally thert' wOllld be a pallei to)' of tuna larvae
(linless tuna spawn in areas of pOOl' forage).

The slmpe and skewness of the dotted line
(fig. H) were evident in the data segregated by
species and by cru ise, and pooling was only done
to emphasize the maximal (limitingn situat.ions.
The nearly vertkal aseent of the left. limb stood
in contrast to the gradual descent of the right.

. Whether t.he right-hand slope represent.s inverte
brates grazing on larval tuna is not known, but
t.here is some evidence t.hat the left. slope does
not depict tuna larvae feeding on invertebrates.
Clemens (1956) found t.hat juvenile tunas re
jected invertebrate phmkters as food but. avidly
fed on softer-bodied lnrval fish, and the single
larval tUlHt eontaining food, an 8 mm. skipjnck,
dissected by the writ.er had eaten a' fish larva
one-third its length.

The apparent ineompatability between larval
t.una lUld invertebrate plankton reminds one of
the exclusion hypothesis of Hardy (1935). In
t.he present. investigation, it would seem more
likely t.hat the two groups of animals are showing
It differential response to some stimulus, such as
light intensity, rather than act.ively avoiding
each other.

Length Distribution of Larval Tu'na by Depth and Time

Knowledge of the relative abupdance of various
size groups is of considerable importance in the
problem of sampling larval t.una. It. is desirable
to know the minimum size whieh can be eapt.ured
by a given mesh, and the maximuHl size which
can he t.al,en aJ a certain t.owing speed, From
the standpoint. of tuna biology, relative size abun
dance provides information on gL'owth and mor
tality.

For this report., size was expressed in terms of
length, and·tot.al length \Val'; selected from the
severn1 length measurements nsed for fish (p. ::!Hg) ,
Lengt.h was measured with the aid of a binocular
dissecting mieroseope fitted with an oeuJar mi
crometer. l\ieasnrements were made to the near
est· mierometer unit (O'()!)5 mm.), and·t.hen con
,"erted to millimet.ers and tent.hs of millimeters.
Be(~ause of body distortion :tnd frayed fins these
\\Ieasurements were sometimes overly precise., but.
this has been remedied by grouping the fish in
l-mlll. lengt.h eategories.

The percenhl.ge freflueney of OCCUl'l'ence by
l-lIlm. lenglh groups of skipjack and yellowfin is
shown in figure 10 for specimens collected on
Huqh 1ll. 8m:ith eruises 4-, fi, :n, and 33, and
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have resulted from yellowfin being less adept at.
net-dodging, although this variable is difficult. to
a,SSlty.

Of the Illnxilllltl sizes cnpture.d by surface tows,
yellowfin were generally Inrger ·than skipjaek
(fig. 12); the difference in length bet.ween the
yellO\din lind skipjnek !tuTae was fnirly constant
wit.h \"llrious sampling times; and 1n.J'ger sizes of
both species were taken"wit.h the tl,dvent. of night.
The last. point indicates less sllecessflll dodging
l\fter dark, while the first. two show t.hat at a
given time of day larger yellowfin than the skip
jaek ean he captured, thus implying that yellow
fin are sl ightly, hilt. consistently, poorer dodgers.
On the basis of casllal observations of the adult
swimming speeds, laLTa1 yellowfill may be slower
swimme)'s than sldpjaek. The I)-flO m. dat.a vary
irJ'egularly with san]pling t.ime but generally
point. out. the diminishing effeds of dodging as
greater (clarker) dept.hs are sampled.

10

20

Oha-rlex H. Oilbed cruise :34. Larvae between
a.o and ;'i.n nlli!. dominated the eatch of both
speeies. Silwe tuna larvae are thought to measure
between 2.4 and a.o mm. at. hatching (Matsumoto
H158) one would expect, the 2.0-2.!! mm. category
to predominate, and the faet. that it did not do so
indicates either un crroncous impression of hatch
ing size, a different. 1mbitat for this group, or,
more likely, escapement, through the net meshes.
These factors may ltlSO apply t.o t.he 3.0:....3.0 mm.
group, for it, was exceeded in number by the
4.0-4.H mm. category in most instances. The nets
employed in capturing these fish had aperture
widths of O.()(i mm. (body) and 0.31 mm. (rear
section and bag). Lurge larvae t> 5 mm.) com
prised only a, small lJOltion of the eateh, ltnd
although this stems in part from their being
fewe)' ill Ilumber, it also refleds their inl'l'easefl
agility and net-dodging powers.

Although the surface, O-flO and 70-130 Ill. tows
yielded similar lengt,h frequency distributions for
yellowfin they did Hot do 80 fo1' skipjllck. The,
O-llO m. samples cont.ained lIIore .large skipjack
hlrvae thltn those from the surfaee, whereas the
70-130 m. eollections had 1lI0re 8nmll skipjack
larvae than eit.her shallow tow. In t.he case of the
70-130 m. data, however, t,he small sample size
t.ends to discredit any conclusions drawn. '

Because samples from deeper than flO m. con
tained few tuna larvae of any kind, the discussion
of the telllpol'lll asped's of length distTibut'ion is
limited to the surfaee and the 0-60 m. eatehes.
These were segregated int.o day lmd night hauls
and replotted as figure 11. Except for the yellow
fin surface data the day samples conta,ined few
fish, amI the sl ight cOlltrnsts may not be real. In
general tenns there appeared to he little ditfer
ellC~e bet.ween the day lmd night length distriLm
tions of the surface catehes, but in t.he 0-60 m.
dat.a the two species were more variable. Here
there ~\'us a, te,ndeney for more large. skipjaek to
he taken·at. Hight th:lIl during the ilay, whereas
in yellowfin the reverse was true. If these phe
nomena ure not, sampling artifacts they nmy rep
resent. he1uwior having t.o ilo with dilt'erent.ial
vert.ical migrntion and net-dodging. Some ed
clence points to the existence of different migra
t.lonal patterns bet.ween skipjack and yellowfin,
for in figure 7 it was shown t.hat yellowfin were
more commonly ca.ught nt. t.he surfaee during f,lIe
clay than skipjack. These capt.lll'es eonld also
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0-60M.
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FWUllt: 1I.-~h:~ variation of skipjllck nnll Yl'llowfin 1:1I'\":Il' in relntion til tillle of slllllpling. Data derivl'd frolll

flll\owin'g I..·nt<:hes: sllrfnl"l' tows (skipjnck) 16 c]ny.174 night: (~'pllowtin) 71 chl~·. 23ft night: 0-60 III. tows (skipjnck)
:!7 lln~·. 147 night: (Yl'llnwtin) 32 day. 144 night.

ADULT VERSUS LARVAL TUNA
ABUNDANCE

for if a definite numerical relation could be estab
lished it. might result. in t.he substit.ution of plank
ton nets for poles and longlines to provide esti
mates of abundance in exploratory fishing. An
obvious limit.at.ion of this approach is that larvae
eont.ribute information only about the presence
of spawning fish. In calculations of the larval
adult, mtio particubr attention must. t.herefore be
paid to the size of the a.dults caught, for it would
be pointless to correlate the presence of larvae
and immature adults.

It. was shown earlier that of t.he va,rious plank
ton tows employed, the o-~oo lll. t.ow wa·s the only
one which sampled the entire vert.ical range of
larval tuna. 'Yhere possible t.his sampling method
has been llsed to provide est.imates of larval abun
dance, with t.he catl.'.hes being converted to the
number of larvae beneath 10 square Jl1eters of
sea· surfnce, and t.he rlay and night. samples being
eonsidered of equa.l reliabilit.y.

Yellownn are sexually mat.ure in appreciable
numbers only at. lengt.hs greater than I~O em.
("Yuen and .Tune, If/57); fish of this size are deep
swimming and best sampled by longlining (Mur
phy and Shomura, 11)53). For yellowfin, there
fore, only longline captures were considered, and
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FWUllt: l::!.--!\Iaxillllllll lellgth of tUlia lanae eaptnrel] at
"III'inus tilll€'s of Ilay, Data ,tp.·jvp,1 frnlll f"lI()willg
catehes: Sm·fM... tows. WO skipj:ll:k alld ::n1 ~'ellllwfill:

O-(';() III. tow,.;. ::on skipj:wk alld 17!l ~· .. lInwtill.

The determinat.ion of It lllunericaJ larval-adult.
tuna relnt.ion is of considerable pract.ical value,



LARVAL TUNA IN CENTRAL PACIFIC 245

TABLE oJ.--LClrval al~d ach It !fcl/owfin cctptured at the same
statinn

Considerable difficulty was experienced in re
lating the abundance of l:l.l'val t\.1ld adult skip
ja.ck. The adults are essentially surface fish, so
that it WtlS necessary to derive abundance figures
from t.he techniques peculiar to a live-bait fishery.
This fishery provides two measures of abundance,
one based on catch, the other on the number of
schools sighted during scout.ing. Adult.-Iarval

these were expressed as c.atch per hundred hooks.
The dat.a examined were taken from the reports
of Murphy t\.1ld Shomurn, (HJ53, 1955) dealing
with the catches made on c.rnises 5, 7, 11, and 18
of the Hugh ill. Smith. During these four cruises
longline stations were accompanied by a· 0-200 m.
plankton tow on 55 occasions (see Matsumoto
1958) . At 13 of these stations both larval ttnd
tldult yellowfin were captured, at 25 stations only
adults were taken, at 3 stations only larvae were
captured, and at 14 stat.ions neit.her larvae nor
adults were t.aken. Only the 13 stations yielding
bot.h adults and larvae were analyzed, as it was
reasoned that the absence of larvae might connote
non-spawning (the absence of adults in the pres
ence of l:U'vae was infrequent and is not pres
ently explicable). The data examined are pre
sented in table 4. As previously shown, the
larval data are skewed, and as pointed out by
Murphy and Elliott (1954), so are those for adult
yellowfin CitptUl'ed by longline. The data in table
4 were made approximately normal by transform
ing them logarithmically, and were analyzed by
correlation methods which yielded a non-signifi
eantr-valne of ().4-~~ (1'.oo=Il.f,[,3, Snedeeor
1946: 149). It would appear from this, that for
yellowfin either the larva/adult relation is not
well defined, or that the individual catches are
not reliable estimates of abundance.

Station Larvae per Adults pc,'
10 m' 100 hnoks

eatch eorrehtt.ions could not be calculated uecause
of a lack of plankton data, for in scouting, those
observations attended by adequate plankton tows
were generally secondary to other work programs.
The available abundance estimates furnished by
s('outillg thus suffer from inconsistency of effort
llnd insufficient data on the number of fish com
I)l'ising a school.

Despite these inadequacies there seemed to ex
ist. a rough relation between the numbers of lar
vae captured and schools seen, an example of
which is shown in figure 13. The data used in
t.his figure were derived from 11ll,gh 111. Smith
cruises ;33 and 38 (both primarily oceanographic)
and ()ha""e.~ ll. Gilbe1't cruise 32 (live-bait
fishing). All three cruises investigated the
waters of Freneh Oceania and the central equa
torial Pacific in .January-Mal·eh, the loeal skip
jaek season. For this study the region was di
vided into 13 areas (fig. 13) in aecordance with
the vessel tracks and certain oceanographic. fea
hIres. The number of hours of scouting and
number of skipjaek schools sighted were recorded
by area, nnd from these figures a measure of
abundn.nce, expressed as the average number of
skipjack schools sighted per 100 hours, was ob
tained. The data on adult. a.bundance resulted
from tl t.otal of 1,035 seout.ing hours in which 140
definitely identified skipjnek schools were seen.

It would have been desirable to extmet larval
skipjack abundance figures from the eaptures
made by 0-200 m. plankton tows, but unfortu
nately these tows were infrequent. on t.he above
cruises. As a eonsequence it wus neeessary to use
the night catches of the 0 m. and 0-60 m. tows,
bot.h of whic.h yielded about. the same numbers of
larval skipjaek per stat.ion (see appendix tables
i, 8, and 10). As wit.h the adult. calculations,
larval catch and effort. were summarized by area,
providing abundance est.imates in terms of the
average number of skipjack larvae per 1,000
cubic meters strained. The larval tuna data were
based on a total of 406 skipjack larvae capt.ured
hy.straining 14Jl,408 cubie meters of water.

The occurrence of larval skipjack coineided
wit.h that. of adult. schools, except for areas 6 and
11 (fig. 13). In addition, t.here was a general
proportionality between the two va-riables, so that.
area S had large numbers of :tdults and larvae,
t.he surrounding areas had small or moderate
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1.2
0.8
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5.0
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10.3
7.9

29.3
13.0
0.4
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1.3
2.9
1.4
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8.2
2.1
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2
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8
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>~0 o.OAMJ INO - AVERAGE NUMBER OF LARVAE/IOOO M" I
-:-~

~C>HAWA/I 'NO: - AVERAGE NUMBER OF ADULT SCHOOLS SIGHTEO/loo HRS.

I
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9
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1-

0

3 4 5 6

..CHRlSrMAS I

1.2 1.3 0 0
2.9 2.9 0 2.8 .-

7 8 9 10

MARlJJJE5IIs
IS

7.8 25.2 1.5 4.3
3.9 30.6 8.2 8.3

10"-

I
II 12 13

1.6
rAH/~ .~ 2.3

8.3 2.3 8.6
20"-

1!1o" I~ 0" I ic· Ii O· 110"

]t'IGUlt.: 13.-Relatinll betWa-ll nUlllhers of lanaI and adult skipjack. Datil fWIII Hu.gh M. I'~mith cruises 33 and 38 and
""'(/rl~''l H. ai-llll:rt ('rnise 32. See tl'Xt. fill' .letails.

numbers of each, and the peripheral arens fre
quent.ly lacked both. As with yellowfin, the data
were transformed logllrithmically and analyzed
by correlation methods. Ignoring the zero rec
ords, a non-sigliificant l'-Ylllue of 0.611 was ob
t.ained (1'.05 = 0.754, Snedecor 1946: 149). Again
it could not be determined whether the lack of
correlat.ion resulted from a relll lack of inter-rela
t.ion or merely reflected the inadequacy of the
estimates.

SUMMARY

(1) As a prelude t.o t.he colleetion a.nd interpre
tlltion of data. on larval tuna abundance, it. was
considered necessary to know the reliability of

the sampling methods, to standludize the time
and depth of sa.mpling for comparative purposes,
llud to understand certain facies of larval tuna
behavior. This report. deals wit.h these problems
by nn ana-lysis of the larval tuna catches made by
0, 0-60, 70-130, 140-200, and 0-200 m. plankton
tows. These tows were taken during 15 POFI
cruises in the wnters of the Hawaiian Islands,
t.he equatorinl Pa.cific, and French Oceania.

(2) The use of paired plankton nets showed
that. the cntch made by n single net could be
duplicated lind was therefore reliable within the
limitations of the snlllpling met.hod.

(3) Most. t.una larvae were captured between
the surface nnd 60 m. depth, with about 20-25
percent of the catch between 7'0 and 130 m., and
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practically none between 140 and 200 m. There
were marked night-day differences in catch at. t.he
surface but. these became less a,s greater depths
were sampled, and were not present in the 0-200
m. catches. Diurnal catch differences were at.
tributed to migration to t.he surface at. night and
to dodging the nets during the day, with the
former being of greater importance to the catch.
Some evidence suggested that. t.he ROOF. isot.herm
may be limiting t.o the occurrence of hum larvae.

(4) 'Vhen larval t.una eatches were referred to
areal units of sea surface it. appeared t.hat. t.he
0-200 m. plankton tow, by sampling the complete
vert.ical dist.ribution of the fish, produced the
most. reliable abundance estimates. There was
no apparent. relat.ion between the catch of t.his
tow and of shallower tows made at t.he same t.ime.

(5) Catch data from 0 and 0-60 m. tows
showed that. skipjack and frigat.e mackerel larvae
were rarely captured during t.he day but were
commor{ at. night. This tendency was less marked
for yellowfin, particularly in t.he 0-60 m. t.ows.

(6) Both skipjack and yellowfin began to ap
pear in the surface catch in the afternoon, but.
practically none were caught near sunset.. Their
temporary disappearance was correlated with t.he
evening rise of the deep scattering layer and its
nssociated invertebrate plankton.' Further study
showed an inverse relat.ion bet.ween the numbers
of larval t.Ulia and invertebrate plankton volumes.
La,rval t.una did not. appear to be constituent.s of
the deep scattering layer.

(7) Measurements of larval tuna, demonstrated
thnt. the dominant length group in t.he catch was
from 4.0 t.o 4.9 mm. in t.ohtl lengt.h. This size
range predominated at each depth sampled, with
slight. non-moda.I shifts het.ween day and night.
amI between eertain depths. Many Ia.rvae of the
2.0-2.~1 mm. group may hnve passed t.hrongh the
net meshes, as may some of t.he 3.0-3.9 mm. cate
gory, a.nd fish Inrger thnn 5 mm. were not. com
mon. Evidence derived from the lnrger larvae
indicated that. yellowfin were poorer dodgers than
skipjack.

(8) No significnnt. rel:tt.ion wns found bet.ween
t.he number of yellowfin t.nken by longline and
the number of their larvae captnred by 0-200 m.
plankton t.ows. Similarly no significant. relation
wns obt.ained bet.ween t.he number of skipjack
schools sighted per 100 hours scout.ing and the
number of Ia.rvne taken by 0 m. and 0-60 m. tows.
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APPENDIX

T.H'I.F. 5.-Lal'/'0/ t"1/" cO/Icc/I'd frOI/l ~Itrface h.all/.~ of ('ne-hour dura/ion on cru.ise 4 of the Hugh M. 8mith in Hawaiian
llla/er.~

[All d'lhl ,·,<:'<.·pt for lan-al tuna are from King and Hida. 19M: only skipjack and yellowfin larva" considercdl

Number of fish in samplc
Station :\"0.

"orth laW.ur.lc

Position

West longitude

Date Timc
started

Water
straincd

1m')
Skipjack Yellowfin Total

L ------------------- ~3O:·31'___ __ ______ . ____ . ____ _. 1~1007' ________________ . _____ 5/16/50 0934 2.255.3 0 1 1la ___________________ 22'='40' _. ____________________ . 161°15' _~ __________ _. "_______ 5/16/50 1722 2.004.7 6 7 13. 21°52.5' _ 1~1°07' ______________________ 5/17/50 0240 2.504.5 0 0 0.... - - - _. - -------------3 ____________ . _______ 21°06' __ _~: ~ : ~ : ~ : ~: ~::::::: ~: . 161°05.5' _ -.----------._----- 5/17/50 0925 2.699.9 0 2 24. ______________ . ____ 200:-14.5' _ ------- ----------- 161°07.5'_ -.---.------------- 5/17/50 1640 2.124.9 0 0 05________________ . ___ ly023.s' . -----._---- 161°06.3' _ 5/18/50 0028 2.231. 5 2 0 2
1\ __ . _ __ ____ . _________ H~o25' ___ : ~ ~ : ~ :: : .-.-------.- 159°50' ___ =::::: ::::::::: :::: 5/18/50 1048 2,271. 9 0 0 0
; - - - - ------ __ Po ______ 20°14.5' _ .-.-------.-

i~~~~~~~: ~~~:~:~:~~:~:~: ~~~I
·5/18/50 1835 2.967.4 I 0 0 08 _____________ . ______ 21°05' ___ ~:: ::~: ~ .-.-------.- 5/19/50 0255 2.472.3 5 4 99 ____________________ 2J047.7' _ 5/19/50 1000 2.585. '1 1 1 I 2Ill. __________________ 22~40' ___ -.: ~ ~ ~ ~ ~ ~ ~ ~: : :: ::: ::: 5/15/50 1456 2.742.2 0 0 0lL .. ________________ 23°30' _______ ._._ ----------- 159°50' ______________________ 5/15/50 2316 2,704..2 12 0 1212__ . ________________

2~o40' ____ __ _. _____ . _______ ._ 158°30' ___ . __________________ 5/15/50 0503 2.642.3 0 0 013 __ . ________________ 21°51' ___ . ____ _____ . _________ 158°29' __________ . ___________ 5/21/50 0150 2.906.2 16 0 1614 ___________________ 20°58' _______________________ 158°26' _. __ . _. ___ . ______ ____ . 5/21/50 1005 2.265.3 0 0 0
15_ 20°12.3' ---- --_. --' - ----------

158°30' ______________________ 5/21/50 1610 2,950.2 0 0 0
16_ ~:::::::: ::::::::: 19°22' _____ . ___ . ___ . ____ __ _._ 158°28' _____________________ 5/21/50 2253 3,017.4 2 0 217 ___________________ 18°32.5' _ 158°27.8' _ 5/22/50 0546 2.594.0 0 0 018______ . ____________ 18°32' ___::::::::: : =: :: :::: =: 157°05' ___ : ::::::::::: ::::: : : 5/22/50 1531 2.768.9 0 2 219___________________ 19°24.3' _ 157°10' ________________ .... __ 5/23/50 0018 3.09;.3 0 0 020 ___________________ 20°14' ___:::::::::::::::::::: 157°03.5' _--------- - -- - -- - - -- 5/23/50 0911 3,346.3 0 1 121. __________________

2O°S.~.7' _ 157°10.2' _ --_.-._.-.--------- 5/23/50 1648 2.739.9 0 1 122 ___________________ 21°53' ___:::::::::::::::::::: 157°08.5' _ 5/24/50 0120 2.705.6 13 5 1823 ___________________ 22°40' _______ . __ _____ ______ ._ 157°\0' - - _:::::::::: :: : : : :::: 5/14/50 1852 2. 191. 5 2 0 224. ______________ . ___ 22°45' ___________ . __ _________ 155°49' __ . ___________________ 5/14/50 0820 1.254.7 0 0 025 __________ . ________ 21CrM' ________________ ____ ___ 155°48.2' __ ---------------._- 5/24/00 1333 2,644.7 0 0 026 __ • ________________ 21002.5' _____________________ 155°45.5' _ 5/24/50 2107 2,815. 1 5 1 ~27 ___________________ 20°30' _______________________ 155"45' ___:::::: ::::::::::::: 5/25/50 0214 3,098.8 5 0 528__ ._. ______________ 18°33.5' _- ~ -. ---_. - -- --- -----
155°48' ______________________ 5/25/50 1740 3,169.4 0 0 0

TARI.E Il.-Larl'a/ /.I/na collec/cd hy S-le!Jd cloRin(1 Ilet.~ 0/1. cruise 81 of /he Hugh M. S"lit.h (nllmerol/.s sQmples no/
processed)

!All data. except hlrval connf.., from King and others. 1957]

Station No. De.pth of tow
(mel.e,·s)

Latitnd,-

Posit.ion

Longitud,-

Date
1955

Time
st.artNl

Water
sf.raim-,j

I.mlll

NUlllP.cr of fisb in sampk'

SkilJ- Yellow- Frigate lTnidcn-
jack lin m'lck- tified Total

en-I

Tc.tl. .. 0--41'_. 200 38'N 157°49'W 9/23 15U1l.+1m 5!l'2.Y 0 1 0 0 1
59~~9 , .__ 661.8 II 0 0 0 0

Tcst2 0-51' . li046' N 157°09' W_________ 9/24 1418 "'~6.6 () 1 0 0 1
56-110 ' .. . ._______ _ 458.9 0 0 0 0 ()

1. u42 12°02' N 156°\4' W.________ 9/26 0939 814.1 0 0 0 0 n
101-206____________ 514.8 0 0 0 0 0
221\-403 .______ 562.1 0 0 0 0 0

3 (1-77 lU042' N 156°04' W __ .. 9/26 2222 1.537.0 0 0 0 3 3
5~-137 . • 1.083.0 0 0 0 0 0

4.______________ 0--63 09°24' N 155°50' W_________ 9/27 1005 1.113.6 1 0 0 0 1
~1-127 .. . 921.5 0 0 0 0 0
137-240_-' .. . 1.482.9 0 0 0 II 0

IL . (t-;4 Oi°5t)'N 155°16"V W2j 2309 1.480.; 2 4 0 n n
7 0-7~ . __ 06°42' N 154°54' W_________ 9/2S 094~ 1.577.7 1 0 ., ') 3

68-160 . ._____ 933.7 0 0 I) 0 0

i;~-;-;:~~-~-~;:~I g~::---J~~i:::_--1iii:::::: :::i~::- ;:~! I !I II ! ! !
I Data not reported hy King et al. becatis~ of (homage or malfunctioning of gear or other reasons. Most of thesc data not incul poraf.ed in present analysis.
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Til. BI,E ti.--Larl'al tll.n(~ collecteri by S-Iellel dosing nets 011 cruise 31 of the Hugh M. Smith (nlimerOll.~ samples not
processed) --Cont.inued

[All d:\ta, ~XCl'pt lar .. ,l1 rounl.s, from Kinll and oth~rs, 19,~,1

l:\tatlon No.

45 _
4lL _
48 _

85 _
S, _
88_. _
90. _

19 •
2] _
21 ..
22. ..
24 ...

. ~~,~~----_' D.te I Water Numher of fish in sample
D~\>th of tow .. Time. straine'\ ----~---------

(mple,'S! 191i5 sl,trted (1113) Skin- Yellow- Frlgale TJl1id~n-_________________________~'::: L::~:~ iaek ~~ _~~~~~~~~ _~:~
15_ .----------------. 0fi-132 08°26' N 150°54' W_________ 9/30 2\[>, 833.0 2 0 0 U 2
lli_ ----------------. fl-f\4 09°\3' N 149°48' W.________ 10/1 0932 1.285.6 0 0 0 0 0

52-145 ----------__________ 1,1120.8 0 0 11 0 II
115-341'-- 11°32' N 148°13' W_________ 111/2 01<45 l,ons.5 0 0 0 0 0
n-59 . lOIjft.Ij' N_._ .. 1·17c,lO' 'V 10/2 2'JOO 1,51"13.2 0 2 0 0 2
lfi1-300 ----------__________ 31i1l.4 0 0 0 0 0
1,1-3I,~ 1O°16'N 146008'W 10/3 0929 851.8 0 0 0 0 0
1l-68 09°411'N 144°54'W 111/3 211i3 1,502., 0 I I 0 2
141-259 ---------- .______ 1,19,.1 0 0 0 0 0

2[, .. 0-,5 09°02' N 143°5,' W ._____ 10/4 0918 1.298.2 0 0 2 0 2
2, .. 11-71. os034' N 142°34' \\' 10/4 22111 1.502.2 0 2 0 I 3

47-132 ----------__________ I. 772.8 0 0 0 0 II
28 • 0-5, (~~0011' N 141°24' W_________ 1lI/5 09'J.1<'+91 1,500.9 0 4 0 0 4

63-131i -------------------- -.------------------ -------- ------------ 1.310.3 11 0

00

I 0 0 030 - 0-/18 08°55' N 140°O'l' W 111/5 215.~ 1.349.1 3 0 2 ,
1i9-137 ---------- . ._ .. 1,,40.8 0 0 0 0
131-259 . - 1.4OS.7 0 0 0 0

3;l 80-129' 10°:!9'N 13,043'W IO/Il 2155 0 0 0 0 0
34 --- 00-128' 11°)1)' N 13tl°3W'W_________ 10/, 0931 0 0 0 0 II

14HI03 ---------- .. l.lJ77.3 0 0 0 0 0
36 59-160 10045'N 135°36'W • 10/i 2152 335., 0 0 0 0 0
3, lJ-,9 10°10' N ! 134°12' W_________ 10/8 0931 1.3,4., 0 I 0 0 I

BI-152 ---------- .. 1.019.0 0 lJ 0 0 0
42 ..•',f,-143 09"31'N -' 129°53'W 10/9 2155 737., 0 0 0 0 0

14,-2,9 ---------- .. 1,19,~.7 0 0 0 0 0
43 .. 80-170 10°03' N 128°18' W ._____ 10/10 0938 521.0 0 0 0 0 0

180-334 ---------- • ._______ ioll.5 0 0 0 0 0
54-167. 1U030' N 12,°\li' W_________ 10/10 21561+8' 825.4 n 0 0 0 0
184-305 1Il055' N 12tl°12' W_________ 10/11 0937 404.4 0 n 0 0 0
0-<'00 1)030' N 125°00' W_________ 10/11 2\012 1.201. 7 0 n 2 0 2
1iJ-143 ---------- .. • .. 545.2 0 0 0 0 n

49 n·-/I8 12°11' N 123°48' W ._____ 10/12 0933 1,426.4 0 0 0 n n
6fi-141. ---------- .. 882.0 0 0 0 0 n
14,-256 ---------- .. 916.6 0 0 0 0 0

51. 0-41. 11°20' N 122°28' W_________ 10/12 2137 I. 432.tl 0 0 6 I) 6
61-130 -------- ._______ 988.3 0 0 0 l) 0
13,-2,0 ---------- .. 882.2 0 0 0 0 0

52 ~_ 1.1-59 1Il019' N 12[°13' W .. 10/13 0927 1,715.2 0 I ., 0 3
13,-300 ---------- .. 048.2 0 11 0 I) 0

54 O-al. 09°26'N II!.o58'W 10/13 2137 1,438.7 0 11 0 1.1 0
60-1052 .. .. .... 972.5 0 0 0 I) 0

Iib .. 61-140 08°38' N 118°53' W .. 10/14 0034 26.5.9 (I 0 0 I) 0

5, m=~~~::::::::::::-O[,Oi4'"N::::::::::: -iii028i W::::::::: --iil/i4- --2138------ l.~U g 3'I ~ 31 ~
r..~ :~~iii2::::::::::::: -'~~~~~~~::::::::::: _~~5:~~~~~:::::::::: __ ~?:~~ ?~~ l:nU g ~ ~ g ~

13,-302____________ 71,.4 0 I) II 'I n

HlI ~t~2ti3:::::::::::: _~~:~~~~::::::::::: _~~4:~~~~~-_:::::::: __ ~O:~~ ~~~~ ll.~U g ~ :l .g ~
1;1. 0-43 11"30' N 113°30' W ._____ 10/16 0925 .1,332.8 11 2 0 I) 2

68-121. ---------- ._____ 959.8 0 (I 0 0 n
151-259 ----------__________ 842.4 0 I) 0 0 0

6:i 42-1.'i6 12°22' N 112°27' W ._____ 10/16 2138(+7) I. 2<.'l. 9 I) I) 0 0 0
94-315 ---------- • 1.039., 0 0 0 0 0

tl~ . 61-1:.>n__ . fJ7°00'N 108°37""___ 10/2; 2151 1.039.:? I) 0 0 0 0
68 0-48 04°34' N 109°24' W_________ 10/28 2123 1.372.7 0 0 n I) 0

IBI-241i -------- . ~43.5 0 0 0 0 0
6\1 0-43 03°\0' N 1111°12' W_________ 10/2\1 1027 1,178.2 0 n " I I

,4-126_____________ w,.r. 0 0 0 0 0
16f>--21;3 ._____ 955.7 0 ... 0 0 0

,1. 0-45 02°10' N 110°54' W ._____ 111/2\1 2320 1,34,.6 0 0 0 4 4
74 76-135 11O°\4'S 112°20'W • 111/30 212, 475.2 0 0 0 0 0

171-277 ._____ 586.4 0 0 0 0 0
,5 __ - -------------- __ 0-48 01°23' S 112°·16' W 10/31 01122'+81 I. 335. 9 0 0 0 I 1

54-122 .______________ 413.6 I) 0 n 0 0
8:1.. 0-4, 1)7°42' S 114°52' W_________ 11/2 2127 1.264.4 0 0 0 0 ...

rf~~~:::::::::::: -(noM"s::::::::::: -i2{,o04''''::::::::: ---1-1/4-- --0926------ J~:~ g g g g ~
81'1-\35 na044' S • 119°59' W_________ 11/4 2144 554.5 0 0 0 0 '01
66-124 O,~016'S 120°(l4'W 11/5 1024 804.3 0 0 0 0
59-139 114°15'S 120ooo'W 11/5 2138 1,198.9 0 0 0 0 0

91.. ~~~~::::::::::::: -02°48,'8::::::::::: -iiiiiiitiiW::::::::: ---lliii-- --oo2fi------ Ut\:~ g g g g g
93 ~1/~~~20~:,::::::::::: :0::1;3:5:;:;::::::::::: :::9:;::;:\;;::::::::: :::I:I:/~:: ::2::lil::::::: n~:~ ~Ol 3 g g g

.~.• ----------- ~ .. 11 59 _________) ... _

IOS ~~i36::::::::::::: _~:~~:_~::::::::::: _~~9:~~:~~::::::::: __ !!:~ ~9~ t?~~:~ ~ g 3 ~ g
17f>--284 ------ .____ 205.9 ... 0 0 0 4

110 0-47 05°49'N • 120ooo'W 11/9 2122 1.390.8 4 0 0 0 0

m 1 f*~H~~~~~~~~~~:~~ ~~~:~~~~~-~~~:~~~~~~ ~~~~:~~~~~~~~~~~~J~~~I~~~~ ~:~~~~~] l.r~j ~ I ~ ~ ~ I g
, Data nol. rpport,·r.\ hy King et al. beeau~e of damage or malfunelloning of J(ear or other reasons. Most of these data not. incorporated in pn's~nt analysis.
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TAR!.!!: 6,-LuTlJul tunu collected by .'I-/plJel closill!/ nets all cruise 8/ oJ the Hugh M. Smit.h (llWl1erOU,~ samples not
pl'oCl?ssedj-Cout.iuued -

IAII 'lata, except IarvnI counts, rrom Kin!! 'Illd ,'Owrs, I~57]

;;t:ltiOIl No. De\Jth or tow
tnwt{lrs)

Position

Latitllde Longitude

Date
1955

Time
st:lrted

Wntcr
strailll'd

(m3)

Number or fish in sample

Skill- Yellow· Frigate Uniden
jack fill mack- tifled Total

erel
---------- --------- ----------1-------- --------------------------
113 __________________ 0-46_______________ 04°05' N ___________ 122°31' W _________ 11/10 2124 1,365.4 0 0 0 0 "M-1I8_____________

-iiloili'-N-_-_::::::::: -i23;;.j7;\V~====== == ---II/ii - --ii9ili - - - --- 1,105.2 0 0 0 0 0114 __ .. ______________ (1-46_______________ 1,785.6 0 2 0 1 3102-124____________
-OO';22i-N-_~ ~======:: =

-i27;:'08;\li~- ------- ---11/12- --2i37- ----- 155.3 0 0 0 0 0
119___ 141-284 ____________ 697.8 U 0 0 0 0
123___ : ::: :::::::: ::: (1-41 , 02-:'04' S ___________ 130°48' W_:::::::: 11/14 09471+9) 1.080.6 0 0 0 1 1

165-262:::::::: ::::
-i:)\0o,"l; s_":: === ===~= -i3i(;42; \V == ======= ---II/i:j- --2i3'1------ 884. 1 0 0 0 0 0

125___ --------------- IH7_______________ 1,552.6 0 0 0 1 1l)t\-I36_____ . _______
- - --- - --- ---. --- ._~- --- - ------- --_. --- -- ------ -- - - ~ - ------ -- 234.6 0 0 0 0 0

147-284. _____ . _____
-oooin;-N~~== ::::::: -i33'ioi;",:::::::: : . -- ----- -- . - -----_.- 905.'" 0 0 0 0 0

126 ___ . --- -- -- ----- -- (1-48_______________ II/If, 0921 1,590.3 0 0 0 " 061-122_____________ _. -- -- _. - -- -- - - - - -~- ------- - --- --- - - - - -- -------- --~ --------- 1, 137.3 0 0 0 0 0
14(1-187 I -------- --~--------- I, 03U. 3 0 0 0 0 0

134_ - ----- _. -- ---- -- (1-54 _______________ -05Q3i1' ·N-_~~:::::~:~ -i39°i2' \v ~:::::::: 11/17 22311 1. 192.9 1 1 0 0 2
4(1-134______ . ______ -------------- ----~- - -- -- ---- --- --_. ---- -------- --~---------

oo..~. 4 0 0 0 0 0
89-269_____________

-ij4°32'-N-_~:~::~ :~:: -i39°i i '\v~:::::::: --iljis- --ioiioi- - - - -- 494.2 0 0 0 0 0
135_ -- - ------ -- -- ---- rHlI_______________ 1,357.3 0 1 0 0 1l)t\-1I6_____________ -- ----------------~- ---- --. - - ------ -----

~ ~~I~I!~~l~~~~:~~~~~
1,034. 1 0 0 0 0 0

147-20';". ____ . ____
-03°27; I\(_~::::::::: -i3yoii' W~ ::::::::

96(1.3 0 0 0 0 0137__________________ (1-40_______________ 1,502.7 0 0 0 1 1
Ifll-240____________

-02(;27;-N-_~~::~:::~ : - i3Ih3,\,i ~ ::::::::
480.fl 0 0 0 0 0139____________ . _____ (1-45_______________ 11/1\1 l)\lIJ8 1.1196.3 0 1 0 4 5

7n-I311_____________
-~--_._----------- .- . -- --------- -------- -------- -- ----. - - --~

71fl.3 0 0 0 0 0
179-207 , 444. 1 0 0 0 1I 0

142__________________ (1-4('- ___ ~~::::::::: -iIi°i-i;-N'-_~~:::::::: -i39°27; -Vi ~:: ~:::: ~ --i-I/iil- --2i29------ 1,718. 1 0 0 0 0 0
54-143 ___________ :.

-li)~ir"-N-_~~~~ ~~~::~ . i-iooi2' W::::::::: --i-Ij2ll --i,-m5--- --- 469. 7 0 0 0 0 0
144. __ --------------- 1ll-122_____________ 38.0 0 0 0 u 0
147. __ 0-42_______________ 01°05' S___________ 140°00' W _________ 11/20 21311 1,465.9 0 0 0 0 0
149 ___ : ::::::::: ::::: (l-4fo_______________ 02°43' ;; 139°46' W _________ 11/21 0906 1,340.0 0 0 0 0 0'" --- -- ---- --61-118_____________

..------------- -- -- -- ----- --------------- -------- ------------ 878.6 0 0 0 0 0
137-237____________

-i14°i)3'g~~:::::::::
824.fl 0 0 0 0 II

152_______ 141-271.. ______ . ___ -i31i°:j2'W~ :::::::: --"1I/2i- --2ii7- ----- 621. 5 0 0 0 0 0
153_______ ::::::::::: 0-43 _______________ 00°31' S___________ 139°54' W _________ 11/22 1008 1,339.8 0 0 0 I) "63-126_____________

----~-- -- -- -- ------- ------- -- -. _. ---- ~-- -------- -----------. 96fl.4 0 0 0 0 0
141-2r~ ____________

-clio33; S:~ ~~ ~~ ~~::: 'i3y026'W::::: :::: --r¥~2r~~~~;~;~~
761. 9 0 0 0 0 0155__________________ 147-248____________ 987.9 0 0 0

I
0 0

ISo. ___ . __________ . __ (1-53______ •. _______ 00°30' N ___________ 157°47' W _________ 1,463.0 0 0 0 0 0

, Datn not reported hy King et al. hccnuse or d,\magc or malClInctioning of gear or uther reasons. Most (lr these data lll)t il\('orporatcd in presellt analysis.

T.~BT,E 7.--LaI'1Jal tuna eoUeet('(l on Hugh M. Smit.h rfuisc aa in eqllutorlal-waters

p(lsition

------1------Station No.
Approximatl'
depth of tow

I meters)
Latitnd., Longitlld.,

Date
195fl

Time
start.ed
1+10)

Wawr
strained

rm')

Nnmber olllsh in sample

Skip- IYellow- Frigate Ulli'len-1
jack fin mack- tilled Total

erel

0 0 0 0 I)

0 0 0 0 l)

0 0 1 0 1
0 0 7 0 7
0 0 S 0 8
0 0 4 0 4
0 0 19 0 19
l] [I 4 " 4
0 0 I) 0 0
0 0 0 0 0
0 0 2 0 2
0 0 0 0 0
0 0 0 0 0
0 1 3 0 4
0 1 3 " 4
0 0 0 I) "0 0 0 0 0

" 1 4 0 0
0 0 0 " (I

0 0 R 0 6
l) 1 0 0 1
0 0

II
1I 0

0 0 0 0
0 0 0 0
0 4 0 4
0 0 0 0

----------------------------1-----------_·---------
2 . (l-tj(, 1I°54.~' N 140°02' W_________ 31\1 1019 2,020

7(1-130 ._______________ 924
14(1-200____________ 1,303

3 (1-1)1, 10°02' N 139°57' W_________ 3/9 2127 2,098
70-131)1 .______ I,M7
140-200 , • 1,700
0 1,)°01' N 139°58' W_________ 3/9 2"..46· 2,352

4 (1-00 09°35' N 1411°115' W_________ 3/10 "9US I.M2
7(1-130 . • . ._______ 1,171
140--20o . • 1,265

5 (l-ljlL. 08°36,5' N 140°09' W 3/10 2118 'I,f.oO
7(1-130 . ___ __ __ _____ ___ 1,295
140-200____________ 1,333
0 • ._____ 22"..4 I,S95

6 0-<'00 07°22' N 140°01' W_. ._ 3/11 09Ifl 1,282
7n-I30 . •• _
140-200 .. __ .__ 302

7 0-00 06°28,5' N 139°06' W_________ 3/11 2113 1,407
70-130 •__ ._.________________ I.:106
0 •••• .______ 2225 1,974

8 (1-1)0 05°10' N 139°51' W_________ 3/12 0917 1,283
711-130 ._. . ________ 1,890
140-200 • • _ ________ ___ _____ ____ I, 247

9 (1-60 04°06' N .. 140°00' W_________ 3/12 2200 2,342
7(1-130 • •. 1,(;27
140-200 • .. • 202

See footllotes at end of table.
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TARLE 7.-Lar1'(l1 tuna coll~cled 011 Hugh M. Smith anise ,5;'1 ill cqltutori(l[ lI'uters-Continued

8t.ation No.
A lJproximn.t",(I
(Ippth (,r tow

(l1l1'ters)
Latit.ude

Position

Longitude

Time
startt~(1

1+111)

Watl'r
strained

On3)

Xumbl'r llC fi~h in AAmplt~

Skip· Yellow- Frignl-,' LTni<l~n-

Jack fin lIIack- tifl~d Total
"rel

1.0 _

11 • __

12 _

13 . _. _

14 _

15 _

If> • __

Ii _

18 _

lY .. __

20 _

21 . _

22 _

23 _

24 _

2G _

Q-..1 ._----------

28 _

11-';0 112"45' N 1411°0,' W_________ 3/13 0934 1,588
70-130_____________ 94.>
140-2()('____________ 1.442
0-011 1lI°48' N. 140°13' W 3/13 2117 1.311i
,0-1311 --__________________ 1.155
140-2no .___ I. 3M
0 . .___ 2228 1.953
1)-4">1.1 00°2(1' N 140°00.;- W 3/14 0!I2S 1. ..5
70-130 . - .. 103
140-200 .. .____ 2.1139
0-1\11 ()(10 40'8 140°0;' W_________ 3/14 2115 1.435
70-130_____________ 811
140-200____________ 2.1,5
0__________________ 2219 2.3511
0-1\11 01°58' S 139°40' W_________ 3/15 0924 1.3nl
70-130_. . 1.5411
140-200____________ 2.1132
0-1\11 (I3'I'K)'S 139°54' W 3/15 2112 I. ,8n
,0-130_____________ l.on2
140-200 .______ 8
(, -------------------- -------------.-. • :?;!::!U :!.394.
o-r.o O·jOIl3' S 140°0,' W .. _ 3/1'; 08-18 1.848
,11-1311 .______ 1.012
140-2011 .____ ,56
(H)() 05°(13' S 140'16' W 3/16 194~ I. 5-"3
,0-1311 . .____________ 1,1182
14n-2ttU. .. . __ . . 1;28
0__________________ 2fI~ 2,6r-.a
1I-1lI!.. 011°11' N 139°.53' W__________ 3/18' 2134 4.,1)1;
,0-1311 ._______ 2.:lr>t
140-200____________ 4,983
o-21lO______________ 2245 l,n33
o-6IL 00°00' N 139'-37' W .. 3/19 1041 I, ,53
,"-130 .__________ 1,382
140-21)1) .__ 2,598
O-W 00°00.6' N 139-'25.4' W________ 3/1(1 2118 2.1'>13
70-130 ••• 1,1)18
140-200____________ 2. ,91i
0-201) ._______________ 223.5 1.914
fl-GC) 01°0;' N. 140"07' \V ~___ 3/2U 2125 2.3i"5
,0-130 .___ 542
140-200 . _
0-200______________ 2238 2,519
O-GO 01°0r..4' N 140°03.8' W________ 3/21 11941 1,830
70-130 . . _
140-200 .___ 1,053
332-12, . 01°05' N . 140°1'13' W 3/21 1048 1.4t1l
0-60 . OFOr.' N 140°115' W ._____ 3/22 0024 2.114
70-130 ._______ ,34
140-200____________ 1.185
812-355 ._____________ 10311 1.353
0-1\11 __ . 01°06.2' N 140°10' W 3/22 2125 1,506
70-130_____________ I. ,31
140-200 ,______________ I. 5-~3

0-60.. 01°09.2' N 140°311.4' W________ 3/23 2121 1.046
,0-130 ._______ 86,
140-200 ... _ 1.0;3
0__________________ 2314 2,934
0-200______________ 2239 2.41,1,
O-W 01°11.,' N 140°32.9' W________ 3/24 10.55 2,055
,'}-I30 . ._________________ I.O~O

140-200____________ 2,310
0-00 (11°13.0' N 1411°35.4' W________ 3/24 2122 2,558

hri~:::::::::::: ::::::::::::::;::::: ::::::::::::::::::::1:::::::: ::::~~::::I ::!H

0 II 0
0 11 0
II II II
II II I)

II 0 1I
n n I)
II 0 0
5 0 0
II II 11
II II II
II II 0
II II II
II II I)
II II I
II 3 I)
II II I)
0 1I 0
0 0 0
II II 0
II (I I)
I) Q 0
I 4 0
I) II 0
0 IJ 0

64 5 4
1 n 0
0 n 0

39 5 1
0 II 0
4 II 0
0 I) (I
II 1 I)

0 II 0
0 0 0
II II II
0 1 0
n II 0
I 0 I)

0 II tl
U II (I

0 0 0
0 0 I)
0 II I)

0 II II
0 (I 0
0 0 0
I) 0 0
1 0 0
0 I) II
n I) I)
II II (I
1 0

"3 I) 0
I) 11 0
0 3 0
0 I) I)
0 I) I)
1 II I
3 II I)

II 1 Q

II II II
II II II
3 II II
0 II II
0 II II
2 1 II

---- ----
II II
I) II
0 II
0 II
0 II
0 n
0 II
II
II n
II 0
II II
II 0
II 0
0 I
II 3
II (I
II II
II II
II II
0 n
II Q

II 5
0 n
0 0
0 ia
0 I
I) 0
0 45
0 0
1 .~

II 11
0 1
I) 0
0 0
I) 0
0 1
I) 0
0 I
0 I)
IJ II
I) I)
I) 0
0 II
0 II
0 II
0 II
0 II
I) 1
II II
IJ II
I) II
II. 1
I) 3
0 IJ
II :l
0 II
II (I
II 2
II 3
II 3
IJ n
II II
1I 3
II II
0 0
I) 3

"I N E:'t.s camt'. ill open.
~ E~t.im;)terl.
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TABLE 8.--Larl'altu.na collected 011 Hugh M. Smit.h cru/:se 38 in equatorial waters and Ilear French Oceania

253

S""tion No.
Approximaw

depth or
tow i meters) Latitude

Position

Longitude

Daw
1957

Time
started

Wawr
st..aint~d

1.013)

-------- --------- -------- --------- ---- ------ ----- --- ---- ---- ---- ---- "7""----
2 _

5 _

8 _

11. _

14 _

16 _

19 _

23 _

45 _

4; . . __

49 _

51. .. _

M _

57 · • _

59 _

M _

f.tl _

68 _

75 _

79 __

82 _

85 _

0-200 nOo02'N 124°M'W________ 1/22 20001'+8)
1)-{1(l . _
0 00002'N 124°M'W 2042
0._______________ 2110
0-200 00013'N 121°4WW________ 1/23 2000
lH30 _
0 00012'N 121°44'W 2050
0 - - - - ____ __________________ __________________ 2119
0-200 ouol3'N ______ 118°49'W __ __ 1/24 2005(+7)
0-,;0 . _
0 noo11'N 118°4t\'W 2050
0 ._________________ 2117
0-200 00008'S 115°32'W________ 1/25 2000
o-f>O . . _
0 00°06'8 115°30'W 2045
0._ . ._________________ 2111
0-200 oooOI'S 112°14'W________ 1/26 2005
0-611.. _
0 __ .. _, ooo03'S 112°14'W________ 2050
0 .__ 2116
0-2uO 01°23'8 1100 0WW_____ 1/27 2000
0-60 . . _
0 __ • 01°23'8 1100 04'W_____ 2040
0 . . 2110
11-2(1() . 04°43'8___ __ __ ___ 109°45'W __ 1/28 2015
(.-60 . _
0 __ . 04°45'8_ ____ __ __ _ 109°H'W . 2055
0 . 2121
0-2(1() - 07°53'8__ ___ _ 1100 04'W . 1/29 2005
11-60 _
iL. 07°5N8 110002'W 2055
0________________ 2122
0-200 02°58'8 129°55'W________ 2/'A~ 2000(+9)
0-60_ ____________ . _
0 03°00'8 129°52'W 2100
0 ----______________ 212~

0-2(I() 06°32'8 130004'W________ 2/26 2120
0-60 . _
0 06°33'8 13000I'W 2210
0 - 2235
0-200 10°00'8 130000'W________ 2/27 2115

g~~:::::::::: :::io'oii'8::::::: ::: -i29'58;"':::::::: :::::::: --22Oii- ----
3:200: ::::::: :::: i3027'8:::::::::: -i:io.i(ii;',':::::::: ---"2j2iJ- mz0-110 , _
0 13°30'S 1300u0'W 2215
0 . 2240
0-200 16'·30'8 130oW'W________ 3/1 20110
(1-611.. . _
0_ ___ ____ 16°35'8__ ____ _ 1300 04'W __ ______ ____ _ 2OS0
0 ._______________ 2115
0-2(·,0________ ____ 18°03'8__ ___ 131°53'W __ ______ 3/2 2()4n
0-60 . . _
0 )8°01'8 131°M'W 2120
0 .____________ 2145
0-20U_ _______ 17°5O'S__ _____ 135°06'W __ ______ 3/3 2000
(1-611. _
0 17°48'8 135°06'W________ 2035
0 --.-______________ 2100
0-200 17°06'8 140°:!8'W________ 3/5 2030
0-110 . _
0 17°55'S 140025'W 2115
0 .. 2139
0-200 17°55'8 142°28'W________ 3/6 2030(+101
0-60 . . _
0 17°56'S 142°35'W 2115
0 • 2140

O-~------------ 1~01l3'S 145°30'W________ 3/7 2000
Q-<\(l------------- --.--------------- ------------------ -------- ------------0 l~on2'S 145°31'W 2040
0 . 21115
0-200 11°18'S 145°02''''________ 3/15 2020

Q-I1(l- - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --0 11°18'8 144°W'W________ 21115
0 21311
0-200 08°12'S 145DI2'W________ 3/16 :!O2()
O-fl(l _
0 0~°1)9'S__ _ ___ _ 145012'W • ____ _ 2103
0 : 2129
0-200 o..~oOO'S 145°00'W________ 3/1; 2100
0-60 . _
0 05°01'8 144°57'W 2147
0. . __ ._. . . . . 2212
0-200_ __ 02°04'S___ _______ 144°56'W __ ___ 3/18 2020
O-6IJ _

g::: :::::::: ::::: _~2~~6:~: :"::::::: _1~4~~:~~:::::::r::::::I ~t~1

1, 490
619

1,939
1.892
1, 697

984
2,614
2.214
I. 925

913
2.168
2.101
2.975

569
1.944
I. 877
2.707

615
I. 772
1.829
1, 893

615
1.8%
1,680
1, 7112

849
1.578
1.518
2.370

621
1,535
I.H9
2.465

81.'>0
1.814
1,723
2.277

781
1,7&0
1, 706
2.5M

767
1, 001
1,592
2,726

925
1, SI5
1, 724
.) R"f'j-. 884
1,473
1.481
2.1126

645
1.511
1, 521
1, 404

462
1,180
1.188
1.967

625
1.391
1, 5119
2.1161
1, 022
1.570
1,622
2,184

968
1,682
1, 705
1,930

557
1,515
1,20\1
2.478

955
1.642
1.5'.19
2,932
1, 11111
1.785
1, 678
2.327

93';
1,445
1, 451

o
o
u
o
o
o
I.)

o
o
o
o
11
II
o
o
o
o
o
o
o
o
o

glo
o.
o
o
3
2
3

13
:l
2
I
l)

3
o

10
4
o
3
o
I
o
I
IJ
o
o
3
o
o
o
o
o
o
o
3
8t,
I
3
o
o
o
o
o
I
o
o
o
o
3
o
o
o
q

4
14
3
q

10
54
60
3

10
7
9

o
o
o
o
o
o
o
o
o
o
u
o
o
o
o
o
o
I)

(I

o
o
o
o
o
o
l)
l)

o
o
I
o
o
3
o
o
o
I
2
I
o
o
o
o
I
o
I
o
o
o
I
4
I
I
2
7

47
I
o
5

15
I
3
2

3
o
o
o
o
o
I
I
2

I
4
2
n
I
8
I
I
2
2

o
l)

o
o
o
o
o
o
o
o
(I

o
o
o
o
o
o
o
o
o
o
u
I)

u
I.)

o
o
o
o
u
o
o
.0
o
o
o
o
o
o
o
o
o
o
o
o
n
I)
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
I
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
1
o
I
o
l)

o
o
o
o
o
o
o
o
o
o
u
o
I)
I.)

o
o
o
o
o
o
o
u
o
o
o
(I

o
o
o
o
o
I.)

o
o
11
o
o
o
o
o
o
n
o
u
I
n
11
n
o
o
o
o
(I

o
o
I)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
5
5
o
o
I
o
o
o
o
o
o
o
o
o
o
o
o
o
o
U
II
o
o
o
o
o
o
I
o
o
o
o
o
o
o
l)
o
o
o
o
o
n
o
o
o
o
1.1
II
1.\
o
n
1.1
U
o
o
I

01o

o
o
o
o
o
o
o
o
o
o
I)

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
3
3
9

18
6
2
2
o
4
2

11
4
o
3
o
2
o
2
o
o
o
4
4
I
I
2
;

47
I
4

13
21

q

I
I
2
3
I
o
o
o
o
4
I
2
2
3
8

16
4
3

18
56
61
5

13
10
13
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TABI,E 9.- Larz'altlma collec/.ed on Charles H. Gilbt'rt {Tltise 30 in Freneh Oceania

[All tows were ,\t the surf,u'(\ and 01 a half-hour's dumtiouj

Station No.

Latitude

Positiou

Longitude

DalP
195fi

Time
started

(+9)

Wakr
strainl'd

l1l13)

Number of fish in sample

Skip- Ydlow- Frigato Little Un
jark fin mark- tunny idon-

eml tilled
Total

-----1----1---------------
0 0 0 0 0 0
0 1 0 0 0 1
0 1 0 II 0 1
0 0 3 0 0 3
0 I) 1 1 0 2
I) 0 1 0 I) 1
0 0 0 0 (1 0
0 0 0 0 0 0
0 0 0 0 0 0
I) I) 0 0 I) 11
0 0 0 0 0 0
0 0 0 0 1 1
0 0 0 0 1 1
0 0 0 0 1 1
0 0 0 0 2 2
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 I)
I) 0 1 I) I) 1
0 0 0 0 0 0
g I 0 0 0 0 0

I) 0 I) 0 0
0 0 I) 0 11 0
0 0 0 0 (1 (1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 0 II 0 1
0 2 0 0 I) 2
2 0 I) 0 0 2
1 0 0 0 0 1
I) 0 0 0 0 0
0 1 0 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 I)
0 0 I) 0 0 0
0 11 0 I) I) 11
0 0 0 0 0 II
1 I) 0 0 0 1
0 II 0 I) 0 I)
0 0 0 I) 0 0
2 0 0 2 0 4
0 0 0 I) 0 0
1 11 0 0 0 1
I) 0 I) I) 0 0

17 0 0 I) 11 17
13 I) 0 0 1 14
25 0 0 I) 1 26
11 0 0 0 2 13
0 0 0 0 1 1

0 0 0 0 2
" 0 0 I) 2 4
1 I) 0 I) I) 1
1 0 0 0 11 1
n 0 0 I) 0 I)

1 1 11 I) 0
0 II n 0 0 0
I) 0 (J 0 0 0
I) II II 0 (1 0
0 II 0 11 (J 0
I) 11 (J 0 0 (1

0 II II 0 II 0
0 11 0 0 0 11
0 il 11 0 0 0
I)

~I
II 11 11 I)

0 II 0 0 0
0 0 n 0 11
0 I) I) I l) 11
0 II 0 II n n
0 0 I) II II II
0 I) II II I) 11
1 0 11 0 11 1
4 I) II 0 1 5
4 0 I) II II 4
2 0 0 I) I) ?

0 l) I) II 1 1
1 0 II (I II 1
0 0 II I) II II
0 II I) 0 (I I)
I) 0 0 l) 0 I)

0 11 0 0 0 0

I. 804
1, 774
1,570
1, 597
1, 571
1,533
I. 872
I. 572
1,309
1,548
1,555
1,541
1, 562
1.088
I. 373
I. 321)
1, 670
1, 567
1,548
1,610
1,597
1.6i~
1, 409
1.392
1,410
1,413
1.452
I. 775
1,732
I. 563
I. 552
1,070
1,672
1.649
1.271
1.249
I. 741
1,705
1,627
1.776
1.726
1,891
1,843
I, i55

2034

0747
1954

0746
1958

:::::::::::::::::::::::: :::::::::::::::::::::::: :::::::: ----203S----

:: :::::: :::::::::::::::: ::::::::::::::::::::: ::: :::::::: --. -2(lil5--'-

:::::::::::::::::::::::: :::::::::::::::::::::::: :::::::: ----2040----

:::::::::::::::::::::::: :::::::::::::::::::::::: :::::::: ----ililil----

22 -120ISi8::::::::: ::::::: -iililoISi,,;:::::: :::::::: ---Si27- --- -0749- ---
23 __ . . 12°1)2.5'8 133°33.5'\\' . __ ._____ 2001

35 . -iu02si8: ::::::::::::::: -iililo:i.~;'v:::::::::::::: '--iliil-- --- -iI7M--'-
36 . 10°00'8 139°41'W . __ .___ 1959

~'034

26 - I,i:iiis::::::: :::: ::::: -135;il8:5'\\':_-_-...:::::::: ---Si29- ----O8tio:,- ---
27 . . 111°17'8_. . __ . 135°52'W ._____ 1955

20 . -i;j°a,j;8::::::: :::: ::::: -i:i20is'-5'\\,_-_-_-_::::: :::: -- -Si26- --. -07.j9---- ------I:697-
21. .. . 13°112.5'S. . 132°31'W .. 21.V)2 1.5-10

-----------------.------ . .. .__ 1.533
-.------.--------------- . . 2040 1,687

1,034
1,418
1.67;
1.501
1,615
1,587

tf~:~
1,040
1,5-15
1,4511
1.7IJI;
1,151
1,107
1 3?"1: 474
1,562
1,505
1, 402
1.306
1,216
1,747
2,021
1.682
1,81itj
1,826
1.521
1, 380
1,457
1.450
1,188
1,325
1,281

24 . li°;j3i8: ::::::::: :::::: -iil40ilil;,,,:::::::::::::: ---gi2S- -- --0742--'-
25..______ __ ___ __ _ 11'·09.5'8_______ __ _____ _ 134°45.5'W . ._ 2002

33 ._ ___ ___ __ -os;,'.ti8::::::::: ::::::: -iil9;;0~;'\;:::::::::::::: ---i/2-- ----0750- ---
34 . 1)9'12'8 . 139°12'W______________ 2fJ05

2041

2039

2037

4__ ._. • -00°5.j'8: :::::::: ::::::: -i:i2°22;'":::::::::::::: --- sils- --- -0752- ---
5 01°29'8 132°03'W .___ 2003

6.... -0:i°.j.ji8:::_·_-_-.:::::::::: -i:ii°.j:ii,,,::: ::::::::::: -- Sil9- -- --07.j,j -- --
7 03°08'S ._ 131°35'W______________ 1959

16... __ . -io05i;8:: :::::::::: :::: -lil2°oo;,\'::: ::::: :::::: ---si2.j- ----0740- ---
17. ._. __ . l1°W'S 131°00'W . 1957

:::::::::::::::::::::::: :::::::::::::::::::::::: :::::::: ·-·-2035----
18 -12°i2:S.-S_-_-_-_: :::::::::: -lil2°0S;'''::::: :::: ::::: ---si25- .---07,'.0----
19 . 12°31'8 __ . . . 132°04'W______________ 19,16

---- • ._______ 21)33

14 . . -OOo~2i8: ::::::::::::: :.: -iil20oil:s"';:_-_-_-_:::::::: ---si2il-
15 . 09°48'S __ . . .___ 132°07'W _

:::8 . -WQ36~5':.;_-_-_-_~~: ~ ::::::: .j31~~4f,;\v:::::::::::::: ---8i3t)- ----0801 ----
29 09°21,5'8. . 137°01'W :__ 2000

30 .. -0804:ii8:::::::::::::::: -i:i7°52i,,,:::::::::::::: .-- si3i- --. -08.i2--..
:U . 07°32'8 . . I38°1)4'\V ._______ WI U756
32 . . _ 07°39'8_ _ __ 138°Sfj'W . _.__ _____ __ ______ 1957

8 . -()4°25:S'8_-.·_·_::::::::::: -iillOil9;'\':::: :::::::::: --- si2O- ----0746----
9 . 04°49'S_: __ ____ 131°48.5'W _.______ _ ___ 2000

::::::::::::::::::::::: :::::::::::::::::::::::: :::::::: ----2Oils·---

L . 0l024.5'N 133°49'W .__ _ 8/16 0959
2_ •• ooo24.5'N 133°09'W______________ 8/17 07511
3 ._. oooOI'S 133°02'W______________ 2000

12 . ___ _____ ______ __,i7°il2;8:::::::::::::::: -lil2005;\';::::::: ::::::: --- si22- ----0754- ---
13_____ ______ ___________ n8°01,5'S • _______ 132°n3'W . . _ 1957

:: :::::::::: :::::::: :::: :::::::: :::::::::::::::: ::::: ::: --- -2Oil5 -- --

10____ _____ __ _____ __ _ oi,ooi:s'8~_-_::::: ::::::: -1:i2°i7;\\;:::::::::::::: .-- si:il'
11_____ ____ _______ ___ 06°19.5'S . _______ 132°111'W _
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TA B"~; 1lI.--Lc/I'llalllwcl collected 011 Charl,,~ H. Gilb~rt crui",e 32 in French Oceallill; all lows were (II Ihe !iw"face Clnd of a,
half-hour's eluration '

St.OlI.ion :>;'l.

Position

Latitude I.ongitlld~

Date
195i

Time
started
(+10)

Water
~trainNl

l,m3)

Number of fish in sample

Skip- \"1'1- Frigate Little Un-
jack lowfin mack- tunn)' idcnti- Total

ert..'1 fil'd
-----.....-----------------------------------------------------
53 _____________________ 14°5,' S _______________ 14ijo20' W _____________

2/19 193i 1,400 :«1 15 0 2 0 5354- ____________________ 14°};.5' S_ - --------- -- 145°31.5' "._---------- 2/20 0347 1, lllli 11 5, 0 0 2 1855 _____________________
1~o48.5' S_ -- -- -------- 143°55'

W _____________
2/20 1~41 1,834 0 1 0 II 0 1M _____ . _______________

1~o05'
S _______________ 143°on.5'

W ___________
2/21 0346 I. i3S 5 I 0 0 0 ij

5i _____________________ 10°39'
S _______________ 141°33'

W _____________
2/21 1933 1, i60 4 4 0 0 0 858 _____________________ 01:'°55.5' S_ - ----------- 141°03'

W __________ . __ 2/'n 0345 1,842 Ii 2 0 0 0 1966 ______ . ______________ Oy022.5' S_ 13y037' W _____ • _______
2t~i 1931\ I. 46i 6 0 0 0 0 671. __ . _________________ 08°57' S ___ ~::::::::::: 13yOM' W ______ . ______ 3/2 2121 l,or18 1 8 2 0 0 11

TABU; I' ,-Lllrl'alluna collected on Charles H. Gilbert. crlli",e 34 in Halc'aiian walers

(All tows were of a half-hollr's duration]

Position Number of fish in sample
Approximate ------------------ Time. Water ------------------------Station :>;0. depth of tow Date sttl..~d st.rained

I meters) 195i \+10) 1m3) Skip· Yel- Frigate Little Un-
North latitud~ West longitude jack lowlln mac.i- tunny identi- Tohll

erel lied
---------- --------- --------- --------- --- ------------ ---- ---_. ---- ---- ----
1. ___________________ 0-60_____________ 21°10' ______ . ____ 158°19' __________ 6/21 1240 1,538 (I 6 0 0 0 63____________________ 0-60_____________ :.no09' _---------- 158°19' __________ --- --- -- 1500 1,189 0 0 0 0 0 Il4____________________ 0-60______ • ______ 21°12.5'_ -------- 158°21' - --------- --- ----- 1742 1,644 2 4 0 0 0 60________________

21°11.5'. _------- 158°20.5' ________ --- ----- 1813 1,282 I) 4 0 0 0 4
11_ .. _____ • ______ • 21°10.5'_. _______ 158°20'_ --------- -- ------ 1840 1,377 0 1 0 0 0 10________________ 21°10' ___________ 158°19.5' __ ------ --. ----- 19O\J 1,504 0 0 0 0 0 0
0________ .. ______ 21°tl9'_~ _________ 158°19' __________ --- ----- 1942 2,061 0 0 0 0 I) I)
0 ______________ ..

21°10.5' ~ -------- 158°20'_ --------- -------- 2015 2,156 1 3 0 0 I) 4O. _______________ 21°12'_. __ . ______ 158°20.5' ________ --- ----- 2049 1, MO 1 1 I) 0 0 2
0-60_____________

21°11.0' ~ -~------ 158°20' __________
---6122- 2121 1,616 0 0 0 0 0 0

6•• __________________ 0-60. ____________ 21°11' ___________ 158°19' __________ 0013 1,742 1 0 0 0 0 I7____________________ 0-60. ____________ 21°11.5'_ .------- 158°21' __________ ---- ---- 0300 1,681 1 0 0 II II 18____________________ 0-00. ____________ 21°10'. __________ 158°19.5'_ - ------ -------- 0622 1,933 2 0 0 0 0 29_______________ .. ____ 0-60. ____________
21°10.8'_ -------- 158°19.5' __ ------ -------- 0906 I, il9 3 0 0 I) 0 311. __________________ 0-00. ____________ 21°10' ___________ 158°18'_. ________ ---- -- -- 11M 1,3il 1 I 0 Il 0 212___________________ 0-00. ____________ 21°12' ___________ 158°20.5'_ ------- -------- 1459 1,663 0 0 0 II 0 013___________________ 0-00. ____________ 21°11.5' _______ -- 158°19' __________ -- ----.- 1i43 1,553 1 0 0 0 0 10________________ 21°11' ___________

158°18.5'_ "------ -- ---- -- 1814 1,426 0 11 0 0 0 110 _______________ . 21°11' ___________ 158°1i.5' __ ------ -------- 1844 1,665 1 3 0 1 0 50________________
21°10.5'_ -------- 158°17'_ -----.--- -------- 1914 1,593 0 I) 0 u u 0

0 ________ ._. _____ 21°10.5' __ ._----- 158°H\' ---------- ------ -- 1945 1, 8iO 0 1 0 II I) 10________________ 21°11' ___________ 158°16.5'_ ------- -- ---- -- 2015 2,060 6 4 0 0 I 110 ___________ '_____
21°11.3'_ -------- 158°18.4' - ------- -- ---- -- 2045 2.4M 2 1 I) 0 0 3

0-60_____________ 21°11' ___ . _______ 158°20.7'_ ------- 2121 1, 616 2 " U I) 0 4
15______________ . ~ ___ 0-60_____________

21°10.6'_ - ------- 158°19.5'_ "------ -- -6;23" 0001 1.724 7 0 I) II 0 i16__________________ 0-60_____________
21°11,3'_ -------- 158°20.6'_ ------- -------- 0259 1,485 4 1 0 0 0 5

17___________________ 0-00_____________ 21°10' ___________ 158°20' __________ -------- 0603 1,543 II 0 0 0 11 II
18_________ : _________ 0-60_____________ 21°10.5' __ ------- 158°19,8' __ ------ -------- 0859 1,412 II 0 0 0 0 2
21 ________________ . __ 0-00_____________ 20°56' ___ . _______ 15;°50' _~ ________ -- -- ---- 1652 1, 21i3 1 0 II 0 II 1
22___________________ 0-60_____ .. ______ 21 °10' ___________ 15;°50'. _________ - - ---~ -- 1902 1,412 1 1 0 II I 324 ___________________ 0-00_____________ 21°25' ~ _________ ~ 157°21' __________ 2305 1.3M 4 0 41 1 0 46
26___________________ 0-60_____________ ~!1°37' _~ _________ 157°46.5' __ ------ -- -6;ii- 0324 1,618 5 0 8 0 0 13
2i___________________ 0-60_____________ 21°09' ____ . ______ 15i045' .--------- - - ------ 0621 1,5iO 1 4 2 0 0 i28___________________ 0-60_____________ 22°20' _________ ._ 157°46' __________ ------.- 0930 1,645 1 0 0 0 0 1
32___________________ 0-00____ .. _______

21°47' - --------_. 158°13' __________ - - - -.. -- 1642 1,325 U 0 0 0 0 2
36___________________ 0-60______ . ______ 21°24.5' .. -------- 159°00'. _________ 2337 1,385 U 6 f> I II 12
37___________________ 0-60_____________

21°24.5'_ ------.- 158°40'. _________ --- 6;25- 0228 1,621 9 8 0 (I 0 Ii38___________________ 0-60_____________ 21°25' ___________
158°17' - --------- 0526 1,566 1 4 1r, II 0 21

64___________________ 0 ________________
20°43.8' - - -- - ----

156°,58' __________ ---i';ii- 1924 2.496 0 4 ;7 '0 0 81
65___________________ 0 ________________ 20°42.9' _________ 156°56.5'_ ------- ---- ---- 2059 2.230 2 10 2S4 II 7 303
66A _________________ 1"1 ________________

20°42.1' ~ -------- 156°55.1'_ ------- ----- --- 2301 2. 400 I) 5 140 11 1 14666B _________________ 0________________
20°42.1' ~ - ---_._- 151\°55.1' .. ------- 2337 2,864 0 8 173 0 0 181Ii7___________________ 0 ________________ 20°42.0' • ________ 156°53,0' ________ ---i';i2- 0100 2,312 0 5 !hi 0 0 101

r>8___________________ 0 ________________
2(1°42.0'. -------- 156°51.9'_ -_._--- - - --- --- 031)0 2,343 1 4 65 0 0 70

69___________________ 0.. ______________
2(1°40.7'_ -------- 156°50.6' ________

-------- 0501 I, i86 4 24 210 1'1 II 238
il.____________ .. ____ 0-60_____________

20°43.8' • - -- -- --- 156°55.4'_ "------ -------- 2001 1,215 0 4 43 II U 4i
i2___________________ 0 ________________

20°42.8'_ --.----- 156°55.5'_ ------- _._----- 2046 2,339 1 22 1.55i 11 0 1,5Sll
i3___________________ 0-60_____________

20°42.2'_ ---- ---- 156°55.5' __ ------ -------- 22(11 1.626 4 36 186 0 1 227
i4A _________________ 0______ ---------- 2t),:'42.2' __ ~ ______ 156°55,6' __ ------ -------- 2'J33 2,3iO 0 11 182 0 II W374B _________________ 1'1 ________________

2(1°42.1'_ - ._----- 156°56,6'_ .. ------ 2306 2,295 4 59 234 II 0 2\'775___________________ 0-60. ____________ 2(1°42.4'_ - ._----- 156°58.5' __ ------ ---i';i2- 2349 I, iM 9 11 11 I) 4 :!5
i6_____________ • _____ 0-60. ____________

20°44.2'_ - -.----- 156°58.3' __ ------ 7/13 0035 1,587 6 Ii 138 0 0 161
77_________________ ._ o-6IJ. ____________ 20°47.2' _ ~ __ . ____ 157°01.0'_ - ------ ------- - 0133 1,434 3 10 36 II 0 49
i8_____ ... ___________ 0-00_____________ 20°47.1' __ • ____ -- 157°02.0' __ ------ -------- 0'n1 1,646 11 21 65 0 0 07
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