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ABSTRACT

Spawning of skipjack tuna (Katsu",onus pelamis) in
the Marquesas and Tuamotu areas was investi~atedby
examining ova from 402 pairs of ovaries collected during
exploratory fishing cruises. Au~ust 1956 to June 1958.
Investigated were size at first spawning, spawning
season, frequency of spawnin~, fecundity, use of the
~onad index as a measure of maturity of skipjack. and
the relation of stage of sexual development to schoolin~

behavior.
The len~th at first spawnin~ of skipjack in the two

From 1956 to 1959 the staff of the Bureau of
Commercial Fisheries Biological Laboratory at
Honolulu investigated the t.una resources of wat,ers
of Frenc.h Ocel\ni:t around the "Marqnesas Islands
and t.he Tuumot.u Archipelago. A st.udy of the
spawning of the skipjaek tuna, [(afs"U'll'onus
pdmnis (Linnneus), which nppears to be the most
abundan t snrface-sehooling species of tuna in
this tuen, wns induded in the investigations.

This study is based on the systematic miero
scopic. examillt\tion and measurement of the ova
in skipjnc.k oVltries, generally following the method
desc.rihed by Clark (1934). Skipjack spawning
studies, bt\sed genernlly on the examinntion of
gonads or on the capt,nre of larvue and juveniles,
have been nu\de in many different are-u.s of the
Pacifie. On the bnsis of the exuminntioll of
gonads, Matsui (1942) inferred that skipjack
may spawn throughout the year in the vicinity
of' Pu.lau; IVlarr (948) concluded thnt spt\wning
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areas was found to be about 43 em., although a few fish
as lar~e as 50.7 em. apparently were not yet ready to
spawn. Spawnin~ activity reached a peak duril1~

November-April. The data indicate a possibility that
individual skipjack may spawn more than once during
a season. Number of ova extruded per spawnin~ was
estimated at 0.1 to 2 million. The gonad index could
not be used as a measure of sexual development. Skip
jack schools tended to have fish in a similar sta~e of
sexual development.

occurs 111 the northern Marshall Islands, ttnd
confirmed this by the capture of two juveniles;
Y nbe (1954) and Yao (1955) found evidence of
spawning in the sout.hern wat.ers of Japan; Brock
(1954) postubted that they sp~tWIl in HMVltii from
late February, March, or April to the first. part.
(If September; Schaefer and Orange (1956) ttnd
Orange (1961) hypothesized that they spnwn in
the vicinity of the Revilht Gigedo Islnnds in the
enst,ern Pacific; and "Wade (1950n) found evidence
of their spawning in Philippine Wttt.ers.

By virtue of the capture of lltrvlte twd juveniles,
Schaefer fLlld lVIarr (1948) demonst.rated the
existence of 0, spawning ground off Centr:tl
America; Wade 0950b and 1951) found further
evidence that. skipjaek spawn in Philippine waters;
Shi1l1adtt (1\)51) deduced thttt spawning OCCUl"S

around the Phoenix Islands; and l\-1atsumot.o
(1958) showed thttt. they sp:twn in a wide area in
t.he centrul Paeific Ocean. The present study
dernonst.mt.es t.he exist.ence of yet. another spttwn
ing loealit.y in t.he Pndfic.
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COLLECTION OF OVARIES

MATERIALS AND METHOD

Flr:;VRE l.-Locatiolls where skipjack ovaries used in this
study were collected.

t,ion of the longline fishing method was given by
Mann (1955).

The ovaries were preserved in about 10 percent
formalin. At the time of collection a record was
made of the date, locality, method of fishing, and
the fork length of the fish.

EXAMINATION OF OVARIES

Several investigators made detiLiled studies of
t.he distribution of mature ova within ovaries:
June (1953) for yellowfin (Thu'll:nw; a.lba.ca'l'e8);
Yuen (1955) for bigeye (ThI61l-Iw.8 obes'/(.s); and
C>t.su and Uchidn (1959) for albacore (Thunnus
a]ahl,nga,). All showed that a representative
sample of ova could be, obtained anywhere along
t.he length of an ovary 01' from either mem bel' of a
pair.

Similnl'ly, lUl annlysis of \rariance of the mean
size of Hlature ova within a skipjack ovary indi
cat.ed that they were homogeneously distribut.ed.
Therefore, t.he following sampling method was
ndopted for t.his study. The formalin-preserved
ovaries were weighed after excess moisture and
tissue had been removed. A cross-section about.
}~-inch thick was taken, usually from t,he middle
of the right ovary, from which n wedge-shaped
(triangular) sample was cut. In many instlUlce.s
it wns not possible to distinguish l,he right ovary
from the left. In these instances the smaller of
t.he pair was selected for eXlllllinl1.t.ion; it appeared
thiLt the right. ovn.ry was usunlly the sUHlller of the
two. I nssumed t.hnt. the distribut.ion of ova
wit.hin t.he right, and left. ovaries is similnr, as has
been report.ed for the t,una cit.ed above.

The ova from the triangular seetion were teased
apnrt. in a shallow dish and measured in a Sedg
wiek-Rafter counting ehamber. Measurements
were made with an oeular micrometer having a
magnificntion of 0.016 nUll. per micrometer divi
sion. Sinee t.he ova. were not perfectly sphericnl,
the diameter whieh was measured was the random
dil1Jlleter t,hat fell pUl'i111el to t.he lines in t.he
count.ing chamber.

At. the outset of the study, 300 randomly
selected ova, 10 mierometer divisions (0.16 nun.)
or larger, were mensured from each ovary ill order
t,o dmmderize the size of ova at, t.he different.
developmental stages. Sinee this required a great
amount of t,ime, and sillee t.he det,erminat,ions of
the st.llge of development of t.he. ovaries were
based on the, most developed ova, the sample size
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This study is based on 402 pairs of ovaries col
lected on seven exploratory fishing cruises from
August 1956 through June 1958. The approxi
mate locales of collection are shown in figure 1.
Most of the ovaries were collec.ted from fish caught
at the surface by pole and line. This method of
fishing, as used in the Hawaiian skipjack fishery,
was described by June (1951).

Plans for all of the pole- and-line fishing eruises
called for sampling 2.') skipjack from each school
fished in order to obtain an estimate of their size
and sex composition. From the 25 fish thus
selected, the first 5 feumles pieked n.t random were
eut open nud their ovaries removed for exnmina
tiou. Skipjnek were caught by pole and line
from 92 schools during thL., st.udy, nnd ovnry
samples were seeured from fish from 81 of t,hese
schools. Lougline fishing and incidental trolling
provided the few renltlining samples. A descrip-
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was later redueed to a random sample of 25 of the
most developed group. Following Snedecor (1946,
p. 457), I l1,nal:rzed the data on ova size distribu
tions; my analysis showed that ~5 was an ndequl1,te
number t.o approximat.e the mean size.

DEVELOPMENTAL STAGES OF OVA

Four rather distinct developmentnl stages were
reeognized and designated as "early dev'eloping,"
"developing," "advaneed," and "ripe". The
ea.rly developing category includes ova which,
nt their most primitive, nppenr as simple trnns
parent cells present in all ovnries. The larger
ova in this stage contained a rell1,tively large
nucleus. The mean diameter of the early develop
ing ova ril.nged from 0.16 to 0.33 nUll. The ova
assigned to the developing stnge were completely
opaque beeause of the deposition of yolk granules.
Their menn dinmeter wns 0.37 to 0.66 mm.
The advnneed stn,ge eomprised ova that were
still relatively opa.que in appearanee and eon
tained a cluster of small oil droplets to ova thn,t
we.re semhranspnrent and had a well-developed,
bright yellow oil globule. The mean diameter of
these ova was 0.49 to 0.74 mm. The eolleetion
had no ripe ovaries; however, a sample of ova from
a running ripe skipjack caught on .January ~6,

1957, WltS Itvfiilable for examinntion. This skip
jack was eaught by pole and line at 9°33' S.,
139°55' W., about 10 miles so.utheast of the isla.nd
of Hua Pou in the Marquesns. Its ova. were used
in an unsuccessful attempt nt artificinl fertilizn,tion
and were preserved and brought, to the laboratory.
They are almost perfeetly spherical and tra.ns
pllrent, with a distinct straw-colored oil globule.
Fifty were measured. Their diameters w;re 0.85
to 1.12 mm., with a mean of 0.96 nUll. The oil
globule was about 0.14 nUll. in diameter.

The sizes of these ripe ova are simih1r to those
described by other investigl1tors. Brock (l954)
found ripe OVtl from 11 skipjllCk in Hawaii to
average 1.1~5 mm. in diameter. Ynbe (1954)
measured some ova from n ripe skipjack caught in
the southern waters of .JaP1Ul and found .that
they were O.SO to 1.17 mm. in diamet,er, averaging
1.00 nUll.

DEGREE OF MATURITY

Skipjack were classified according to the stage
of development of the most developed group of
ovn: the nomenclature used was the same ns

for the stages of OVI1 development.. Throughout
this report, unless otherwise stated, the designa
tions early developing, developing, ndvlUlced,
nnd ripe will be used interchangeably to deseribe
a skipjack, its ovaries, and the most developed
ova eontained therein.

The early developing category included ova.ries
as sma.ll as 2 g., from 11 sexually imma.ture fish,
a.nd those (from adult fish) whieh were relatively
large but whieh eont,ained only early developing
and n few residm1l ova. This category nlso
included some ovaries eontl1ining ovn thnt ap
peared to 11lwe nttl1ined the developing stnge but,
had begun to degenerate. These ovn were
grayish, relatively soft, nnd easily broken.

TREATMENT OF DATA

Skipjack from the Marquesl1s and the Tuamotu
areas were considered together in aU aspeet,s of
this study, because I assumed tl1l1t they belonged
to the snme population or at lel1st were similar
physiologieally insofar as spawning WI1S concerned.
It would have been interesting to determine
whether skipjack from the two areas did indeed
hl1ve similar spnwning hll.bits; however, the
samples from the Tmunotus were too few to
treat that area. separat.ely. Of t.he 40:3 pilirs of
ovaries collected, 37:3 eame from around t.he
lV[arqueslls and 30 from the Tuamotus.

SIZE AT FIRST SPAWNING

The approximllte body length at, first spllwning
was determined by llrmnging the lengths and the
stage of development of all t,he skipjllCk used in
t,his study into 11 frequenc.y distribution (fig. 2).
The smallest skipj fi.ck mensured 39 em. This
fish had thin, ribbonlike ova.ries whieh weighed
2 g. nnd eontl1.ined only primitive OV11. Presum
ably it had never spawned. The ovaries of a few
fish. 43.7 to 50.7 em. long, were dassified as early
developing and also showed no positive evidence
of past. spawning. A greater number in thnt size
m.nge, however, had either developing or advllneed
ovaries. The smallest fish thl1t, hnd advaneed or
developing ovaries Wl1S 43 em. long. The few fish
more than 55 e111. long that. were dassified as enrly
developing eit,her showed evidenee of past spnwn
ing or at least of hnving at.t.nined II stl1ge of develop
ment past enrly developing. for their oVl1ries eon
tained residual or degenernting ova.

SKIPJA'CK SPAWNING IN MARQUESAS AND TUAMOTU AREAS
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SPAWNING SEASON

Hawaii, and in the southern waters of Japan all
seem to mature at about the same size, while in
certain areas in the eastern Pacific they attain a
larger size before reaching maturit,y.

It is interestiug that all samples from the
Marquesas and Tuamotus were composed pri
marily of adult fish. The Hawaiian summer skip
jack fishery also exploits mostly adult fish (Brock.
1954, fig. 1). In the eastern Pacific, if the size
frequency samples presented by Hennemuth
(1957) are typieal, the fishery depends on both
juvenile and adult fish. The Japanese skipjack
fishery probably exploits adult. as well as juvenile
fish (Yabe, 1954; Yao, 1955).
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It would be relatively simple to determine the
spawning season of skipjack if all the ovaries
ripened at the same time and if ripe fish were
readily taken. Small numbers then could be
examined to follow the development of ova to the
time of spawning. My data show, however, the
presence of a diversity of developmental stages in
anyone period; therefore, another method had to
be employed to define the spawning season.

The temporal distribution of skipjack possessing
ripe or advanced ovaries should give some indi
c.ation of the spawning season, the implication
being that these fish are act,ively spawning or very
clos; t,o spawning. The percentage distribution
of skipjack by month of capture nnd stage of
development is presented in figure 3. Only those
larger than t,he size at first spawning, and there
fore, presumably only ltdult fish, were used in this
analysis. All but one specimen in my collection

It was noted earlier that one skipjack with
running ripe ovaries had been caught. Unfor
tunately, the length of this specimen was not re
corded. However, a sample from the school from
which this fish was taken showed their size to
range from 45.6 to 56.9 cm., and in all likelihood
this specimen fell within this length range.

It seems from these observations that, although
some skipjack as large as 50.7 cm. were ap
parently not ready to spawn, those in the Mar
quesas-Tuamotu areas are capable of first spawn
ing when they are about 43 em. long.

The size at first spawning has been determined
for skipjack in other areas of the Pacific. Brock
(1954, p. 102), discussing skipjack in Hawaii,
st,ates, "The smallest fish that possessed maturing
ova during the spawning season were around 40 t,o
45 cm. long. Fish 35 to 40 cm. in length ~ad

ovaries that, with a few exceptions, seemed Im
mature." I~l the southern waters of Japan, Yabe
(1954) noted that no definite information was
available because of the scarcity of data, but that
the smallest skipjack in his samples with mature
ova was 46.8 cm. long. In the eastern Pacific,
Orange (1961) found the minimum size at first
spawning for skipjack around the Revilla Gigedo
Islands to be about 55 em., and around the Cocos
Island area about 40 cm.

From the above discussion it nppears that the
size at, first spawning may vary with locality.
Skipjack in the Marquesas and Tuamotus, in

FIGURE 2.-Skipjack length-frequency dist.ribution and
stage of development.
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were ineluded. As indicat.ed earlier, aside from
one running ripe fish, whic.h was caught iJ?- January
1957, no ripe skipjack were available during t.he
periods of sampling. Those in the advanced sLage
were found, however, in November, and .January
to April. This suggests that, their major spawning
season in this area is from about. November
t,hrough April.

The spawning season may be further defined by
det,ermining the temporal distribution of non
spawning; Le., early developing skipjack. It Wtts
noted earlier t.hat, some chtssified as early de
veloping possessed ovaries that eiLher (1) contnined
only early developing ova, n.side from n. few
residual ova from a pre,vious spl\wning, or (2)
contained ova that hll,d reached the developing
sLage but were apparently degenerl1Ling. These
observations suggest t.hat. during certain periods
of the year the ovaries ml1Y revert to a dormant
or early developing st.age. A few skipjl1ck cll1ssi
fied as early developing were found in November,
.Tanuary, and February; however, t,he greatest
numbers occurred in April and May, the months
in which fish in the advaneed stage were declining
in number or were t.otltIly absent. I assumed
that such a distribution of early d.eveloping and
advanced skipjack indiCttt.ed l1 de.crease in spawn
ing ac.tivit,y during these 2 months. Howeve,r,
the situation is probably more complex, since
skipjaek in all stages of developmenL were found
simultaneously, and fish with developing ovaries
were found in all months sampled. In all proba
bility, scattered spawning oceurs throughout the
year, but the peak activity is from November
through April (or, roughly, the Southern Hemi
sphere summer). The resuhs of a study of t.he
distribut,ion of skipjack 1l1rvae in this I1relt, de
scribed by Nakamura and Matsumoto,1 sub
stantiate this conclusion. The larvae were caught
in greater abundance contemporaneously with the
greatest numbers of fish with advaneed ovaries.

Skipjack spawning seasons in at,her a,reas, as in
Hawaii, appear to be typically long, The season
in Hawaii ext,ends from late FebrUltry, 'March, or
April to the first part of Sept,ember (Brock, 1954).
Schaefer and Orange, (1956) indicated that skip
jack spawn in the vicinity of the Revilla Gigedo
Islands from April to December, and t,hat spawn-

1 Nakamura, E. L. and W. M. M<ttsumotfJ. MS. Distributiou of larval
tuna in Marquesall waters. Jlureau of Commere.ial Fisheries Biologieal
Laboratory, Honolulu, Hawaii. (Mauuscript.)

ing is more int.ense in summer and fall. Con
ee.ruing the fish in t.he Philippines, Wade (1951, p.
469) states, ". . . there are indieations that. the
period from September to April, inelusive, may be
the principal spawning period." The spltwning
season in the southern waLers of .Japan, however,
is relat,ively short.. Yao (1955) postulat.ed that.
skipjaek spawn during June-August in Lhe waters
south of Kyushu and t.he Ogasa.wal'a area.

FREQUENCY OF SPAWNING

The presence. of t.wo or more modes in ova-size
frequency distribuLions and that of residual ova
in ova.ries eont.aining mature ova hnve been used
to hypothesize mult.iple spawning. Among in
vest,iO'at,ors, studying t.una, June (1953) concluded

~ ~ ~ .
on the basis of such evide,nee, that yeUowfin in
Hawaiian waLers spawn more t.hml onee during It

season. So did Brock (1954) for Hawaiian skip
jack Yuen (1955) for the bigeye in t.he Pacific,
and Otsu and Uchida (1959) for t.he Pacifie
albaeore.

The ova-diameter frequency distributions for
skipjaek in nort.heastern Freneh Oceania were
typieally bimodal, or sometimes mult.imodal in
the more advaneed ovaries (fig. 4). Furt,herrnore,
residunl ova were found in ovaries of 23 of the 72
skipjack t.hat were judged to be in the advanced
stage. ,

MaeGregor (1957) discussed this problem of
multoiple spawning in some detail in an analysis of
Paeific sardine fecundity. He disagreed with
several criteria t.hat have been used in the past t,o
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FWURE 4.-0vll-diameter distribution for a developing
skipjack ovary.
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TABLE l.-RcslI.lts Qf sb:pjack fecundity determinations

OVlt extruded at one spnwning rangedfrol11 0.1
million to 2 million, wit,b ltn indication that the
number spawned is rehtted to the size of the skip
j ltc.k, the la.rger fish spawning more ova. Joseph
(1963) made fecundity determinations for 42
skipjack taken from t,he eastern Pacific Ocea.n.
His estimlttes ranged from about 0.2 million to
1.5 million ova. per spawning for skipjnck with
totlll lengths from 61.4 to 71.5 cm. Within the
limits of his dat,a, the size of the skipjaek and the
number of ova per spawning seemed to be rela.ted.
Among some of the other tUllll, n relation between
t,he number of OVll, spawned and size of fish was
found for the bigeye in the Pacific (Yuen, 1955)
nnd Hawa.iian yellowfin (June, 1953).

Several investigators hnve diseussed the possi
bilit.y of using t.he relative ovary weight. (ovary
weight:< 103/fish weight) a.s It meltsure of mnt.urity
of tuna.; e.g., .Tune (1953), Yuen (955), and Otsu
nnd Uc.hidn (l959) . Schllefer uml Orl1nge (1956)
nlso nsed t.he relnHve ovnry weight. t.o mens\ll'e t.he
Illlttnrity of skipjack, the only difference being
thnt they used the cube of fish length instend of
fish weight and It fnctor of 1O~ inst,end of 1O~.

They called this rehtt.ion the "gonnd index,"

which is defined ItS G.l.= ~:;< lOS, where "G.1."

is the gon:td index, "'ILl" the weight of the ovaries
in grams, and "L" the fish length in millimeters.
Scl~n.efer nnd Orange plott,ed ~ the gonad index
ngainst the 95th centile of the tot,nl oV:l-size
freq nenc.y distribution and found n linear relation,
the gonad index iucrensing with ovn size. nt lenst
in t.heir Are-il.. II of t.he e.a.st,e.rn Pacific..

I cl1lcuhtted the gonnd index for nll the skipju.ck
in my collection. Becnuse only n sltluple of the
most developed group of ovn was mensured, their

I Dat:. frol\l Ya be· '19[>4).

Numba
0.1

. 1

.4
Ji
.9

2.0

Estimated
'Idvanrr<l

ov,\ in ovary
(millions}

Advnnred
ova in
sample

Weight of
s'\lllple

Ovary
wdght

Fish lengUI

GONAD INDEX

Cortimcter Oram GraUl Number
43.0______________ 35 0.046 19540.8 , • • _
50.0______________ ll~ ••)89 330
~,(i.~ 1 _

07.9______________ :!O~ .080 3.)~

7.1.0______________ 303 .0~9 19~

Four skipjnck with fork lengths of 43 to 74 cm.
and with ndvanced ovaries were selected for
fecundit,y determinntions. Small sections were
obtained from ell,ch of the ovaries and weighed to
the nearest, thousandth of a gram. The number of
OVlt in the most ndvltnced group in the sltmple Wits
det.ermined nnd multiplied by the ratio of ovary
weight to sltmple weight to get an estimate of the
tot,al number of 111ltture OVIt in the ovary. The.
resuIts Itre presented in table 1, which also includes
results obtained by Yllbe (1954) for skipjltck in
Japanese Witters. Estimates of the number of

FECUNDITY

hypothesize multiple spawning; he objected to the
crHerion of the presenee of two or more modes in
ova-size frequency distributions. He pointed out
that the presence of two or more such modes in
developing ovaries does not necessarily mean that
all the groups mature and that multiple spawning
will occur.

Support for ~t{acGregor's contention nlllY be
found in Yabe's (1954) work on skipjn,ck in Jap
anese waters. He noted that, skipjack smaller
than 47 cm. had relatively large ovaries from June
to August, but tho,t, the relative size of the ovaries
decreased aft,er September. He suggested that,
the. ovaries shrank without spo,wning having
occurred.

As noted earlier, my data also show some
ovnries that were classified as developing but
conto.ined what nppeared t,o be degenerating ova.;
this finding, one may a.rgue, is in agreement with
MacGregor's thesis. It. also may be n,rgued,
however, that these data merely indicate that t,here
nllty be a cessttt,ion of spawning during part of t,he
year and do not necessarily indicltte that none of
the intermediate-sized ova will be spawned.
Furthermore, skipjltck ItS smnllits 43 cm. possessed
a.dvanced ovaries which nlso hltd residmtl ova from
a previous spltwning. If their growth rate in this
area is similar to that, of the species in Hawaii
(Brock, 1954), which is not ent.irely unrensonable
since skipjack in both arens seem to reach adult
hood at about the same length, then these small
fish must hltve spawned no more thnn 3 or 4
months previously. Earlier thlm that they would
not hnve been lnrge enough to be sexUltlly nlltture.
These observntions, although not conc.Iusive, in
dieltte the possibility of multiple spawning within
It senson for individual skipjack
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mean sizes were plotted against the gonad index
in lieu of the 95th cent.ile of the total ova-size
frequency distribution. This difference should
not o.ffect great.ly the compo.rison of my results
with those of Schu,efer o.nd Omnge.

Figure 5 is 0. sco.t,ter diagmm showing my
results, with the regression line obtained by
Schaefer o.nd Oro.nge for their Areo. II do.t,o.
superimposed. Schaefer o.nd Ornnge concluded
tho.t the gonad index was 0. reo.sono.bly reliable
measurement of the degree of ova development;
however, the largest, gonad index they found Wo.s
o.bout 36, as compared to my 96. My dato. fit
Schaefer and Orange's regression line fo,irly well
up to a gonad index of 36. Above this vo.lue the
relation seems to bren.k down. There is It big
overlap in gonn.d index between developing and
advanced ovn.ries; therefore, it was not possible to
make any inferences ttbout the stages of develop-
ment of skipjn.ck in this m'ea from the gonltd index.

STAGE OF SEXUAL DEVELOPMENT AND
SCHOOLING BEHAVIOR

As mentioned eitrlier, the sttmpling of skipjack
by pole-and-line fishing WttS such thttt etwh sttmple
represented fish co.ptured from it single school.
This circumstn.nce made it possible to examine

the within-school distribution of developmental
stages.

A gross exn.millu,tion of the data, (table 2) iucli
cates tllttt skipjltck in the different stages of
development were not distributed mndomly within
schools. Although fish in n.Il stil,ges of sexun.l
development were found simuIt.n.neously in cert,ain
months, there was no instance in which uU three
stitges of development were found wit.hin a school.
},ilost of the schools were represented by skipjack
in 0. single stage of development. A contingency
test, of homogeneit.y (Hoel, 1954, pp. 172-175) wo.s
applied to the data, testing the hypothesis that"
with respect t,o stage of sexuo.l development,
skipjack n.re distributed randomly within schools.
The probability (X3=510, df=144) of obtaining
the observed distributions by chance nIOBe WttS
less tlutll 1 in 100. I conclude that there wn.s
indeed tt relation between sc·hools n.nd stage of
sexual development. The ftwt tha.t fish of simihtr
stages of SextHll developmen 1. tended to occur
t,(lgether, n.s well a.s the fact that those in se\rerul
stages of development were found in a number of
months, should be considered in the design of any
study of spawning. Obviously, examination of II.

lttrge number from only a few schools could lead
to erroneous conclusions.

allr------,----,-----,-!----.,---.-----.---,----r,--',-----,

~ -0.7 MM. 1· I • I
~ 40 --.-----------.--.. 0> c~~ ~~-t 0" i~· 0. ·I-;!~.---+--·-
~ 0 l .... ,-,00('(,· -:-C{ '~.)* ¢ (* o:{~')... .:o ... •1. .. '=' •c.;. . .I) 0 ".} ¢ ¢ 'to o~o .. j ....to>;;.* o. 00 ... '=' (.'I .. 0 ." ..

Q .. -:'.~.3 01~>30-:- ...&o.. f!oo .....-...: Og"rj ; ...ol...... ~ 0jO ••~ .. : .. 0
.:0 C1' 00 0 ° q,:..:, 0:- I or.- ~ ('I 0: 0-:0-" ('I 0 0.. ...." 0

~oo 0 ot;.· Jo:.o~ -:0 0 80':;"O~ cf' (' .. Co O~O&C'O':') oS oJ '=' '=' 10
~!: 0;' ~ I 0 ('I ° b 0° 0 ~b.., oJ t:." ¢ '?J I 0 -:0 0 -I
""" 0.;; 0 ~o _/00 ----t;, °L ,-() I I

s.~30 ~o 0 00,"\-7:,-' .r.' 1,"-.0-1 -
~~ O.Jl 0' ° & ') .:0 ;

6~ 0.4 • 0 0 gA'\ 0 • I
~~ . 0/
~u •
0= .,01-------K~ ·----l---I--I---+------t------j
=~- 0.3 • •
~ -~

:: .. I· • ADVANCEDg t.l.:!· .. • ••...yt j" • ., I · I 0 DEVELOPING
Z IOf----·---t~~·-SCHAEFER & ORANGE (lQ5&) --.--j.--------t---j • EARLY DEVELOPING--: y FIG. 10 (AREA II) I
~ ~ ! i

O'OL-----':IO----:!:L.O:-----:3:L.O:-----<\:l;0:-----a~"0:------::f.60;:----=70;;------;:.BO;;---~90~---I~OO

GONAD INDEX

FIGURE 5.-Gonad index and mean diameter of largest group of ova.
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Be.hool Tot~ll

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

Karly Developing Adv'llle·ed
de,'eloping

TABLE 2.-Nl/mbers of skipjack in each stage ()f development
in samples from single schools

SUMMARY

, Yamashita. Daniel '1'. Ms. Results 01 HaW'lih,n skipjae.k tagging. In
fileso! the Bnreanof Commercial Fishe-ries Biological Laboratorr. Honolnill.
(i\lanllsc-ript.)

result.ing in schools of similarly developed in(li
viduals. This explanat.ion nppears reasonable, for
such a sit.uat.ion is probably more efficient. for
spawning purposes than a. mndom dist,ribut.ion of
spawning and nonspttwning fish. Anot.her expla
nat.ion is t.hat. skipjack schools are relat.ively st.able
aggregat.ions, wit.h individuals in t.he group
responding similarly t.o t.he environment. and,
therefore, developing similarly. However, on t.he
basis of his size analysis of skipjack schools in
Hawa.ii, Brock (1954) eoncluded t.hnt. t.heir com
posit.ion is not. st.nble. The pat.t.ern of t.agged fish
returns in Hnwn.iian wat.ers seems t.o subst.ant.iat.e
Brock's eonclusion (Yamashit.a 2

). There probably
is no simple explnnnt.ion for this phenomenon.
Undoubtedly t.here are mnny fnet-ors t.hat. influence
t.he schooling behltvior of skipjaek, and t.he ob
served similnrit.y of sexunl development. of t.he fish
in t.he schools is pl'Obably n llHlnifest.at.ion of a
complex of fact.ors.

1. This study is based on t.he mieroscopie exam
il1llt.ion of ova from 402 pairs of ovaries collect.ed
from skipjack caught. on explomt.ory fishing cruises
from August. 1956 through .June 1958 around t.he
:Mnrquesas Islands and Tutl.Jl1ot.u Archipelago.

2. The ova, ovaries, and skipjlwk were classi
fied as being in the "early developing," "develop
ing," "advaneed," tl.nd "ripe" st.ages of develop
ment. aecording to t.he physictll chamcterist.ics of
t.he most. developed gl'OUp of ovn. Ea,rly develop
ing ova mnged in nppeamnee from simple t.rans
parent. cells to cells with a well-developed nueleus;
developing ovn were opaque because of t.he dep
osit,ion of yolk; n.dvnneed ovn. were opu.que or
s8miopnque and eont.u.ined II clust.er of oil droplet.s
or a single well-developed oil globule; ripe ovn were
almost. perfectly spherical and t.ransparent and
cont.ained a dist,inct. st.raw-colored oil globule.

3. Skipjack in the :Mn-rquesn-s and Tuu.mot.u
llreas are cu.pllble of first. spawning when they nre
about. 43 cm. long.

4. Scattered spawning may oeeur t.hroughout.
t.he yellr, judging from t.he oceurrence of develop
ing skipjack in all mont.hs of sampling. The
major spll.wning sen-son, however, llppears t.o be
from November t.hrough April.
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.I Sf.age of sexual development

As far as could be det.ermined, t.here is very little
in t.he lit.emt.ure regll,rding skipjack sexual de
velopment. llnd schooling behavior. What. are the
causes of t.heir apparent. segregat.ion by st.age of
sexual development.? One possibilit.y may be that.
skipjack about. t.o spawn seek one ttnot.her out.,
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5. Although no eondusive st.atements ean be
made about. the frequeney of spawning of indi
vidual skipjack, the data indieat.e a possibilit.y of
more than one spawning per season.

6. Estimates of fecundity of skipjack ranged
from 0.1 to 2 million ova per spawning.

7. I t. was not. possible to make any inferences
about. the st.age of development. from t.he gonad
index of skipjack.

s. A contingeney test of homogeneity showed
that there was a relation bet.ween skipjack sehools
and st.age of sexual development; Le., t.here was a
t.endeney for skipjaek in similar stages of sexual
development to be found together in schools.

LITERATURE CITED

BROCK, VERNON E.
1954. Some aspects of the biology of the aku, Katsu

wOn-!(S pelamis, in the Hawaiian Islands. Pacific
Science, vol. 8, No.1, pp. 94-104.

CLARK, FRANCES N.
1934. Maturity of the California sardine (Bardin..t

caerulea), determined by ova diameter measure
ments. California Division of Fish and Game,
Fish Bulletin No. 42, 49 pp.

HENNEMUTH, RICHARD C.

1957. An analysis of methods of sampling to deter
mine the size composition of commercial landings of
yellowfin tuna (Neothunnus macropterus) and skip
jack (Kats"l/won"l/s pela1llis). Inter-American Tropi
cal Tuna Commission, Bulletin, vol. 2, No.5, pp.
174-243.

HOEL, PAUL G.
195.4. Int.roduction to mat.hematical stati8tir8. 2d

ed. John Wiley & Sons, Inc., New York, 331 pp.
JOSEPH, JAMES.

1963. Fecundity of yellowfin tuna (Thu.nnus alba
cores) and skipjack (Kat.smJ)01WS pelamis) from the
eastern Pitcific Ocean. Inter-American Tropical
Tuna Commission, Bullet.in, vol. 7, No.4, pp. 257-
292.

JUNE, FRED C.

1951. Prelimilltuy fisheries survey of the Hawaiian
Line Islands area. Part III-The live-bait skipjack
fishery of t.he Hawaiian 18lands. U.S. Fish and
Wildlife Service, Commercial Fisheries Review,
\"01. 13, No.2, 18 pp. [Also as Separate No. 271.]

H153. Spawning of yellowfin tuna in Hawaiian waters.
U.S. Fish and Wildlife Service, Fishery Bulletin 77,
vol. 54, pp. 47-64. .

MACGREGOR, JOHN S.
1957. Fecundity of the Pacific sardine U'3ardinops

caerlllea). U.S. Fish and Wildlife Service, Fisherv
Bulletin 121, vol. 57, pp. 427-449. .

MANN, HERBERT J.

H155. Const.ruction details of improved tun:t longline
ge:tr used by Pacific Oceanic Fishery Investigations.

U.S. Fish and Wildlife Service, Commercial Fisher
ies Review, vol. 17, No. 12, pp. 1-10. [Also as
Separate No. 422.]

MARR, JOHN C.

1948. Observations on the spawning of oceanic
skipjack (KatsulOonus pelamis) and yellowfin tuna
(Neothlmnus -macropterus) in the northern Marshall
Islands. In Milner B. Schaefer and John C. Marr,
Contribut.ions to the biology of the Pacific tunas,
pp. 201-206. U.S. Fish and Wildlife Service,
Fishery Bulletin 44, vol. 51.

MATSUI, KIZo.
1942. Gonads of skipjack from Palao waters. U.S.

Fish and Wildlife Service, Special Scientific Re
port-Fisheries No. 20 (1950). Translated from
Kagaku Nanyo, vol. 5, No.1, pp. 117-122.

MATSUMOTO, WALTER M.

1958. Description and distribution of larvae of four
species of tuna in central Pacific waters. U.8.
Fish and Wildlife Service, Fishery Bulletin 128,
vol. 58, pp. 31-72.

ORANGE, CRAIG J.

1961. Spawning of yellowfin tuna and skipjack in
t.he eastern tropical Pacific, as inferred from st.udies
of gonad development.. Inter-American Tropical
Tuna Commission, BuIletin, vol. .5, No.6, pp.
459-526.

OTSU, TAMIO, ....ND RICHARD N. UCHIDA.

1959. Sexual maturity and spawning of albacore in
the Pacific Ocean. U.S. Fish and Wiidlif~ Serville,
Fishery Bulletin 148, vol. 59, pp. 287-305.

SCHAEFER, MILNER B., AND JOliN C. MARR.

1948. Spawning of yellowfin tuna (Neothunlllls ma
cropterus) and skipjack (/(atsllwonus pelam-is)' in
the Pacific Ocean off Central America, with de
scriptions of juveniles. In M,ilner B. Schaefer and
John C. Marl', Contributions to the biology of the
Pacific tunas, pp. 187-195. U.S. Fish and Wildlife<
Service, Fishery Bulletin 44, vol. .51.

SI~H""EFER, MILNER B., AND CRAIG J. ORANGE.

1956. St.udies of the sexual development and spawn
ing of yellowfin tuna (Neothlln-nlls 1Ilacropterus) and
skipjack (Katsuwon-us pelamis) in three areas of the
eastern Pacific Ocean, by examination of gonads.
Inter-American Tropical Tuna COllimission, Bulle
tIn, vol. 1, No.6, pp. 283-349.

SHIM ....DA, BELL M.

1951. Juvenile oceanic skipjack from the Phoenix
Islands. U.S. Fish and Wildlife Service, Fishery
Bulletin 64, vol. 52, pp. 129-131.

SNEDECOR, GEORGE W.
1946. Statistical methods. 4th ed. The Iowa State

College Press, Ames, Iowa, 485 pp.
WADE, CHARLES B.

1950a. Juvenile forms of Neot/mllnus /IIacl'opter·l~s,

Katsl~wonus pelalllis, and Eltthymws lIaito from
Philippine seas. U.S. Fish and Wildlife Service,
Fishery Bulletin 53, vol. 51, pp. 395--404.

1950b. Observations on the spawning of Philippine
tuna. U.S. Fish and Wildlife Service, Fishery
Bulletin 55, vol. .51, pp. 409-423.

SKIPJACK SPAWNING IN MARQUESAS AND TUAMOTU AREAS 487



1951. Larvae of tuna and tuna-like fishes from
Philippine waters. U.S. Fish and Wildlife Service,
Fishery Bulletin 57, vol. 51, pp. 445-485.

Y ABE, HIROSHI.

1954. A study on spawning of skipjack in t.he
Satsun:tn Sea area. Translated from General View
of Fishery (Suisan Gaku no Gniknn), Japan Asso~

dation for the Advancement of Science (Nippon
Gaklljitsu Shinko Kai) , Tokyo, pp. 182-HI{I,

488

Y..\O, MASAKAZU.

HI.55. On the ovaries of the skipjack, Katsuwonus
pelamis (Linnaeus), captured in the fishing grounds
along the Japanese coast. Translated from Bulle
tin of the Tohoku Regional Fisheries Research
Laborat.ory, No.5, pp. 43-52.

YUEN, HEENY S. H.
1955. l\'htturity and fecundity of bigeye tuna in the

Pacific. U.S. Fish and Wildlife Service, Special
Scientific Report-Fisheries No. 150, 30 pp.

U.S. FISH AND WILDLIFE SERVICE


