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Ecological studies on bigeye tuna— V

A critical review on distribution, size composition and stock structure
of bigeye tuna in the North Pacific Ocean (north of 16°N)

Susumu KUME

(Far Seas Fisheries Research Laboratory,)

The bigeye tuna, Thunnus obesus(LOWE),in the North Pacilic Ocean is a very profitahle species
as well as the albacore, Thunnus alalunga (BONNATERRE), for the Japanese longliners, especially
those smaller than 100 gross tonnage. The longline fishery has exploited bigeye tuna since late
1940's, and the fishing ground has expanded gradually to the east and covered almost over the entire
North Pacific extending between 130°E and 120°W in longitude and from 15°N to 45°N in latitude
in early 1960’s. To elucidate structure of the stock therein, the present study reviews the previous

works on distribution and size composition together with other biological information.

DISTRIBUTION

Geographical distribution of the bigeye tuna in the North Pacific Ocean ranges continuously
almost over the entire temperate and subtropical zones. The northernmost distribution appears to
reach as far north as the Subarctic boundary that is considered to be the southern boundary for the
distribution of salmon species. Main distribution of this species is located zonally from west to
east showing the most abundant area in the northeastern portion of the area under discussion
throughout the year (Fig. 1), Bigeye tuna accumulate themselves in two bands, along the North-
Pacific Current area (transition zone in the western longitudes) and so-called Subtropical Convergence
area. The main distribution areas vary seasonally in response to the north-south shift of the oceanic
structure, especially to that of ocean current system. In summer they occur in the northernmost area.

Relative abundance. in terms ol hook rate (catch in number per 100 hooks), changes remarkably
in time and space. Density increases from west to east with a sudden rise at 180°(Fig. 2), Index of
abundance, expressed by the total of average hook rates by area (Table 1), indicates the highest in
winter, which is approximately twice as much as that in summer. It is not likely that the decrease
in relative abundance in summer is ascribable to the emigration of all the amount of fish equivalent
to the decrease southward to the equatorial region, where relative abundance of bigeye tuna in summer
does not turn out as high as to compensate. Probably, the decrease in relative abundance is apparent
and main component of stock remains within the North Pacific Ocean during the summer. It is

supposed that in the North Pacific Ocean there develops a new seasonal thermocline from spring
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through early summer that might change the swimming layer to the shallower waters so that the
longline fishing method results in less efficiency. Fairly dense occurrence in the southern area in
spring suggests a temporary stay for the intermigration of individuals from North Pacific Ocean to
the equatorial region for spawning or vice versa.

BIOLOGICAL FEATURES - SIZE COMPOSITON, SEX RATIO AND SEXUAL MATURITY OF
FEMALES

During the winter, when enough data are available throughout the area,length {requency
distributions between areas contiguous to each other have a strong resemblance (Fig. 3), However,
there is a cline in the occurrence of modal lengths as seen in modal series a and b in Fig. 3,
The modal length for the same size group increases consistently from west to east (Fig. 4), The
difference of modal length in each modal series between eastern and western exiremes is estimated
at -8cm in length, about one third of annual growth for fish less than 120cm. This phenomenon
cannot be accounted [or specifically, but various explanations may be operative : for example
(1) bigeye tuna in the North Pacific Ocean are recruited in a limited short period and then more
rapidly grown individuals begin earlier migration to the east or (2ifish groups by area are generated
from the different spawning groups that exhibit a time lag in spawning activity by area in the spa-
wning ground in the equatorial region and they do not intermigrate intensively after they are recruited
to the North Pacific Ocean. The author considers that il there exists an extensive intermigration,
the cline would not arise and therefore the cline may afford a negative data to an active intermigration
of fish in the west-east direction.

The relative abundance by size classes indicates that main concentration of any size group occurs
in the northeastern portion of the North Pacific Ocean throughout the year JFig. 6), The seasonal
change in the size composition of catch (Figs. 5 and 6) suggests that : (1) the remarkable increment
of abundance from autumn through winter in the aren east of 180° is accounted for the appearance of
dominant amount of 100cm and 120cm size groups, (2) large-sized fish seem to converge in the southern
area, 1-28°N, during the colder seasons from autumn through spring, (3) in the western area north-
ward movement of smallest size group during autumn and winter suggests the recruitment {rom the
south, possibly from the spawning ground and (4) an abrupt change in size composition from spring
through summer may be related to the changeable thermocline structure at this time of the year. In
addition, distinet separation of modal groups in the size composition is ohserved, especially for the
size range smaller than |40cm, which is not true of the size composition in the equatorial waters.
Each modal group is regarded as a year class and each modal position shilts to the larger size with
the progress of time. This phenomenon has been utilized to estimate the relationship between age
and growth.

Judging from the gonad index of female (Table 2), relative weight of both ovaries in g to cube
of length in em. bigeye tuna in the North Pacific Ocean are immature or sexually inactive. During
the second quarter of the vear, however. individuals with highly advanced ovaries oeccur in the
southern area from 16°N to 28°N, which suggests intermigration between North Pacific Ocean and
equatorial area where the spawning ground of this species exists.

Sex ratios of bigeye tuna in the North Pacific Ocean north of 28°N (Table 3) are different from
those shserved in the equatorial area, where the predominance of male in larger size is remarkable.
In the area between 140°E and 180°, sex ratios are almost the same without regard to size, and in the
area east of 180° the predominance ol male is observed in the size range smaller than 130em. The

length frequency distribution by sexes (Fig. 8) reveals that modes ol male and female in the same



59

size group are approximately at the same position with each other up to 130cm in length, indicating

the same growth rate between sexes.
ANNUAL FLUCTUATION OF THE SIZE COMPOSITION

The appearance of a dominant year class brings about the remarkable year-to-year fluctuation in
the size composition, which is concurrently recognized in the whole North Pacific Ocean (Figs. 9 and
10), It was in 1949, 1951, 1956 and 1962 when dominant year classes exposed themselves to the North
Pacific fishing ground for the first time. It is not periodical. The appearance in 1949 and 1951 induced
the “biennial occurrence ol the dominant year class”™ described by KAMIMURA and Homma 1953
(Fig. 8), The appearance of the dominant year class is also suggested in size compositions of catches
by “nighttime longline” fishery and the Japanese pole-and-line fishery.

ON THE STOCK STRUCTURE

There are two significant features respecting the stock structure of bigeye tuna in the North
Pacific Ocean. For one thing, the concurrent appearance of a dominant year class throughout the
regions suggests that the bhigeye tuna in the North Pacific Ocean are closely related to each other
internally. On the other hand, intermingling of individuals in the east-west direction does not seem
to be extensive judging from the cline in the size composition, the increasing discrepancy of modal
length in the same size group as the areas falling apart. It appears that the stock structure of bigeye

tuna should be discussed [rom the scope of the whole Pacific Ocean.
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Table 1. Seasonal change in relative abundance of higeye tuna in the
North Pacific Ocean (north of 16" N), expressed by sum of hook

rates of every 10 latitudinal degree area,

_ T0E-10W =

Quarter-of-the-year | North of 28'N South of 28°N ‘ Total
I | 13.79 7.21 ' 21.06
i | 7.07 7.54 ‘ 14,61
i ‘ 7.07 I 5.39 | 12,46
v 11.38 | 6.56 17.94

- o ~ I30°E-180 .

Q““‘““’f‘the“y“f“f  Northof 28N | Southof 8N | Total
0 1.53 ' 2.91 4,44
1 0.98 | 1.56 2.54
m I 2.29 ' 1.07 3.36
b

2,57 3.34 | 5.91

e GF 1 PEm 122 EH CEnPRED of 2 (toffizgd 5. LaLEESD 130°E~180" @
RIS T DT A 2 &, TR Gl B e AR Ly s nd o REIVER<T, 130 E
~140°W OO 2% AT LGS 0P RE 2, FAMMIPEEICIE 28°N LhkoiEThis
DEVEAZRL TV A4, CAUFEERLII I L dITdeds D @i T 4 ~NFMphihi Dl LT o
Llck360THS (FME{L 1959),

C CTH, HicsY 2RO MDIZONTEREEMATA 5, K OALhI TEATIN ST
BE AT ML, FhOHICHITETT 4, COHEDE FIZ W THED MM YT+ 5 M
A TFTLTHRMRICBILTLE S C EICEURRASS 2 2825 2 L3, AR TOEIEDFN
Z(LDWP AT (L= &N 1953) @M TRV R T SRS < 122 0 H 1 PRERA L
LT2OMBROMNTE 5. B2 6 ANOFEHHIL AT HRAICHM T 2 EE 2 00, &, Hilok
EOETRAMT EOLOTREWLMLEINEN S, LA, O N LB KRRROZELIZL

LH© (Patulo and Cochrane 1960), L& 2@ FEEAEOINHIC, FhicoNTHHORIE &%
CHDEMOMMICIIB LI IEEE V-T2 2 & B oL LT, WHEHFEFIKIZ 160°E LITEDILPEEkA
EHETRANFBRUFAFOEER, ¥ FH, AVvASREHYERICE>THERATIIESN S (AN B
M 1967, A - [k 1955, Kawasaki 1958),

ko in { Fip o HIC T A AFHEOERTMLILSACET ISR T 2 L HtRl s 288, 5 H1z180°
LIROBES O Ofipd (23°~28" N) (2,3 DBF LT 500 —BIc 20 Tid, #ulits kS IcEED
FETIREE D 6B T EEIPD 7o il ~RINL T { Witk b FA oM 2. chExdeddahD kS i
170° E~150°"W @t <9 1, TPPEIIS R <2 a (A - HiiEL965), iciflijBl Tl ip4+
T L O — M0 db AR A LT 2WEE b S Ao s 2 - TldH 2. L LBEBETCRC
DA DN TEKMICTE TR 212 E0MRAEG S TR,

SERAMMEORAIC 2 TA S, dLIRiE, EEoplehno BN Biick-TZ N+ 245025
B, SR AT 2 HIIC BT S 427 -3 N DILToO ORI BN TR TH 5. Ld-T
Hor e = AHO S OMEIRE & ST A G (DODIMEAD et. al. 1963) (EWizH 15 6Ltz 40°
—2°N) A MATIEREEAE~ENT 2 &2, BEAERWLOEEEEN S, HOERIC DT
BlESkOWHLTAAY 7+ =T R (1200 —125'W) (DODIMEAD et. al. 1963) #szhiz 42 DL H
HNAERD X HIT 125°W EETORMMBED STV E OKEEITHAENIZEH 1966) = /400 Migic>
WTHLE 130°E BIEIC bafmhid oL 568, i iR, MHlEE LD lioiERicBTas o &



63

I BRBEOCEHNFHER

b, i) 4

dfe B FREE 10 fEo X, fEo Py,
Hfr: LTl E LY DL, F R AR PE Bk
N - quarter I - guarter

’ ;
%) [30-120E] A%

Ak, IKEE

1 f-. = : iz
TN NE: 1 {88
st 5
ket LT [[40-I50E
F s 10 f 1
[ o} | Tl b
e 5
150' G60E
10 %

i rﬁiﬂ‘!tbﬁ&%ﬁﬁﬁ 5 ' “ r
1) ﬁﬁﬁr‘miﬂ:

GO'I?OE

2
10 l‘JS()le?f:-i -'a-‘-.n

HZ2UVT

‘ 'IlJ’ A5 180 fif
NUIHDIHET IS { 12-

fo#Z L 180 BE

|I50‘P4OW

B0 100 120 |40 160 180 a0 100 120 140 160 180 (em)

Fig. 3. Mean percentage length frequency distribution
of bigeye tuna by areas in 1 and IV quarters
of -the-year, 1956-1964 data combined.

Chi g TIiICiRiE &L



64

DAL DRGSO EFT, Ml (1959) (2o

BEDHRNENERTNE, TCT220E—FE a,

LTHI. W4 HEM (1954) ofikTifise
Ehice— FERREE 10 BEGOHEINIC KR
L7=bDTH 2. [—b CGIETPPREL, >V
—Z b, PFREL) ZHROTGFESIIEE
TH-Ty ENTHOYEEEGICEITSE
—FO#EE [—a Tt 8.6cm, NV—aT(d
6.2cm, NV—bTl 8.lem &35, chid
O ZE ORI RRIEH 20em EffEEEh
TWa (frék- #m 1963) 0T, zOX
FEMKERDK M ITHMT S, [—Db IT
DT W 72 [mAEBE R b Sz,
Z0 k5 75E— FONFEO AT [0 EHE
J’I‘-"f%lﬁﬁlr_ou\tiib\éb‘émﬁ"ﬁfﬂ%é’)t

LHoEPTED H1OMELT AL
ltffuﬁalﬁir MzsETL, #0BRBEED LW

@fEk» S, WK, EhoHAE—HICEBIT 5, EHHIET LY ~E 57
DL PO LEBELALDTHL| EWV-FLEHT LT ENTED
LTS MEEEM L TiThi,
% ORI 1966) & LML T, JbASERRIEO [ i N M o 8 T R
5o COBG—ERMENAOIEIETIZHSE D KSERRETEHOENEEL L, Ol
BEOEETR 20 MMt 20T A EFERAETH S

PEBR IR RN ISR EE IR B B

ZHTHD

DHOHMM B A SN DL EEDNL LA,

uiue Wiod

(wa)

1
fifi &

B 1+ 5 =— FO %L 1ll~12em THEHKE
b 12T E— F X oo B4R A EEh

“
=]

~
o

5

o
=]

- -
= e ¥ . = - ®
"
* ¥ * .
"
- -
Ll ' ..
130 40 IsQ 180 ITOE 180 iTa 160 150 1?0
IAGE ISID ISIQ I;ﬂ Iéo |;0* IISG |;° IAD 130w
Longitude
Fig. 4. Relationship between modal length and
area. @ [V-Quarter * 1 [ -Quarter
RO SHTA, Tl

Ho 4§12 WL ANFOD
L SFESREEIIC I HudtEdsa o 5 & His 1L
LHEMTHLENIE

—

o ELTC

13, BT [HEHAIC active ILMBORHNS Ao O LS L LEWET, chidd{lidsd
WE LD active AMNARKAGTET AHETH L) LEATEL T&ITT S,

) mikAE ol

Je A E AR AT 130°"E—140"E, 140" E—1807, 180" Bi#ic 3 4rL, Hiz o sl imic 16
—28°N, 28°N pdto 2RI Ly =48 ho REEEMAT S BICRT .
FFPIVIREic DT AR, 130 E—180" oiEiTid 28°N Az L Tk kR EMIKIZAE D K<

T AH,

DOEAF DT H o b 2 ORENTH S,

28°N LIHO#HHTAXIE-TWVAS
HHEIEFIRE L,
[t 140em LI Lo KB b %
~NTHElL D22 EIRE TRV,

1) {REMEROFEHEL

180" PIHioiiphTid 140em Bl E@OATD S 5810
o BT, IP9EINC 3 4 K% U TREIE R O fliko
bbb 28°N LETHE 90~100em LI Fo/ sl 2 01cH L, DIROiiET
fz#2L 130" =140"E 0Tl e o E
EMPYE NN S R RO ML 0 - & S ABIZIE S
AEHIIT & TILHACEPEER N T (2EE7 D Ol T KD fb

DOHRFRINTSH D

W ERICKRE 0,

28°N DifoiipE Tl 80em LIFiCE— MRS LA HETR-TW 5,

CONBIBHEA LR
T

s FIC

LREGHMAENEVZEITH S

56 T, EoEHETRENIZES DO EIERG PRI SO R A T U, (RIZREHR

HEOMFE(LARLAETHS.
hLTHHiT A0

60~80em |z74 541
AIEE SN A, EHEE (1959) bohEALBTDS,
130° E—180° ojigkic s 2 (kB YFEE Lco>0TH

BRI AR TEIRERE & 180° LIHOMEEICYE

ZEHeEicAHLNE LS, 28°N Lk

MR T NP A S BUED I D PP HIc nl, ARE (140em 2LE) (2, wOHCHEAD LT { DI L,

28°N Llfioiahic
N5, 60~80cmice—FD&H5ILA

HEACRMARL TW S, ZRIEHHOEhSAFICMTTOMTICLS260DEEZ 5
PR OFEIEL (5T Lo dOhd Ltisbad), it edic



130°- 140" E

140°E - 180"

65

east of 180°

NO DATA
10 F
m-o
= | |
B0 oo 120 140 160 180 80 100 120 140 180 180 lem)
Fig. 5. Mean percentage length frequency distrbution of bigeye tuna in the North Pacific.
Connected line -« north of 28 N
Dotted line ««ovene 16 N-28 N
130°-140°E 140°E - 180° east of 180°
44
40
35|
1-0 1
25
20p T
is
1of 1
5
25
201 T
I-Q s
o 3
5
0 NO DATA 4
m-o
5
s
w-0 | 1
5
= a0 oo 120 |4-0 160 180 a0 I_E!O 1_5; 140 |EO l-éo 1] oo 120 140 160 réu fem)
Fig. 6. Mean size composition of bigeye tuna in the North Pacific Ocean, expressed by index

of abundance, (percentage frequency multiplied by mean hook rate during 1956-1963)

Connected line
Dotted line ----

north of 28°N
e 16°N-28°N



66

M aEaE/MEL, CORET BIVIREL A S0 T PREMIZ AT 28°N LIEOHER A S DL OHHE~BT
THEVSRERERLTO S, THIFEIKRICHH L TO R BEmAE L, eAE o fuiSic@EmL T
W REO—IREFRETIOTIREWAEEDR S,

180° PIHofIic >\ TA 5 L, 140em PLEDAT@IE 28°N LULOHHK TH MPE -4V —i [ -
PO & R A3 5, — 28°N LMol T2 Z(bORREIIH U 4 L (27, B 28°N Bl
ks 3T, chod &0 6 FMMYER D S FEQRE DL~ T, AMHNoRE FBibioRge
AN, WIVIRERD B T PREMIC AT T 28°N PUED#HET 100em ji#ic e — FAE T IR o E
IMBATEY B4, I PPRENIZ R B0 MBEEEERT . 120em fjjfice— K2 b orh IRV, 1Y
Yfficziid 28°N PULOMFH THIFFEIZES S0, Lk 28°N Lo~ T+ 2825 &
POAITHTTO 28°N PltoiHgTtomBifoEnizch o, MNIBOomBRILL-T b hack
1%,

ZOERT<EBRE LT 8°N PO FEE T, F0PREWN S HIPRELIcHh G T Ak
U 7s iR Ae 2 b asd i & A, IMPREici, h, ANREOHERDIZ 5 2BABE LS LMY T 50
BRERHENS,

Ffo, FRIGHERO A /S F OERBEEST (PR« e 1959, 780 1958, # - 1780 1959) ich~2 &,
DD ZNTIR &— FIHOSAMETH S CEEL 1959), oM@ 140em DIFToEERTIRE L
CHETH 5. TRFEMMTTHICONT, COE—FORTHAEWVHFABIT200EH SR, kDK

Table 2. Seasonal change in gonad index of female bigeye tuna by length
class in the North Pacific Ocean through 1963,

16°-28°N l North of 28°N
s | ol 120°E-180° East of 180° 120°E-180° East of 180°
S0 | 21K TS0 [ I | <0 | 2| S0 | 121K
__| (em) (cm) ‘ (em) | (cm) I (_(5111)__[ _(_cm) (em) | (em)
fi=3 —0.5 4 1 |1 0 86 2 22 8
0.6—1.0 3 0o | 3 2 13 | 80 6 15
1.1-2.0 1 9 0 8 6 1 0 0
2.1-3.0 0 0 0 3 0 0 0 0
B O 1 0 0 0 0
4—6 —0,5 6 1 2 1 = = — -
0.6—1.0 17 24 2 3 = = — =
1.1-2.0 12 13 0 16 = = = =
2.1-3.0 0 | 0 15 = = = =
$i= 4 b 1 1 = = = =
7—9 —0.5 0 0 = — 0 4 - -
0.6—1.0 3 5 = - 16 16 - -
1.1-2.0 2 6 - = 6 16 - =
2,1=3,0 0 2 - — 0 - -
3 0 0 — | = 0 0 \ = =
10—12 0.5 7 0 1 4 84 57 . 276 352
0.6—1.0 6 5 4 17 41 42 153 | 1065
1,1—2.0 0 3 2 7 9 2 | 57
2.1—3.0 0 0 0 1 0 0 0 0
31— 0 0 0 | 0 0 0 ‘ 0 0
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Table 3. Sex ratios of bigeye tuna by length classes in the North Pacific
Ocean north of 28°N during winter seasons through 1963.

a) 140°E-180°,%Oct.-Dec.

Lentg_;qun)class | mi:umherl of _f?ehma]e . Percent female | Chi-square D.F.
—100 120 125 51,0 0.102 1
101—120 176 179 50.4 ' 0,025 1
121—140 153 112 42.3 6.343* 1
141—160 71 82 53.6 0,791 1
161— 23 11 32.4 4,235% 1
Total | 543 509 | 484 | 1,09 1
b) 140°E-180°, Jan.-Mar.
Lenf’g;)c lass | m:;l:mber]nf f'i_sft_n-lale !| Percent female Chi-square D.F.
—100 97 100 50.8 0,046 1
101—120 142 121 46,0 1.677 1
121—140 124 115 48.1 0,399 1
141—160 43 46 51.7 0.101 1
161— 14 20 58.8 1.059 1
Total | 20 02 489 | 0.39 1
c ) East of 180", Oct.-Dec.
Len{gct;)c]ass I:Iumber |0f “STh _T__‘ Percent female | Chi-square D.F.
[ male emale | | [ N
—100 606 288 | 32.2 113, 114%* |
101—120 936 672 41.8 43,343%* 1
121—140 1521 1423 48.3 3.262 1
141—160 1080 1048 49,2 0.481 1
161— 157 115 i 42.3 6.485% 1
Total | 4300 | 3546 | 45.2 | 72,459+ 1

1955,Kume and Joseph 1966) %!, CAUBILATPEM THESNIHEREBE LI RNLZ26DTH S,

I #EfAROEFEEL

IR O A RMBROBELZ(LIZF Lo —2OM L LTk R VERXICARE L2 0hY 5 "
ERMARR” BEF SN L, i« AR (1953) (3 1948~1952 4Rgal*, Wl 26°N Lllk, 130°E—165"W
DOEFHC X A EpHEME CE8 D) 2o "REEMESR" 2#y, RHczOBlcEgsma, ko3
DONFAERT THHAET-> TV 5, @ FREROEICE AR (RUMENH) @ BREHEDFIC X 5 HE

* ALERASEHO A NFHEDO LI RLATH - Ty LI SAOIRY 1948 fF & i3 1948 4F 10 A~
1949 4F 3 HoMllx &4,
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Appendix table 1. Number of fish measured by quarter-of-the-year and 10°
latitudinal width for two areas, north and south of 28°N, during 1956-1963,

First quarter-of-the-year ( Jan.-Mar.)

' 10— | 150— | 160— | 170E | 180— | 170— | 160— | 150— | 140—
Year | 130—UMOE | 50 | 160E | 170E | —180 | 170w 160W | 150W | 140w | 130w

North of ERLN

1956 17,805 51| 840 | 1,50 91| 907 | 137|296 | 356 i
1957 5435 | 1,383 | 621 240 285 | 3,361 | 688 723 | 342 —
1958 15,994 | 3.689| 812|858 39| adl| 613 | LISt — -
1959 7,635 | 2,542 | 475| 484 835| 120 356 - — —
1960 6,009 | 2,345 1.020\ 39| 97| 108 2,287 1,388 706 —
1961 4,819 | 1,406 | 821, 187 2,056 | 1,802 | 2,623 76| 318 —
1962 2,717 | 1,908 | 189 | 333 | 444 | 404 | 1,050 — _ _
1963 14,027 81| 463 | 141| 816| s61| 815| 254 — —
~South of 28°N - S
1956 1,058 | 4,447 | 3,055 —| = 18] 114 — = -
1957 | 1a90 09| s 10| —| ur| —| —| —
1958 280 | 1,993 1,180 = = — 386 = - -
1959 783 984 | 483 | 580 _‘ 1,370 = - = =
1960 1,062 437, 788 s —| 1,256 | 2,002 i = =
1961 3,482 | 4,844 | 3,088 187 —‘ 879 | 2,387 = - —
1962 1,610 182 | 588 59 = ‘ = = = . _
1963 31| 139 | 804 113 — = = = — —

Second quarter-of-the-year (Apr.-Jun.)

. , B —— . -
Year \ 130-10E | Yo | oow | Troe | Ciso | Trow | Teow | Toow | Sow | iow

North of 28°N _ - B
1956 858 g4 | —| —| | —| er] - —=| -
1957 84 239 - — - - - s —af e
1958 1,774 wil = ) [ I . _|_ _
1959 350 - — — — — 194 = — —
1960 1,432 = = 57 326 — ‘ = — 209 =
1961 983 102 = = — . — — — =
1962 642 i = 70 — — 117 2 — =
1963 2,571 156 - = — — — — —| 117

South of 28°N S - )
1956 55 215|255 - ‘ —| 26| 24| — — -
1957 - 75 47 - = | 15 118 — —
1958 - 90 ‘ 60| - [ = ‘ 1,651 \ 150 — 5= -
1960 389 B - = —‘ 1,799 | 4,119 | 1,674 - =
1961 128 92 = = — 0 = — P =
1962 52 131 - 38 —| 17 163 | 431 645 =
1963 48 82 — ‘ — - ‘ 102 13 = \ 241 -
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Third quarter-of-the-year ( Jul. Sep )
‘ 30—10p | M0— | 150— | 160— |10E | 180— | 170— | 160— | 150— | 40—
IS0E | 160E | 170E | —180  170W 160w | 150w | 140w | 130W
. North of 28°N o -
1956 | = =] = . = — 1,169 | 304 = =
1957 ‘ — | =] 19| 63 — 199 266 | 424 - —
1958 — — 14 4 — —| 1233 | 2044|134 —
1959 | — —| w6 3| —| —| —| s 35| ~—
190 | — —| | 7| - ‘ N I I R+
1961 — | M1 L5 2,03 632 - - —| 138 —
1962 — — 909 842 99— — — /| —
193 | — I 5| 726 | 680 ‘ B = - —| 20| -
South of 28N
1956 - = = = = =] =] = =] =
1957 - | o =] - -] - I =l = =~ =
1958 — 166 ~— - - - - - - -
1959 = el =l s e ] =] =] =f =
o0 | - ‘ o I e el | = =.=l =
1961 | - ik 7 B - - = - - —1| 1,512 -
1962 — — - = = £9 — —| 248 —
1963 | - ‘ - — - — — 34 —| 430 -
Fourth quarter-of-the-year (Oct.-Dec.)
Yar | 130-u0e | MO | o | 8 | e | Htow | =4 “i‘s’. ow ll 1?25» e
North of 28°N o o
1956 6,473 61| 4,029 | 1,304 | 3,308 | 1,507 | 2,964 | 4,023 | 1,877 —
1957 9,449 243 | 3,470 | 363 | 1.934 | 2,296 | 1,624 | 2,656 | 1,469 =~ —
1958 3,140 614 | 7,206 | 1,433 | 5,633 | 1,250 | 1,217 | 3,633 | 1,068 —
1959 3,914 252 | 4,045 454 | 3,066 | 903 | 2,905 | 3,623 2,800 @ —
1960 6,691 35| 1,674 800 | 2,991 | 139| 2,737 | 7.121| 3,215 =
1961 1,267 — | 1,224 2,65 | 1,715 | 915 | 1,663 | 2,640 | 1,588 -
1962 373 — | 1,879 | 1,269 1,347 455| 735 703 948 | 322
1963 347 55| 1,840 | 2,168 | 1,190 — | 1,27 2.?55‘ 1,645 | 3,603
South of 28°N -
1956 1258 | LOT9[ 2.387[ IS4 34| 10| 213 =] = =
1958 501 5% | 125 = — | 234 — - - -
1959 181 566 =l = — | 6% = —| 338 =
1960 2,656 | S45 | 25| 56 —| 423 - - . =
1961 1,005 35| 1,48 — == — == — = —
1962 1,095 681 | 722 — — 89 = - - —
1963 764 319 9 = = 51 — — — —






