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IN'I Ri! 1	 JCT 70N

Since the beginning of this centurv, scientists «nd fi.shermen }rave

become increasingly aware thit an undeveloped Pacific saurv resours<

ex ists of f t he west coast of North America, 'I'liis awareness Iias < orn<

through t lie observitions of commercial fishermen, part icu.larlv those

in tlute albacore tuna f isliery and the California � cased seine f isher I es,

and f ishery assessment surveys by the Soviet Union, Japan, and the

lln ited S to t es. No Amer i can f i shery for saury has been es tab lislied, but,

on the Asian side of the Pacific, .Japan, South Korea and the Sovi~ t

Union have developed large saury fisheries.

The .Japanese fishery, which has been in existence since the 17th

century, was revolutionized just before Vorld Mar 71 hv tlute introduction

of new I.'ishing geqr and techniques. .Japanese landings of saurv reached

high of 575,000 metric tons in 19'r8 but declined to anproximate1v

52,000 tons in 1969  Table 1! . The Soviet iln ion entered the Rs iat i<

saury fisherv in 19'>8 anti has operated a large saurv fleet since 1'�0.

Recent Soviet landings of saury have been around 40,000 metric  ons

annually although their 5 � vear plan had a 160,000 � ton goal, for lr�0.

South Korea a] so 'has a fi shery on Pacif ic saury in Asian waters, 1inding

between 20,000 and 50,000 metric tons annual 1v.

Wtih the decline in saurv landings bv,Japan, the price nf saurv

has increased severalfold since 1967. I!ur ing tIie 1970 si;~s~ui, I I><

avcrag~ pr i ~ ~ t o f i sherman for al I s izr s of saurv I an<I~ <I was",2'!9 p  r

ton, I'isli of. prime size for tuna bait ol ten commanded ex vessr I orices

of $400-9500 per ton. Freezer plants in American Samoa were reportedl v



Tab le I. - -".. ';. ] J=panes e catch and approximate catch compos i t ion irom
1952-1969 saury fishing seasons  in metric tons! L/

Approximate catch composition 2/
Small Hedium l.ar ge

Total

catchYea

1/ This table has been compiled from Hotta �964c! and unpublished
Japanese catch data  All Japan Saury Association, unpublished data,
1968!. It is realized that the categories of approximate catch do
not always add up to the total, tonnage harvested because of omission
o some data and possible reporting errors.

2/ Saury classified as " small" measure from 20 to 24 cm  KL! and weigh
about 45 grams, 'medium" from 26 to 28 cm  KI! and 85 to 95 grams,
and "large" saury measure irom 29 to 33 cm  KL! and weigh 100 to
155 -rams.  Japanese scientists have selected knob length  KL! as
a standardized length measurement for saury. Knob length is mea-
sured between the tip oi the lower jaw and the posterior tip of
the muscular knob of the caudal base, Kimura, 1956a!.

1952

195 3

19.>4

1955

1956

1957

1958

1959

19v0

196!

1962

19' 3

1964

19u 5

19. 6
19-7

19 8

19 9

225,727
253,ubl
292,717
497,002
327,813
421.,530
575,087
522,567
287,071
47>, 732
48~,1uQ
384,548
?10,u87
230,300
2~7~770
217,261
1.20,000

52,000

20,000
25,000
20,000
15,000
25,000
209000
15,000
10,000
10,000
35,000
15,000
30,000
30,000
15,000
25,000
20,000

160,000
210,000
140,000
210,000
180,000
185,000
230,000
290,000
110,000
370,000
170,000
255,000

65,000
200,000
155,000
165,000

50,000
25,000

130,000
190,000

25,000
1707000
215,000
220,000
160,000

80,000
2905000

90,000
115,000

15,000
60,000
30q000



sell ing 1 !-kg ba i t packs of f roaen saurv for abou  SbllA per ton.

Tbe increased value of saury has stimulated interest, both

domestic and foreign, in the saurv resource off the American I'acific

coas t

Bccaus~ it occurs well offshore and was of slight value, lit t ic

research was conduc.ted on eastern Pacific saury before I 967.

program has since been initiated by the National Marine Fisheries

Service  NMFS! to study the b iology of saury and to investigate

factors which arc likely to be important to possible Il. S. partici-

pation in an eastern Pacific saury fishery.

The first step in the new program was to become fully informed on

the Japanese saury fishery and to review research studies. In Julv

1968, NMFS contracted with the senior author to investigate Japanese

saury industry «nd research facilities. The junior author made a

survev of Japanese, Soviet, and domestic scientific literature .

Accord inglv, this report contains information on the Japanese saurv

f ishery, summarizes biological studies on the western Pacific saurv

stock, and considers the less well-known central and eastern Pacific

stocks



PACTFIC SATIRY STOCKS

I'Ot'III.ATION STRLJCTUHI' AND J.TFE CYCI,FS

Cnlolabi» saira  Hrevoert!, conmonly referred to as "saury" or

't>ee<11  f I »lr" irr angl i »h and "sanma" in .Japanese, is one of three

5/
»I!r < 1 cs I><. I or>ging t<> t»e faml 5 y Scomberesoc idac, <» tier Rc1oni formc s.�

h;t»;rr> < I o<" <tat <r, 5en<Ier body, d rrk greenish � btue <lor»a L sur face,

»liver ish v< nt r;rl »ur 1 acr., projecting Integer jato, an<I a sinple dorsal

! in 1;rr l>a<'I< on t»e <>odv �'I pure 5! . Adults, supert icialty resemblitrg

I 5 y irr~', f 1»» <vt t»out winy», grow to a Lenpth of 3!. ! cm.

At tlr<>ugh m< mb<>ri of Scomberesocidae may be foun<1 ln most temperate

rrat sr» of t lr<> wrier Id �'I pure 2!, the pacific saurv is generally r estr ic-

t<> t»< r!;rt er» o! t Ire 1'ac i 1 ic ticean bet< een l9 arrd 58 deprecs I'1.

L r t I t udc �1ot t r, 19 '«!: Kohavashi et al., 196'I! . The species is "homo-

g< nc ou» '  Soke 1 c vs!' l l, 196>9! l>rr t;rppears to be»< para ted peographica I 1 v i»to

ilr ree gr <><»>s <» s I gna t e d here as the <western, centra L and eastern paci f ic

sto k» �  !'ige<r< 3! . Soviet studies have indicated that easter«and2/

:;tern I'ac 1 'ic saurv i!> termix at times but some .Tapanese investigators

1>e i Le vc that. tire sto" ks do not ove rlap �1otta, 1964c; Kobayashi, 1968!

1./ Oth<'.r .! apancse r>arrt<» «1 e Ran»ho  Lncal name in S;telo, .Tapan!, Han jr>
 Ni i y�.-<ter, .I;rp;:rr, Kado  Hie, Japan!, Ftarui'ado  TII e, .Japan!, Sa i ra,
Srr ire, Sr> I r < rrbo,,!>acr><  Kansai, Slriknktr and Kv<rshiu, .Ianan!,
'1'arne! no»a~ or 1  >,'.;a j i,,!span!, Savori  Wakayama,»id Tov;trna, .Japan!,

z.;r  �<> i < > Ar <' lr < pe1 apo! Saz;rrrrel 0 Sa 1. ra > wash I, e tc.

?/ A» us; d !.<.re, t»r terr>> stock i s def I»ed as;> population se grtrerrt that
has g'<>gr rph I < <1 aff ini ties 'rr<d mav or mav nnt be geneticat '! v <ii st inct

4
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Figure 2. � Geographical distribution of species within the Family
Scomberesocidae: �! Pacific saury, Cololabis saira;
�! Dwarf saury, Cololabis adocetus; �! Atlantic saury,
Scomberesox saurus. From Hotta �965! and Zusser �967a!.

6p

4p

zp

12P 16P'160 16C 17P

Figure 3. � Distribution of Pacific saury, Cololabis saira. After
Kobayashi et al. �968!.



Althou" b the we l ern 1'aci tic stock 1:as -"ce- ii hea 'or over

centuries, apparent changes iu tock size cnly rece.;l! occurred as

l.andings and fishing effort peaked. The combined saury cat«h by

Japan, the Soviet Union, and South Korea exceeded 600,000 me«ric

tons in 1958 but has since declined to about 130,000 metric tons in

!9b9  Figure 0!. Although fishing effort has decreased somewhat

since its maximum in 1958-62, authorities agree that this stock has

diminished  Shin Sutsan Sokuho, 1969!. As a result of the reduced

supply and continuing demand for saury, the unexploited central and

eastern Pacific saury stocks may become economically important.

Domestic interest has been shown by numerous tuna companies who buy

Japanese bait saury to supply leased longline vessels. During the

late suaxaer and fall of 1969 and 1970, the Japanese Government and

fishing companies funded extensive exploratory fishing operations

in the central and eastern Pacific. During 1970, at least 1.5

Japanese vessels operated off the west coast ot the United States

and Canada.

western Pacific Stock

The western stock is distributed over three general areas: the

No. thwest Pacific Ocean, the Okhotsk Sea, and «he Japan Sea  Hatanaka,

1956a,b!. A large portion of the saury in the western Pacific is

believed «o enter the Okhotsk Sea through the Kuril Islands in mid-

summer and leave there to join other western Pacific lish in late

fall  Figure 3!  Hatanaka, 1.956a,b, and Vobayashi et al, 1968!.

Although Kimura et al. �950! have shown a substantial num'oer of

saury =o enter toe Sea of Japan north of Hokkaido Island and through

the. strait between Honshu and Hokkaido for spawning in the late summer



,«<! «m<i, i L i s i~el ieved tl<at the dapan Sea saurv is at 1 east part ial1v
~<»~;< r,«< Li fr<i««bc I'ac ii ic group  Adate, Tohoku ileg i anal Research Laboratory,

«~mmnni< a <. ion y 1 ! 68!
600
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5 2

58!954 56
YEAR

I' I ~~ <r< '<. -- L<c..t< rn i'«< if i c saury land inps by .iaoan, 8onth Vorea and
..ov i < ! ! In i on, 1<! 54--70.

" < sa'-'r"'«< nL s«mmar i ac d in table form.

!'ov ic!;<nd .japanese sc ientists have published many artie ies on the hio1opv
! I;o !'a< i f i <. saury. pn fortunately, they have not been abl e t<i agree

«. r< a i <i I;<": isa«os. Tn an attempt t", minimize confusion, the .iapanese L h<- or i c s
i > I I c n, s< ate<i I i rst i oiloved by Soviet theories wl th imago rtnnL' poini s



The first >, I. »i ficanz. theories on san~ > ..x.owth, repcoductio»., anu

migrations were presented by Hatanaka �956a, l9566! . These initial

studies indicated the Sea O' Japan aud the Pacific coast of the Japa.,-

ese Archipelago from latitude 25'48' N. to 43'19' N. were the two major

spawning areas. Eggs were collected nearly l.,000 miles at so:>.

Hatanaka's work indicated that spawning in the Sea ot Japa~ occurred

mainly in May and June whereas spawning in the Pacific Ocean occurred

throughout the year. Hatanaka reported that the suury attained sex-

ual maturity at 3 years and that a few survived to spawn at > year.'.

The smallest ripe females measured 25 cm in length  KL!; however,

females usually attain sexual maturity at a length of 26 to 30 cr  >I,!.

young saury were reported to congregate around the southern Japanese

islands, while adults migrated north dur'ng spring ano sumpter and

returned to the south during late summer, fall, and early winter.

' ater studies by other Japanese scientists indicated chat some

of Hatanaka's conclusions were apparently incorrect. The. most » co»t

and widely accepted Japanese theories on saury bioLogy  Naito, 196 /-

presented at Annual J'apanese Saury Symposium! are described below�

The western Pacific saury stock is divided into two distinct

populations., one spawning in the spring and the other spawning in the

tall  Hotta, 1960!. A mature female spawns from 1,000 to 4,500 eggs

several times during a reproductive season  Hatanaka, 1956a, Japan

Saury Study Croup, l968; Kimura et al., 196l!. The eggs are fert-

ilized and float near the surface where they typically become attached

to seaweed, feathers, or each other by filamentous threads. Investi-

gations in the Sea ol Japan and Paci'ic coast ot Japan suggest the eggs

hatch into actively swimming and feeding larvae in about 10.> days in



o
wn I or <> f' ?0 0  I lot ta and Fukush ima, 1963! . Newly hatched larvae average

mm iu h<><ly I eng! 0  Vusa, 1960: a]so see Figure 5! . '['he larval stage

I s consi<l< red to end when a length of 6 cm is reached about 180 days after

hatch.ing. llotta �958! demonstrated in his rearing experiments that juve-

n11.c saurv meas«ring;-~bout 6 cm in length grow to 20 cm within 6 months,

F ig«r<: 5. � � I c<ur s tapes of embrvoni c development nnd newly hatched
larva of the Pacific saury  af t.er Hatanaka, 1956a! .

10



Host Japanese scientists  Annual Japanese Saury Symposium, 1967!

presently believe that the spring-spawned saury become sexually mature

at about 2 years of age, spawn several times during the spring of

their second and third year with complete mortality following soon

after the last reproductive season. The fall-born saury also spawn

at 2 years of age, but do not survive to spawn a second season. These

conclusions are supported by age-length studies of commercial catches

taken during the fall  Figure 6-a!. Commercial catches were found

to be composed of 1!-and 2$-year-old spring-born fish and l- and 2-

year-old fall-born fish  Hotta, 1960; Odate, 1962!. The range of

length and weight measurements of the four groups that make up the

marketable catch are as follows; 1-year-old fish  mostly 20-24 cm in

length, about 45 g in weight!; 1$-year-old fish  mostly 26-28 cm and

85-95 g!; 2-year-old fish  mostly 29-30 cm and 135 g!; and 2$-year-

old fish  mostly 31-33 cm up to 155 g!  Table 1!. The flow diagram in

Table II summarizes the latest Japanese theories of saury growth and

development.

Age determination is considered extremely difficult. Mast

Japanese scientists  Annual Japanese Saury Symposium, 1967! presently

agree with the conclusions about the age of saury described above.

Additional evidence supporting these hypotheses was obtained by Sugama

�957! and the Japanese Saury Study Group  l967!, Based on scale and

otolith readings from saury caught during the fall fishing season,

two separate growth patterns have been detected  Figure 7!. The

"Type-1" otolith is found in small and large fish  believed to be 1-

and 2-year-old fall-spawned saury, respectively!, while the "Type-2"



otiloi i tlr is follnd in medium and extra large fish  believed to be 1-l/2 and 2-1/2-

year � old spr ing spawned saury! . Scale readings also support these theories on age

,rrrii growtir

Year IIIYear IIrear I

I b0
ar4I 10

ra «11Ill vr 111 vl Ix X 1 I 111

Year III Year IV lear V

1 111 Vr rrr rrr

P igrrrr 6. -- E.rowth in length of Pacif ic saurv as interpreted by
 A! .Japanese and  B! Soviet scientists. Shaded
rrrrrn tile COrreSpOnd tO f iSh ing SeaSOnS. The tWO lineS
in  H! indicate range of growth.  Af ter Hotta, l969c
;End Vaito, 1967 unpublished manuscript!

11ypotirescs Irdv;rnccli hy dapanese scientists to explain seasonal improvements

o f sourv of f tlIe Vac i f i c coast of Japan are complex  Kobavashi et al., 1968!

 I'1 gul cs > llnci I! . Iho spring- and fall � borIE saury both occupy coastal waters

but the fall-borrr saurv occur further of fshore. As previouslv mentioned, K imura

et al.  l'!58! reported th;It large numbers of saurv enter the Sea of .Tapan north of

Ho'rkaido and througlr the strait between Houshu and Hokkaido to spawn in the Sea cf

12



Table II.--Flow diagram summarizing the general developrmnt
stages of the Pacific saury  after "Japan Saury Study
Group," 1968!.

1,000 to 4,500 eggs spawned by individual females at each of 6
to 7 spawnings.Eggs have a dozen cords on one end and a longer cord on the side
vertical. to the l.ongitudinal axis, which typically become entan-
gled in or attached to floating or fixed objects.
Eggs are oval, 1.73 to 2.33 mm in length, 1.51 to 2.00 mnr in
diameter, and are typically transparent and colorless in their
earlier stages, becoming green-violet in their last stage. They
are slightly buoyant in seawater, having a density of 1.055.
The incubation period varies from 15 days at 15' C. to 10.5 days
at 20'C. Eggs will not develop in waters below 5.5'C.  biolog-
ical zero!.

RVAEre-larval sta e: 5.3 mm to 7.8 mm in length. For 3 to 4 days,
nutrient is derived from yolk,

ost-larval sta e: 8 to 25 rrlrr in length, Fin-rays and bones reach
adult numbers.

JUVENILE
25 to 60 am in length.

- Otoliths are formed and the first ring appears.
- Adult number of gill-rakers formed.
- Heads are shorter than adults.

Swiroming ability develops.

10 cm in length. Adult in external appearance but
rmsature.
0 - 23 cm in length  KL!. Gonad weight fluctuate
en size reaches 20 cm Known to carry eggs when
long, Sexes can be identified by the gonad weight
h measure over 10 cm in length.

considerable variation between schools.
rsal sta e: Saury 1ose weight as GM increases. Con-
f Vitamin A is translocated to reproductive organs.
ion to artificial lights noticeable in fish 28 to 30
! ~
to 30 cm in length. Nortality is high after

spawning.

13



 ! I.  ! I '. $ I
S.ale I iris'!+

I.ii t gc
; ri;i I I I.argoSmall

I:xt I a !,,'ireeMediumI;i ryeIc l  ilii

l' I uri.. 7 . -- ', !mIp ~ r i soi  if scales and Type 1 otol I ths from samaj 1 � � year-o Ld!
.in I !.nr gi: �-year � old! fall born saury with scales and Type ?
::. t!!'! i t b» from mediutv  f. 5 � year � old! spring � born snurv. The. table
corz i I i! te;. fish li n th  cm! with scale zing and otolith band fnr-
iiat ion for fal'.�  small and large! and spring-  medium and extra
lnrg -' ,borri saury,  Af ter Hatanak i, 105!f!a; Sugama, 1957, 19'!'3;

i9i- '!. and Hokkaido Saury Group, 1'�6!
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During the southerly migration in the late suamer and fall, large

saury may, but do not always precede the small fish because water

temperature conditions may temporarily disrupt the size-segtegated

migration, resulting in a mixed southward migrating population

 Kimura, 1956b!.

Recent Soviet reports on saury growth, reproduction, and

migration patterns are similar to the early theories and findings

of Hatanaka but. usually lack the details of the Japanese studies

  for annotated bibliography of Pacific saury studies, see Hughes,

1970!. Studies by Novikov �960! indicate that spawning occurs

throughout the year with peak activity in spring and fall.

Novikov states, however, that the spring- and fall-born fish do

not constitute two separate populations. He also reported that

saury reach sexual maturity at 3 � +! or 4 � +! years of age.

Saury captured from August through November 1958 are mostly 2 +

and 3 + years of age fish with smaller proportions of 1 + and

4 + fish. Commercial catches were mainly 25- to 31-cm fish.

 Compare Figures 6a and 6b for Japanese and Soviet age-length

interpretations!. Evidently, such of the difference between

Japanese and Soviet theories on growth arises from difficulty in

ageing this species.

The Soviet explanation for saury migration patterns  Figure

10! is less complex than the recent Japanese concept and mote

closely resembles the early theory presented by Hatanaka,

Novikov and Kl.yuev �958! reported that between August and

November the saury gradually move southward and concentrate off

17



central Honshu. Studies by Parin �960! indicated that adult fish winter in the

waters adjacent to southern Honshu Island and migrate north to the middle Kuril

Islands during the summer. Recent studies by Novikov �966! indicated that saury

migrate north from the southern grounds to the south Kuril Islands from June to

August, and commerciaL concentrations formed near the southern tip of Hokkaido in

September 1964. The latter observation was interpreted as being part of the south-erly migration down the coasts of Hokkaido and Honshu. 4 5P

40

35

30'

135' 140130'

Figure 10. � Soviet hypothesis of saurv migration. Dates from Novikov
and Klyeuv �958!; Par in �960!; and Novikov �966! .

Table III summarizes the noted contrasting theories on the biology of the

western Pacific saury which have been presented by various Japanese and Soviet

authorities.

L8



Table Ill. Summary of contrasting theories on the biology o!
saury presented by Japanese authorities prior to
1960, after 1960 and by Soviet authorities.

Central Pacific Stock

The following information summarizes existing knowledge of the

central Pacific saury stock.

Between 1955-59, research vessels oi the National Marine I'isheries

Service's Honolulu Biological Laboratory  unpublished data! collected

19



iniormation on the distribution, abundance, and size of Pacific saury

occurring in the North Pacific �0 N. to 47' N. latitude! from mid-

ocean �80"! to the west coast of the U,S, These data indicated the

abundance oi saury in the central sector �35 W to 165 W.! to be

reLatively low compared to western �65 W. to 180'! and eastern

�35 to west coast! sectors. Observations in the central sector

where information was collected from Nay through October revealed

scattered concentrations composed mostly of small fish �.5-17.5

cm!. Most of the large fish encountered in this sector were along

longitude 160 W. The presence of very small fish �.5-7.5 cm!

suggests that spawning occurs from Hay through October. In the

western sector �65 W. to 180 ! observations made from Narch

throu. h August indicated large numbers of saury. Throughout this

-tudy period, between 1,000 and 3,000 fish were collected during 1-hour

night-light stations. Size of available fish showed a more defin-

ite seasonal trend in this sector as smaller fish, 2.5-15.0 cm

predominated in spring and early sumpter, and fish of 25.4-30.8 cm

predominated in late summer and fall.

Eastern Pacific Stock

Although better known then the central Pacific stock, Little

serious attention has been devoted to the eastern Pacific saury stock.

The literature discussed below gives some insight into its distribu-

tion and oiology but few conclusions may be made at this time.

Soviet research ships surveyed the eastern Pacific saury stock

during 1958-59  Parin, 1960!. Xn winter, concentrations oi saury

were observed along the Pacific coast of North America between
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latitude 33' N. and 38' N., and a small concentration was observed 450 miles west of

the Oregon coast at latitude 45' N., longitude 137' W.  Figure 11!. From egg and larva

tows, this survey indicated that coastal waters between latitude 26' N. and 40 N. con-

stitute the main spawning grounds, and spawning occured chiefly from April to July.

Figure 11. � � Eastern Pacific stock survey

Another survey of the eastern Pacific stock was made by the Soviet vessel, ~0 on,

from February through October 1965 off the coast of the United States and Canade between

latitude 40' N. and 54' N.  Novikov and Kulikov, 1966!, No saury were located in June,

only small individuals were caught in July, and commercial quantities were taken in August

From August through October, between latitude 41' N. and 48 N., saury were found in an

area averaging 50 to 70 miles in width  Figure 11!. Saury distribution within
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this area was described as "irregular." The more dense concentra-

tions of sexually mature fish �6-30 cm! were found~ between

latitude 42' 18' N. and 44' 22' N. in water temperatures of 12.5

to 13.5 C. North af latitude 44 22' N., large saury �8-31 cm!

were found, but concentrations were less dense. South of lati-

tude 42 18' N., separate schools of small fish �8-22 cm! were

located. In October, adults were found in conasercial quantities

throughout a 13,000-square-mile area. The investigators described

distribution and behavior as similar to that of saury off Japan

and the Kuril Islands.

The NMFS research vessel, John N. Cobb, made a survey of saury

off Oregon, Washington, and southern British Columbia during August

and September 1967  unpublished NMFS cruise report!. An abundance

of large fish, mean length 23.2 cm, was encountered 30 miles west

of Destruction Island, Washington  Figure 11!. On this occasion,

a dense concentration of fish was observed continuously over a

3- to 4-mile band. Saury schools were also found 5 to 10 miles

west of the Oregon-California border.

Eberhardt �954!, Ahlstrom and Casey �956!, and Ahlstrom

�968! have reported on saury within the California Cooperative

Oceanic Fisheries Investigations! area off California and Mexico.

Eberhardt's study, from 1950 to 1952, indicated that a large

population was present and was most abundant during fall and winter.

Ahlstrom and Casey have reported a detailed, month-by-month study

of the distribution and abundance of saury eggs and larvae, as well
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as visual sightings of adults. Their data su'ge..t that oif

California, adult saury are most abundant in November  Ahlstrom,

NHFS, La Jolla, Calif., personal communication, 19' 9!, Corres-

pondingly, Smith, Ahlstrom, and Casey  in press! report that in

the CalCOFK area saury are most abundant from late August to

December.

In the CalCOFI area, saury eggs are present throughout the

year, but 92 percent of the total were collected during February

to July and 65 percent during April, Hay, and June  Ahlstrom,

1968!. Based upon egg data, Ahlstrom estimates the adult

saury population in the eastern North Pacific to be at least

450,000 tons. Ho~ever, he notes that visual evidence of abun-

dance and stomach analyses of predators suggest that the pop-

ulation actually may be several times larger than estimates

made rrom egg data. No estimate of maximum sustainable yield

is available. However, if the population structure of the

eastern Paciiic stock is similar to the western Pacitic stack,

where the Japanese have estimated the maximum age to be 3 years,

then one would expect the natural mortality rate to be quite

high. This being the case, HSY of the eastern Pacific stock

 based on Ahlstrom's estimate of population, size! would be at

least 200,000 tons  Pereyra et al., unpublished plannir g docu-

ment!!.

The NMFS Honolulu Biological Laboratory cruises conducted in

the eastern sector of their study area �35' W. to North American

west coast! included the period from spring through late fall.



During the summer  July-August!, corresponding with the northward

shirt oi the 13 to 18' C i.sotherms, the locations of saury obser-

vations also shifted northward, The bulk of the observations as

well as the larger concentrations of fish were between 40' N. and

47 N. latitude. Most of the sightings were of fish 2.5 cm to

10.0 cm ion;;, but a few fish in the 25.0 cm - 35,0 cm size group

were also present. In late fall  November and December! the

sightings were concentrated between 32' N. and 43 N. latitude.

Saury oz rhe 30 cm size group were most prevalent during the fall.

The data suggests that spawning occurs between 32 N. - 43 N. and

13>' i.. to the North American west coast at least from May through

August~

ECOLOGY t' ND BEHAVIOR

Japanese and Soviet authorities  Annual Japanese Saury Sympos-

ium, 1967 and 1968! indicate that the distribution and behavior oJ

saury are strongly influenced by environmental conditions, partic-

ul.arly water temperature. Knowledge of the saury's reactions to

changes in water temperature is important in predicting general

mi'ration patterns and shor t-term movements.

Effects of 'water Tem erature on Hi ration

Saury are sensi~ ive to water temperature gradients throughout

thei» life cycle  Hatanaka, 1956a! . Larvae less than 29 mm in length

are usually ~ound iu waters of 15 to 25' C  average 17 C!, whereas

lot v-iu I,nr,:er th.n 3U mm occupy waters of 14 to 18 C. Saury larger

tha.i u0 mm occur . n i.uter temperatures of 7 to 23' C; however, large
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concentrations usually occur at temperatures o f 17 to 10' G.

Spawning takes place at temperatures of 10 and 22' C.

Temperature gradients, both horizontal and vertical, largely

determine the geo raphical range and depth of saury concentrations

 Fukushi ma ~ 196 2 ~ and Zusser, 196 7b! . The maximum depth in whi ch

saury are found is regulated by prevailing currents and thermal

stratification, but Pacific saury usually are not found deeper

than 60 meters. This species also prefers to congregate in waters

near sharp thermal gradients such as the California and Davidson

Currents in the eastern Pacific  Novikov and Kulikov, 196m; Parin,

1960! and the two oranches of the Okhotsk Current in the western

Pacific  Zusser, 1967b! . This preference may be related to the

abundance of food in these areas resulting from upwelling, rather

than thermal conditions  Parin, 1960; Zusser, 1967a!. Sharp thermal

gradients that temporarily bisect migration routes, however, often

stop or severely impair fish passage  Kimura, 19.' 6b!. This phon ni;-

< non has been noted several times in the western Pacific and is a

very important factor in forecasting fish abundance in an area

 lukushima, J.958, and Zusser, 19676! .

Strong w'nd which create the upwelling conditions responsible

Loz Lhf' sharp thermal gradients af lect the location o x i.eedin

grounds and migration patterns  Parin, 1960!. Such winds oiten

result in highly concentrated aggregations oi saury, whereas weak

winds or winds that dissipate existing thermal gradients result

in widely dispersed saury schools. The catch rates of Soviet and
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Japanese vessels have been shown to be related to wind intensity,

direction, and to the resulting thermal gradient patterns, Steep

thermal. gradients resulting from prevailing south winds in the

Japanese and Soviet I;ishing areas are believed responsible for

high catch rate .  I'ukushima, 1958; Novikov, 1966!.

Deil Vertical Mi rations

Studies in <~ e western Pacific have indicated that adult

saury generally are found at depths between 30 and 70 m during

daylight  ;?usser, 1967a!. Stomach analyses hove indicated that

during this period the fish feed mainly on copepods, fish eggs,

and l.nrvae, :~.u i-'.e megalops larvae of crustaceans  Hotta and

Odate, 1956!. At sunset, the feeding rate diminishe.. end the

suury mi,,rate to surface waters, where they stay during darl ne s

 Zi.s~ev, l".6.;; t':,Lte and Odate, 1956!. Numerous small aggre-

gations often merge near the surface during the early hours oi

darkness to iorm masses of fish that may cover several square

miles. If food has been abundant during the previous day, the

fish do not feed at night  Zusser, 1967a!. At sunrise, the fish

again descend into deeper waters, the aggregations may break up,

and the fish resume feeding.

Schoalin end predators

Although ssury may form dense schools under natural conditions,

this is not considered a typical behavioral characteristic of the

species. During hours ox darkness, saury more typically form

rather. " loose" ag.regations on surface waters. Such concentrations

are often oL a single year class  Hotta, 1964c!. Japanese fisher-

men characterize saury concentrations in the following manner:
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�! Nagashi  Cruising!: Fish swimming in a same direction in a
~ell-coordinated manner. These groups are easily spotted even
in daytime, and are preferred by fishermen for harvesting.

�! Shirami  White Spots!: Fish observed by the white spots on
the surface of the ocean due to sporadic uncoordinated tish
movement at the surface level. Nore difficu1t to ooserve

during the day and usually yielding marginal amount oz
harvest.

�! Hane  Jumping!: Excited groups oi saury jumping into the air.

�! Soko  Bottom!: Groups near the sea bottom. usually observed
by Sonar or echo sounder only. Other names: Bochi, Tsubo,
etc. 30-70 m deep.

�! Hamonomawashi  chased by Jack-knife!: Groups or saury being
chased by predators. Easily attracted and caught,

In the eastern Pacific, marine mamsals and predatory fishes have

been observed to feed on saury. Gill hand Hughes  in press! observed

of saury during daylight hours off Point Reys, California. The whale

was subsequently killed and examined. Its stomach was filled with

saury along with a small quantity of unidentified euphausiids.

Individuals, from the estimated 500 pounds of ingested saury, ranged

in fork length from 6 to 29 cm. Fiscus and Kajimura �965! reported

that saury ranked sixth in importance as a food species for the fur

seal Callorhunus ursinus off California. Stomach contents or 32

marlin caught near San Diego in late summer of 1951 showed that

Pacific saury constituted about 75 percent or their diet  Hubbs and

Wisner, 1953!. Clemens and Wilby �961! reported that albacore tuna

feed on saury, and fishermen report that captured halibut and

mackerel often "spit up" saury.
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I:tmbria! garaging for aanry that had concentrated at night beneath

floodlights o f f the Washington-Oregon coast dur ing August-September

of l967. The stomach contents from representatives of the three

predatory species confirmed the observation.

Res onse to Artificial Li ht.

At night, at the surface, saury will fcam dense schools under

artiiicial lights. In the western Paci.fic, saury are apparently

attracted to lights on! y during their late summer and fall southerly

migration. The horizontal and vertical areas of attraction are

dependent on light intensity and color. Saury show a positive

response to an intensity as low as 0.01 lux; they remain for a long

time in the zone oi 150 to 200 lux, they remain for a few seconds

in the zone o 600 to 800 lux; and they avoid zones of more than

o00 lu.. |,Sideltnikov, 1966!.

Saury were observed to be sensitive to wavelengths between 390

millimicrons and 770 millimicrons. The response to light, however,

may be partly because of the availability of food  copepods, amphi-

pods, euphausiids, etc.! under or near l.ight.. This is based on the

observation that 'aury that are not hungry are said to have poor

"hitsuke"  attraction to light! and also by the fact that below certain

depths, light does n,!. seem to attract saury as readily as might

normally be expected. The experirmnts upon which these observations

are ba ed werc conducted by Ibaragi Preiectural Experimental Station

in 1967.
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owing to the absorption coefficient of light in water, white and

blue 'ights penetrate farther than red light. By the use of white,

blue, and red attraction lights, saury can be lured into respectively

smaller areas and closer to the surface, thus increasing school

density  Chiba Perfectural Fishery Research Base, personal communi-

cation, 1968! .

Behavior Durin S awnin Period

Although sexually mature saury continue feeding during the

spawning period  Kotova, 1958!, ripe fish are not attracted to

alluring lights  Yamamura and auto, 1962!. This phenomenon is

believed to be related to a lack of Vitamin A content in the eyes

during the spawning period.

Saury that are ready to spawn actively seek floating algae

and debris in the open sea. Ayushin et al. �967! showed a direct

relation between the abundance of floating debris and the abundance

of spawning saury on the spawning grounds. In an attempt to improve

he reproduction conditions for saury, Soviet investigators scattered

bundles of straw on the sea surface in a spawning area. They noted

saury laying eggs in the straw-covered area during the day. After

12 hours, the bundles were retrieved, and as many as 4,000 eggs per

500 g of damp straw were counted. Saury have been observed to spawn

during the entire 24-hour period with peaks of activity at midnight,

early morning, and midafternoon  Kimura et al., 1958! .

29



HARVESTING TECHNIQUES

Most of the information presented in this section was provided by

Japanese research institutes and industry representatives which the senior
author visited during his stay in Japan. Much of this information is un-

publ i shed, It was provided verbally and as informal reports and blueprints.

BRIEF HISTORY AF SAURY FISHING GEAR

Japanese fishermen and scientists have developed most of the harvest-
ing tech» 1 r!»e. employe'I in Asian saury fisheries. Such techniques were

«sua1! y desi gned to take advantage of one or more of the fol lowing behav-
ioral charac terisci cs of this species  Fishing Vessel Research Laboratory,

Tokyo, pe rsona1 comm»nic at ion, 1966!,

�! Format ion o! surface concentrations at night.

�!» t r r ac t i on to float ing ob ]ects  during spawning period! .

 ~! Ab. 1 i ty to hear predators and other saury feeding.

�! At bra< Lion to artificial lights  during part of their

li ie ~ ycle!

liachida-Ami � h7'3-1680! .--This first known commercial saury fishing gear

was a trawl ing lift net constructed of cotton fiber  Figure lP!. It

measured 100 to 200 meters  corkline length! and was pulled by two

Japanese- s t y1e woo~! en boats . This technique  Fu j inami et a'1 . ed s .,
1'58! «t i 1 ised many of the basi.c concepts presently employed in the

popular st irk-hel d dip net

Straw � Mat Method  l 793 � present! . --In l793, a method of catching spawning

saurv bv hand, !.nown as the "straw-mat method," was invented in Japan, Al.though

this harvcsti~g technique is used only for spawning f ish, it is still seen

practiced in the Japan Sea during the spring when more modern techniques are

not us ef ul .
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Figure 12. � Hachida-Ami

Fishing is conducted from a small boat anchored in the spawning grounds.

The mat, measuring about 3 m. by 1 m. is floated beside the boat and supports

seaweed which hangs in the water to create a favorable spawning environment.

Fishermen grab saury through holes cut in the mat as the fish lay their eggs

on the seaweed  IIotta, 1964c!. According to Naito  Kushiro Prefectural

Fisheries Laboratory, personal communication, 1968!, a fisherman may catch

up to 5 fish each time he reaches through the holes. A small scoop net

made of a blue nylon fiber, 45 cm. diameter scoop and a 1 to 1.5 m. long handle

has now replaced bare hands.

The commercial quantity of saury harvested by this method has never been

significant. Their quality is also considered inferior to fish caught during

feeding season.



Saira-Oami or R ri-Ami IS20! .--This gear was an improved model of

 .he Ha~ hida-Rmi and more closely resembled a purse seine  Dr. Fukushima,

personal communication, 1968! . It was operated from two 10-ton wooden

vessels, each manned by 3 to 4 persons. The cotton net measured over

1,300 m. in total length and was composed of three parts: �! the

~;ings  Nichi-Rmis!, the bunt  Kama-Ami! and a reinforced section of the

bunt  Uodori! from which the catch was brailed  Figure 13! ~

1'i,,urn 11. Rgri-Ami �0 sections, 43 m. each!
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Nagashi-Ami  ] 8'>8-present! .--A commercial saury gill net was deve] oped

by tl . Chiba Prefectural Fishery Experiment Station in ]8'>8. It's con-

struct. ion and operati.on is similar to American commerc ial sa]mon gil1

nets  Figure 14! . Or iginally, nets were composed of several sections

Figure 14. Nagashi-Ami  Japanese saury gi] I net!

and measured approximately 4 meters by 900 meters. Porce]ain or lead was

used to weight the bottom edge, while pieces of paulownia-wood  Aba! 20 cm.

by 6 cm. served as f]otation for the corkline.

Nets were operated from small �5 ton! motorized vessels, which

f i she.1 2 ' o 30 miles of f the coasts. This gear was set at sundown and

recovered short! y after sunrise. Catches of sa»ry averaged about 1 ton

per set. Ouring years of peak fishing effort, the annual Japanese gill

net harvest ranged up to 10,000 tons.

I»proved nets of synthetic fiber called "Amilon" and foam p} astic

floats are still being used today to catch saury in some regions of

Japan, and in South Korea .
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to ar tificial light was accidentally discovered by gill-net fishermen

when lanterns repl aced flags as net markers. Because unusually large

ca tches were tak< n in the 1 i ghted areas, much e f fort was devoted to

cp f ininr ] igrht «tt ra<.tion techniques.

The «t i 1 i san iOT7 Of fiah-alluring lightS far attraCting fi ah iS

attributed to Yoshiro Nurakami of Chiba Prefecture. The technique was

f i.rat used commercially for sardines but was later adopted for saury

fishing,

Fxperiments with submersible fish-alluring lights have been con-

ducted by the Ibaragi Prefecture Fishery Research Laboratory. Fxperi-

ments conducted in 1967 demonstrated that while submersible alluring

lights do attrac  saury, schools fail to surface when the lights are

raised .  Alluring light systems presently used by Asian fishermen are

<iiscussed below!.

hoke � ': i  ~1'~37- resent!.--The Boke-smi or stirk-held dip net method o 

saury fishing was invented by fishermen in Chiba Prefecture in 1937 and

was fii st used commercially in 1938  Figure 15! . It is most ef fective

i, hen used with alluring lights. World War II regulations prohibited the

use of 1 ights, and it. was not until 1949 that this method became widely

ac<.epte<1. liowever, the method was so superior to older methods that by

j 9'30 near I y all .japanese saury vessels were equipped with boke-ami gear.

The:,ear and its operation will be di.scussed in deta il belol . Figure 16

shows the six basic steps of bake-ami fishing.



Alluring
l ig

Sc arch

I ight Figure 15.� � stick-held dip-net  boke-arni! shown in a partially
hauled position beside a .Tapanese-style saury vessc l
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Step 1 Step 4

~Searchin for schools
All lights on. Net up,

Step 2

~Gatherin schools on starboard
Fishing and search lights on.
Net lowered.

Step 3 Step 6

Figurc. 16. Six basic steps foll. owed in the boke-ami fishing operation.

~ :uidin .: .heels into nct
Lights on and off in sequence
around tht. vessel.

~Enclosin the schools
Net side lights on.
Pursing the net.

RE1! 1 [4~1S ONLY

I X'/le '�~
Step 5

~Haul in in net shile ~arherin
other ~seer
Lights on for nev schools,
Net pulled toward the vessel.

~Hairpin the catch aboard
Fish concentrated on starboard
ready again for step 2.



"Im roved" Hoke-Ami Methods.--An "improved" stick-hei<i dip net was

proposed and patented by Fukuhara, 19<'<7  Figure 1 7! . [t consisted of

a bag-shaped dip net with sticks joined to the vessel vi.! «niversa]

joints . Operation of the gear is easy b«t not rccommende<i in > o<!gh

weather .

Fukuhara Boke-Ami.  A! Net secured while vessel
searches with fish alluring 1 ights and search-
lights on.  8! In fish harvesting position < ith
net lowered in waters.

Figure 17.

Since 1967, Ibaragi Prefectural Fisheries Research l,aboratory has

also been experimenting with their so-called "curtain-type" dip net

which can be drawn together to the center before being lifted on board

the vessel. This labor-saving net has been implemented on their 200-

ton vessel.

Other recent improvements include nets of nylon ins tea<i of cotton,

fluorescent lamps where incandescent lamps alone are too inc f f icien<,

use of hydraulic side-rollers to dry up the catch, improved navigation

equipment �-station Loran, sonar, facsimile, radar, etc.!, an<i the «se

of fish pumps and automatic fish sorting machines.



Elect.co~fishic .--.':,ovict fishermen have vacantly designed and tested an

elect.ro- f ish ing technique for capturing saury  Commerc ial Fisheries Review,

! 965a! . The gear in!-ludes: �! alluring lights, �! a suction pump, and

�! a direct currenL electric field  Figure 18!, When a school of saury

is «ncounth re!E, t he suet ion pump is p] ace<1 in the water alongside the

vc sse I . The a] luring lights �00 w. red lights! are positioned 0. 5 to l ms

above the waL. r direct.ly over the center of the pump. When the saury are

Figure 18. U,S.S.R. Electro-Fish-Pump Fishing
 a! With Electric Field  Sakiura, 1968!
 b! With a Lift-Net

attracted under Lhe lights, direct current is applied between two steel

catho!Ees anrl Lhe suc t ion pump which serves as the anode. The saury

respon<E Lowe> d the «node ol the direct current pulsed system and are

primpc!l 'lbo frfE . t L wtns reported that a medium-siczed SovieL trawler took

s101 e LE!an 'l0 L..o;:: o f sour y in 1 2 days an!1 20 tons in one night using the

«E~ove tlfetE>o!E . tl l Elotfg?l tl~is experiment was reported near] y six years ago,

report s of furLhcr development are not availab?e. Despite suggestions

that. the - } ec L r o-f ish in;, technique is operational, t?te Soviet saury fleet

sti E l uses Ll>e sti! k-hei!E dip net as its standard gear.



JAPANESE BOKE-AMI VESSELS AND GEAR DESCRIPTION

Boke-Ami Vessels.--Japanese vessels which fish with boke-ami gear

during the saury season usually participate in several seasonal fish-

eries. The particular choice of activities undertaken by a vessel

depends on its design, gear, and home port. To exemplify this diversity,

the of f-season activities of 206 vessels from Hokkaido  the northern

island of Japan! were surveyed. The analysis indicated that 84 percent

of the Hokkaido saury vessels also participated in salmon fisheries, a

figure considerably greater than the national average of 46 percent.

Most salmon-saury fishing vessels restrict their activities to

salmon and saury, but others may participate in three or more fisheries.

Table IV illustrates the typical fishing schedules followed by saury

fishermen in four different regions.

Table IV. Typical fishing schedules of Japanese vessels from
four prefectures which engage in saury fishing

Eight years is the average economic life expectancy of wooden saury

vessels, while over 15 years service is expected from steel vessels.

However, in the Japanese saury fleet vessels more than six years old are

rare. Par example, Nito-14laru  the saury research vessel of Ibaragi



Prefecture, constructed in 1962!, was the oldest of 45 saury fishing

vessels  all over 150 tons! based in Nakaminato in 1967.

Because of competition for good crews, a modern and large saury

vessel is of ten equipped with a crew's dining room  a legal requirement!,

a recreation room with TV and stereo, and improved living quarters with

baths, washing machines, etc. Advanced electronic equipment �-station

Loran, horizontal and vertical sonar, etc.! and new hydraulic labor-

saving machinery  such as a side-power roller, and an S-gang line hauler!

are also standard on newer vessels. These, in addition to higher wages

 salary plus commission! and various fringe benefits are needed to

maintain an adequate crew.

Vessel construction and s ecifications.--Since 1960 steel has begun to

replace wood in hulI construction because of its greater resale value

and reduced maintenance  Dr. C. Soke, Mitto Shipyard Co., Miho, Japan,

personal communication, 1968! . Wood construction, however, is favored

for smaller vessels �0 tons or less! and i.s very popular among the

combination coastal saury and squid Jigging vessels . Constructing wooden

vessels of 170 tons or more is becoming financially impractical because of

new marine safety and labor regulations.

A 1965 survey of 16 randomly selected vessels from Zbaragi and

Fukushima Prefectures, revealed that 10 were steel vessels which averaged

1.4 years old, and 5 were wooden vessels which averaged 5.0 years old.

The Japanese fleet stays modern because three to six-year old vessels are

usually sold to other Asian countries.

In 1967, 942 vessels totaling 60,151.86 tons, obtained permits to

fish saury in Japan  Table V!. Hokkaido had the most vessels, but
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Fukushima Prefecture led in total tonnage. lbaragi Prefecture har! the

highest average tonnage per vessel �27!

Table V.

Pre feet

No. of

>Total t

! .v.tons

217 �83!
92  83!

307 �0?
8 �!

27 �7!

l  I!
0 �!

3S �3!
4 �!

26 �6!

99  85!
26 �2!
34 �2!

0 �!
0 �!

8 �!
22 �0!

102 �02!
0 �!
0 �!

in sa>>ry f isb in«,The number of vessels which have actually engaged

shown in parenthesis in Table V. Of the 41 vessels in the l0-20 Con

class which obtained permits, only 22, or 53.6 percent, actual l y profi ted

bv fishing saury. On the other hand, 100 percent of the vessels larger

! han I >0 tons profited. The 12 Hokkaido vessels which re�istered b«t did

not engage in saury fishing, probably turned to pole-and-line fishing for

squid.

Commercial l icenses and season open{ng dates vary, depend in«, on

vessel tonnage. No permit is required for a vessel sa»ilier than l0 tons.

Opening dates were moved ahead in 1967 because of !.he ear I ier opening

date in the Russian saury fishery. However, the Japanese saury season

now opens between August I and 20, depending on vesse! size . R> «,«1 oc i ons
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!No. of v

'l 0-20 to

!20-30 co
30-40 tons

!
40-50 Cons

50-80 tons

~80-100 tons
100-150 tons

,over 1 >0 tons

Size composition of Japanese vessel s which were
licensed to fish sa«ry during the l 967 season,
Numbers in parentheses indicate n«mbc r of vesse I s
that actually fi shed.



al low sm ~1] vc sscl;: to begin fishing earlier than large vessels.

Because saury I ishing is conducted by combination vessel s, consid-

erable vari at ion i.s found in their design and specifications. The

I nil owing data are characteristic of most such vessels

hi xe: -I.en,;th: 1-~.5 m  typicaI 1 y 25 m!
-Tonnage: 10-250 tons  typicall~ 100 tons!
-Carrying Capacity: 60-6,000 m, �,500 m. typical!.3

Power 1'1 an L s

->1a in I',n;~ I ne; 60-1,000 HP
-isuxij inry Fn< i nes; 2 x 50 IIP diesel or over
-1'l ectric Po~ er Generators: 2 x 30 KVA or over
� Speed: "-14 knots

Tder k 1 ayo»L I'Fig ire 1 0!

-I:ish hatches on forward deck
- "r i~1;, e aL the center of the vessel
-:rew quarters near stern

Fi gu e ' '. Spa<. e util ization on a typica1 .Tapanese saury
vessel



The minimum vessel requirement s for s t ick-held dip net t ing are'.

Adequate space on deck to maneuver the dip net .

2. Provisions for installing fish al.l«ring 1 ight».

3. r>dequate storage space for the catch. The f ish hol d is
usua] I y sectioned into compartments and re fr igerate~'.

4, Two sear chl ights � kw and 3 kw, though a 7. ~ kw «nd
kw combinal ion i» pre ferred on large vessel s.

spanker.

6, . sea «nchor

7 . ."kuril iary engines and generators for allur in.", 1 i:,ht
requirements  the legal wattage 1 imit on ai.lu»i ng
lights is 30 kw! .

8. Radio communic ation,

9. Masts.

-Bow: Tripod or Torii  Japanese Shinto shrine i,ate!
w ith one boom.

-Stern: Single mast.

-No boom but with provisions f or using «»panker
 there may be a separate spanker mast! .

Many Japanese saury vessels are equipped with Lhe following navigation
, nd communication -,'n.struments:

Electronic Equipment:

Two or three "cation Loran �00 miles day range: 1,000 mi le» ni,.;ht

range! .

Thirty to forty-mile ra~ge Radar

27 MHz rad io direction finder

Automatic Radio Direction Finder, ? 50 KHz Lo 3 %lz or above

Sonar

Electric Temperature Gauge



t.'o<n~<i»ni < at ion I'.qiiipment:

M»in 'I'r ansmi t t er and Receiver with 14 or more channels

Si condnry Sing1e Side Rand 8-channel Transmitter Re< civer

One or more aiu1 t i-band Receiver and Facsimile Band Receiver

Si ngle Side IIan<I Trttnsmitter and Receiver

F, csimi le iteceiver for weather map, fishing area forecast

an<  ott>ex n< ws

lnt ercom, tlat] I<ie-Ta!kie, etc.

1'i sh Al 1 iir in !.i ht. S stem.--Lighting equipment and techniques for

attract:ing sa»ry have been highly refined for use in the Asian lift net

 boke-ami! fisher ies. Specifically, various ! ighting techniques are used

t o locate surface schools of saury, attract them to and concentrate them

aro<ind the vesse1, an<I finally to position and hald the fish for capture.

iccor<tint I y, the success of this harvesting system is dependent upon

s»cc. essfii! ! ight-a11»ring procedures.

.',1t.ho.igh the type an<I placement of 1 ights varies considerably with

v<is.;ei desi gtt  I igiire ?0!, al1 vessels operate under the same basic

<-one opt:. Lit,hts are evenly spaced along one side of the vessel, which

I'inure 20 . I i ght. arrangements in Soviet and Japanese sau
vessels.
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.:< rvts;<s t h<. fislt I.;»ther ing are a, and amidships on the opposite net side.

I;tr,;< r v<.s..< ! s,;t<l<1 I t ional l I @itis tr< usual 1 y p1;t«d <hatt tits forfar<I <I» <r-

  < r <t I th«n< t;; I<I<, 'I'lt<ts, f isl> co» l>«tt<ir< « t., I I y iI «I I <»<tt I h< I i.-l< t',,<! I«< I »<;

s id« to ml<lslt i lis on I. It«»et s ide t>y s< el<<«<t t I »i ly t ctr» I »p, I I ylt t:; on;»t<I <t I I .

'I 'I C! 9 ' A I

Figure 21.-- Light standards typically used on  A! .Tapanese and.  8! Soviet
saury f ishing vessels.



On larger vessels, power for the lighting systems is sually supplied by two

60 KVA generators. A 220-volt system is used on most Soviet vesse1.s, but Japanese

vessc1s prefer to drop t'lie voltage down to 100 volts in the lighting circuits

for safetv reasons. The .Japanese government is attempting to enforce a 30 KW

1imitation for fish alluring lights used at any one ti.me, regardless of vessel

size. All lighting circuitery is controlled from a master switchbox mounted

on deck and controlled by the fishing master.

Various types of alluring lights are wired in banks and attached to light

booms  Figure 21!. Hooms are of wood or steel and range up to 30 feet in 1ength.

When fishing, the booms are oriented outboard from the vessel at. an angle of 30

to 45 above the horizontal which usually places the lights 9' to 12' shove

water.

The most popular fixtures on Japanese vesseJs include 500 � watt, 100 � volt

incandescent lamps mounted in reflectors and Slue or blue-green 20-watt, 100�

volt fl.uorescent lamps. Because of the 30 KW lighting limitations placed by thi

government to avoid unnecessary competition, the more efficient fluorescent

lamps are gaining popularity. Fluorescent lamps also have a shorter wave-length

and thus can penetrate the water deeper because of lower absorption coefficient.

Vessels equipped with incandescent lamps have been observed to switch on both

auxi1iary generators to increase the voltage and obtain a higher color. temperature:

howev~ r, this shortens the bulb life.

Figure 22 il Justrates various lighting equipment used on Japanes~ saury

vessels, Sealed beams similar to automotive headlights and mercury vapor lamps

have also been considered for possible adoption, The arrangement of fish alluring

lights on a typical Japanese vessel. and the maximum potential wattage of each

light hank is presented in Figure 23.
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Fi,wi e .''3,-- A typi.cal arrangement of fluorescent. and incandescent
lamps on a saury fishing vessel-
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Although the sum of the power required for all lamps does not exceed

the 30 kw legal limit, al1. the lights are rarely on at the same time. The

red l.ights on the dip net side  portside on most Japanese vessels, and

starboardside on most Russian vessels! are used to bring to the surface

saury which have been attracted, since the absorption coefficient in water
l/

is greater for red color than for blue-white colored lights.� Some

vessels use dimmed blue lights in place of red lights. The requirement,

in any case, is to hold the fish near the surface between the net and the

vessel as the web is hauled under and around them.

The arrangement of fish alluring lights used on the Russian R/V

PP ~Pelham da and rhe position of the hoke-ami as it relates to the location

of fish alluring lights is shown in Figure 24.

Figure 24. Arrangement of fish alluring lights used on Soviet R/V
PP ~peram da.

1/ The absorption coefficient for red light in fresh water �50-700 mili-
microns! is abo~t 0.5 per meter, while that of blue light �50-500
milimicrons! is only about 0.04 per meter.



The Boke-Ami and Auxiliar G ar.--The boke-ami or stick-held dip net

equipment purchased in Japan is given below.

Boke-ami dip net and brail + lsl>0,000  $3,194!

v 600,000  $1,667!Fish alluring lights  not
inci. the generators!

800,000  $2,222!

V 350,000  $ 972!

Power side-roller

Six-gang winch

+ 2,900,000  $8,055!TOTAL:

The abave figures are based on the offici,al exchange rate of V 360 to

$1.00.

The size and to some extent the materials and design of hoke-ami

nets vary with vessel size and class. A simply constructed net, used

mostly on small vessels, is shown i.n Figure 25. A more elaborate net

commonly used on larger vessels is shown in Figure 26~ and a Soviet

boke-ami.  Andreev, 1962! constructed of two mesh sizes, is shown in

Figure 27. Photographs in Figure 28 show a Japanese net attached to

the bamboo float poles, purse rings used along the ends of the net,

the leadline, and various sized meshes and strips of web in a boke-ami

system is used by all nations involved in the Asian saury fisheries.

Some of the other harvesting techniques previously mentioned are still

employed, but their use is very limited. At least 98 percent of the

total Asian landings are made with the boke-ami. Although this gear is

relatively inexpensive and easily installed on many classes of vessels,

the fishing operation itself is extremely labor intensive.

A cost estimate for equipping an 88-ton saury vessel using Japanese
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20 m

22 Pi

i:igure 27.� � Design of the boke � ami used on the Soviet research vessel
PT Pe~mam da,
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'! R bamboo  9 m each! and
9 polyethene tubes � m!

'iet border

rope  9.3 mm

Mire Rope

12.5 mm dia.

Hanging Rope
17 mm dia.

Purse-rings
16 per side
80 mm dia.

Haul-line

45 mm dia.

Pull-wire

60 mm dia.

Net-frame

22 mm dia.

s l.c3wer'l,ng
35 m long
Circ.



0

OQ 0
C 0 C

Gl
Q

O W
0 4 ~ 0
N~mgvJ

0 C
0

L 5

0
W
tg rl

C < 0'
Q

0 Q Q
Gl~ 4
Q cG 0

0
Cl CQ

C
G
Ql ~

W 4J

C
0

Q
QJ W
Q

> 0

C C Q QJ
O'A C C

0 QJ 4J
c>ADA

OG u

P 0
0 0

Ql
Ql 4J U! V!
ill '0 0

� C C
tO S
DO w

Q 8ill
Q

00

'0 0 C  ll
0

I

A Q C 05
C4
CIJ

'.  '3

p~

'33
0 C 0

0
~ 3-l

cj

I

l/l

0
4J
lU

0
0 al

gJ
col

0

 ll 0
g m

ca 0

~ 3 l

0 0

N
0~ A

8
9!

0 ill
0-

4l
M 0
Q

0
4J g
0

W

0

'0 QJ
0 %

CO
0 0
C 0

4J
CD

Q K
C
0 m

0
0

333 33

53

"!'~3g.,' '�j<;, "Z. ",g',

92

l3,

' ' Yi' i'",

0 K
~ 6 OJ
C

3

V
Ql

0



Men the boke-ami is set, the bundle of bamboo poles-  Figure 28a!,il

supports the weight oC the net which hangs vertically in the water as

a curtain of web. When not in use, these poles and the attached net

are secured along the vessel's rail by a pair of snatch hooks supporting

the ends of the poles  Figure 22a! . From i.ts stored position, the boke-

ami can. be quickly set by releasing the snatch hooks. Figure 29a shows

the hook in position.

Additional gear used with this harvesting system may include a 6-8-

gang line hauler, a net side roller and the brailer. The line hauler

and net roller are mechanical labor-saving devices which have only

recently been employed in this fishery  Figure 29b,c!.

After the net is set and pushed away from the vessel's side, the

leadline is pulled up and toward the vessel by a series of lines to

form a blanket of web between the bamboo poles and the vessel. Although

these lines are still hauled by hand on some vessels, a 6- or 8-gang line

hauling winch is faster and reduces labor requirements  Figure 30! . An

even more laborious task is pulling most of the net aboard the vessel,

thus confining the catch to a small pocket of web for brailing between

the bamboo poles and the vessel. Labor requirements for this task have

been reduced by the use of the power side-roller  Figure 31! .

1/ Plastic pipe has been used experimentally by both Japanese and Soviet
f ishermen.

>4



a. Snatch hook.

b, Pj ght-wi re wean  h,

c. Power side roller

Figure 29.-- Various au! illary gear used in boke-ami fishing.



X: crew member

C: Captain or fishing
master

W: deck watch

E: engine-room watch

Figure 30.-- Labor required to pull the leadline of an average sized boke-ami
up and to the vessel with the aid of an 8-gang line hauler.

Figure 31.� � Labor required to pull excess web aboard prior to brailing
 A! without and  E! with the aid of a side paver-roller 1

Manufacturers claim this unit reduces crew requirements up to
40/, decreasing hauling time by 40-50X and prolonging net
life expectancy at the same time.

1 Asahiyo Sangyo Kabushiki-Gaisha, l-l Nihonbashi-honcho, Chuo-ku, Tokyo, is
one of the makers of side-rollers especially designed for saury vessels.
The reversible hydraulic system costs about 1,450,000 yen for a 30-50 ton vessel.



The final piece of auxiliary gear required in the boke-ami  isiling

operation is the brailer or Tamo. As in many other f isheries, this

hrailer ia oper ai ed frOm a bOOm and i S uSed tO tranS er tile C. utch frOla

the net to the fish hold. Japanese saury hrailers are usually 1-2 m.

in diameter and «re tied off with a puckering string.

BOKE-AHI FISHING OPERATION

Although fishing is conducted only at night, saury vessels run

during daylight hours, recording surface temperatures in an attempt to

locate areas of sharp thermal gradients. Plankton sampling can also help

locate saury since they feed primarily on certain forms . The presence or

several copepods  Calanus plumchr s, C. cristatus, C. fenmarcbicus,

Pseudocalsnus sp , Paracalanus parvus, Corpcaeus sp., Labidocerc sp.,

Omcaea sp.! and amphipods  ~Coro hium crassicorne, Thermisto sp.! are con-

sidered favorable signs  Hotta, 1964c; Kobayashi, 1'~66! . Flocks of sea

birds and other saury vessels dri.fting may also serve to indicate the

presence of saury. At sundown, the fishermen prepare for the night' s

fishing.

Several procedures are fo'llowed during the searching, detecting and

harvesting operations. The vessel cruises with the alluring light- on

and uses 7.S and 5 kw spotlights mounted on the how nnd aft bricig»

scan the sea surface for jumping saury. On most Japanesl saury vessels,

the fishing master  FM!, not the captain, is in cilarge of thes» operations

From the upper deck the fishing master controls all nllurini; li<*.his

steers the vessel with a hand-held remote rudder control . Other personnel

active during scouting include the captainp two engineers, a r idio «tan,

two spotlight operators, and an assistant to the fishing master who watches

the sonar and records sea surface temperatureS every f iVc miliuteS



'i'heii,'. i oni ent rat:ion of jtiatping fish is seen in the spot'1ight, the

.esse! is st.opp»d to c liminate propeller noise. � As the vessel driftsI/

t oward the school, t!.e alluring lights at tract the Fish toward the vessel

Us,i;ili y th» school;,.n bc iiiost rapid1y drawn to the vessel 1ights by

.,t oi!i; swat p! iH; a .;pot 11ght beam from the fish toward the vessel . 1&en

t tie sniiry ncaa the v< sse] the fishing master examines the school si.ze,

compositioo and behavior. If judged adequate for harvesting, the remain-

i ng c rewm< n «re ori! ared C o their stat ions.

'4hon possib1e, the gear is set so the wind drifts tte vessel away

from t! e net. i hi le the currenr moves the net away from the vesse1 .

Uni1er adverse current-wind conditions, it is sometimes necessary to use

t.he spanker, a sma! 1 sail, and occasionally maneuver the vessel with the

main engine to keep t.he net properly oriented to the vessel.

Pssuming t.he net is operated from the portside, fish attracted under

poi t.side 1 ight:s are relocated to the starboard, prior to setting the year,

by cumin., of f a11 1 i, hts on the net side of the vessel . The main bamboo

F1o;ii po! es  ~tukodake! with net attached are then released fr'om the snatch

hook, nd drift away from the vessel. Other bamboo poles  Oshidake! are

used to push the main floats and net away from the vessel  Figure 32! .

Figure 33 shows the riet hanging vertically in the water and attached to

t he ves.,el hy the  ~ or 8 I ines which run from the net leadl inc to the

vesse1 ' s 1 ine hati! or and by I ines which are attached tn the poles

pri viousl .;ised to pu.;h the net away from the vessel. The net is now

i eady for the fi sh schonle<! under the starboard alluring lights.

1/ ."aury wil! reise t t,o propeller noise  approximately 1 kc!, so t1te
sui face nt th< propeller is often smoothed to minimize noise in
thi s t r equenc y. However, it is still recommended that the main
engine be st oppt d when a school is located,



an<i a L t acheci nc t n'< <. drnppe<
pushed outboard by two other

Figure 3 2.� The bamboo oab fl at poles  Nukodake!
1 '. snatch hook andfrom the vesse s sn

poles  Oshidake!,

FLOAT
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b 6 or 8 lines which run Irom eto the vesse y

ler. The bamboo poles pre .. to usthe li.ne hau ez.
t on the water . Next, t e is <fzolA 't e vth . vessel now float on e

el .between eth net and the vesse



Bet a<iso the saury prefer 1 ighted waters, it 3 s possib1e t'o move

the school from starboard to port  between the net an<i vessel! by

seqiient i ally extinguishing all starboard lights in a counter-clockwise

fashion �ook i n', forward!, Port lights are again turned on and o f f

iint il the ent ire school has been moved ~nder the bank of lights 1ocatecl

amidship which il liiminates that area between the vessel and net. Be fore

pirl ling t he lea<ll inc up and toward the vessel, it is usually necessary

to lure the school Lo the surface where they are most susceptible to

capture. 'l'hc pr inc iple used to move fish from port to starboard can

also be used Lo siir face the schoo] . Red light is absorbed by water mucli

i as t<.> t han whit. e or blue 1 ight . Thus, the schoo1 will usually rise Lo

the siir fa< e;is white or blue lights are extinguished and red 1 ights

tiirned on,,'it this point the net is hauled  Figure 34! .

Approximately Lwo minutes are needed to haul the net from its position

in Figure 33 t.o tliat in Figure 34. Host of the web is then pulled aboard

in order Lo coni ine the catch to a small pocket. This procedure takes

about minutes, and is the most laborious part of the operation

 Figure 35! . Tiaic required to brail the fish aboard once confined t.o

web pocket  Figure '36! ranges from about 5 minutes for a 600-pound cat.ch

to aboiit; 1 "> minutes for an 8,000-pound catch. Brailerfuls of fish are

empt ied int o the hold, Handling procedures aboard ship will be di: c«sac<'.

in Lhe next. sec Lion

If only part of the available fish are capt<<red, it. is usually

possibl e to regroup t.he remainder under the starboat<l elliiring 1ight:s

an<! hold them i'nr another set.. l'.ven if all avail able fish are enclosed,

6r,



Figure 34.� � After the fish are moved to and held between the curtain of web
and the vessel by alluring lights, the leadline and end lines
are hauled, thus, enclosing the catch.

Figure 35.� � To conf ine the catch to a small pocket for. brailing, most of
the web is pulled aboard. During this phase, the end poles
previously used to push the net from the vessel are taken
aboard which also help draw the net to the vesse] .



the starboard 1 ights are usually turned on while the catch is being

brai led, in an attempt to attract other schools to the vessel. When

schools are plentiful, it is often possible to make several sets

without additional searching. Under such circumstances, a well equipped

vessel may complete up to 14 hauls per. night.

Figur» 36.--Final stages in the fishing operation are shown
�! . The catch is worked into a web pocket, and
 8! brailed directly into the fish hold.
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HANDLING CATCH ABOARD SHIP

The procedures for handling catches on a typical Japanese vessel

are summarized in the flow diagram showing the operation of the boke-

ami harvesting system  Figure 37!. Aboard commercial Japanese saury

vessels, handling procedures are precise and carefully controlled. As

might be expected, selling prices are largely determined by size com-

position of the catch, freshness and general appearance. Fish pumps

have not replaced brailers because it is believed they are more

damaging tn the product. Excessive loss of scales has been the main

complaint. Before the catch is stored below, samples are routinely

collected, measured and weighed  Figure 38! . Such data are included

in the vessels log and transmitted by radio to a fishermen's infor-

mation center. In the hold, saury are moved about by shovel. The hold

is refrigerated and sectioned into individual compartments that may be

equipped with automatic refrigeration controls  Figure 39!. Fresh fish

in the fish hold are held in a mixture of 2 C. salt water and ice.

Sufficient water is held in the hold to partially float the catch and

reduce squashing and fl.attening. The bloody brine solution is replaced

in 5 to ] 0 hours with a solution of fresh sea water and preservatives.

The temperature is then decreased to O'C . Japanese fishermen believe

these carefully controlled thermal conditions preserve the bright color

and flavor of the fish. If the fresh catch is immediately cooled to

O'C., both color and flavor deteriorate. Saury are not usually kept

aboard the vessel more than 3 days. When fishing is good, the fish

will usually be unloaded in port the following day.



Symbol s used are: Storage De t Transport

Figure 37. Flow diagram su~i arizing operation of the Japanese boke-ami
harvesting system. {Fxplanation of steps is summarized on
p. e S3 ! .



The school gathers and starts to circle  usually in a random but
somewhat clockwise manner! under the fish alluring lights while the
net is set on the portside.

The school is guided from the starboard to portside by sequentially
extinguishing lights in a counterclockwise direction and by turning
on all lights on the portside.

r 'lilith lights A, 3, C, D, F., F, G, and H off, and lights l and J
 both red and blue! on, the 3 kw searchlight is rotated clockwise
 light hitting the water only when the motion is From right to left,
and the beam aimed toward' the sky in the return trip from left to
right! to guide the school from the starboardside to the net side.

$6 j Ry turning off Light I, the school is moved under the bLue and red
1 ights of support J.

The school keeps circling under 1 ights J and surfaces as the blue
Iights are turned off and the red lights are kept on, The net is
pulled when the FN decides that the school can be contai.ned within
the net.

Q8 y The school is contained and further confined to the net's fish-
gathering section.

Catch ready for brailing.

Saury are brailed and slid down into the fish hatch .

Ece in hatch.

Crushed ice moved

into the fish hatch.

Sea water.

Pumped

lce, saury, and sea-water mixed.  Preserva'tives are usual 1 y added
after fishin,; activities are over.!

.">amp1es are inspected and measured for the saury survey

Hold saury are kept at 0 to 2 C, by refrigeration.  Freezing saury
on board is discouraged.!

0 S< hool of saury near surface,

The school is discovered by the searchlight operator spotting a few
fish jumping under the light. The school size is judged by the
Fishing master  FM! as adequate or inadequate for harvesting.

I 7 The school. is attracted to the vessel's alluring lights. The lights
on the net side are turned off and the vesset, will coast around the
school in a «1ockwise direction to attract as many saury as possible.



Information concerning the handling of saury on Soviet vessels is limited.

Apparently saury are simply transferred to factory ships by saction pumps where

the fresh product is canned  Fillmonova, 1965!.

Figure 38.� � On Japanese vessels, samples are routinely collected and size
composition determined. This data plus weight, location, and
date and time of each landing is broadcasted to a central data
exchange center for the benefit of all fishermen and research
agencies.

Figure 39.� � Fish holds on Japanese vessels are divided into small and usually
refrigerated compartments. Fi.sh are placed in a sea-water-ice
mixture, which minimizes damage to the product. Thermal conditions
are carefully controlled to preserve color, texture and flavor.
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METHODS OF PROCESSING SAURV

The reduction in Japanese saury landings during thc last decade

has altered prices and product demands. Duri ng the late 1950s and

early 1960s most saury were prepared for human consumption, and

lesser percentage was frozen for tuna bait. The sl.tuition gradually

changed until 1969 and 1970, when nearly all saury which mnt bait size

requirements were purchased by the tuna industries «t inf'lated prices

 see Table VI for 1.962-1967 data!.

Table VI, Approximate product distribution of 1 962-l 967
Japanese saury catches,  Figures are presented
in tons of whole fish and percentage of tot «1
c atch by year! .



The following information extracted from Suisan Tsushin �970b!

summari. es current trends for utilization of saury products:

"The Saury Association has recen.tly announced the
following uses for saury in 1969..

Amount of Saury Used  in metric tons!

aido Totalonshu
~nt14% % ~uantitProdu< i

16

80 0 0 2.6
8,751
1,737

146

169

1 394

6.9

92.2

0.4

0.5

0.0

25152
8,877

124

160

0

31.

61.

0.

0.

6.

Fr1 sh

Frozen

Canned

Processed

Ideal and oil

31,313 100.0 S2,197 100,020$884 100.0TOTAL

Due to a marked reduction in the total catch of saury in 1969,
the proportion used for canning and processing declined while
that for frozen bait for tuna fishing accounted for 80 percent
of the tot al catch. The ratio of fresh saury for human con-
sumption did not change much �0 ~ 5% for 1967, 19.4% for 1968
;2nd 16.8% for 1969! but the quantity was only 8,751 tons
�2,883 tons for 1967 and 25,264 tons for 1968!. The ratio of
frozen saury increased from 64.8 percent for l.967, 65. 6 percent
for 1968 to 80 percent for 1969, but the quantity also dropped
from l40,636 tons for 1967, 85,400 tons for 1968 to 41,737 tons
for 1969.

For the major prefectures in Honshu, the total catch for Miyagi
Prefecture was 14,957 tons  94.3% frozen, 5,2% fresh and 0.5%
canned!, Iwate. Prefecture 13,890 tons  93.8% frozen, 5.6% fresh
and 0.42,.' canned! and Aomorl Prefecture 4SO tons  80.7% fresh and
1~.1% froze ! ."

,':ven though saury products are now quite restricted by resource

supplv, the fol lowin section summar izes methods of processing saury

which have been recently employed.



i'RF.'SH FISH

Prior to 1967 saury was considered "the best" of the inexpen-

sive fishes. Fresh saury was prepared in many ways, although

barbecuing them whole over an open fire was most popul.ar. Baking

was also popular. Saury sashimi, or saury cut into strips and soaked

in vinegar, was also a common dish. The preparation of saury fresh

fish dishes and other Japanese delicacies are described in "Processing

Saury" by the Hokkaido Sea-Product Research Group �956!.

FROZFN PRODUCTS FOR HUMAN CONSUMF1'ION AND TUNA BAI'1'

Saury has several qualities that make it a desirable frozen product

for human consumption and far tuna bait. It is especially muscular and

firm- fleshed, oily, and has practically no stomach during the adult

s ta;.e. Because of. the firm texture and lasting bright color after

freezing, saury is one of the most ef fective tuna longline baits, as

wel] as an attractive food fish.

When fresh fish are purchased for freezing and storage, the

eventual destiny of the product is usually undetermined. Most of the

packing procedures for a frozen product satisfy both tuna bait and

other industry requirements. Thus, procedures outlined below apply

for al 1 saiiry which are frozen for later use.

Prior to p;icking in 10 kg boxes �2.4 lbs.!, fish are sorted by

size. Size categories correspond to numbers of uniformly sized fish

which are requii =d to fill the 10 kg boxes. Such procedures are

especially important to the bait industry, since a pack of iiniform

sized fish minimizes squashing and the size category indicates the

number of bait pieces contained within each box.

6'!



Traditionally, sorting was done manually, but two types of mechan-

ical sorters are now widely used. One is a chute constructed of

grad~ally diverging bars, Fish are slid down the chute and fall out
between the bars by size. The second device sorts by centrifugal force.
Saury are rotated on a disk and thrown through the air. Fish of varying
weights are separated by the distance traveled. This device has an
added advantage for packaging because sorted fish are lined with the

heads pointed the same direction. Fish of fairly uniform size are then
layered in the 10 kg boxes, tails in and heads out. The pack shown in
Figure 40 contains 120+ 5 pieces. Common packs of bait-sized fish range
from 110+ 5 count up to 180+ 5 count. Packs containing the smaller fish,

160, 170, and 180 count, are usually used for albacore bait rather than
for larger tunas. After boxing, the pack is quick-frozen, glazed,
covered with plastic and held at -30'C to -40'C for 24 hours. � Packs
are then transferred to cold storage where -20'C temperature is main-

t ained.

Figure 40. Saury, frozen for later use as eifher tuna bait or for
human consumption., are sorted by size and layered in
10 kg boxes. This pack contains 120+ 5 pieces arranged
in rwo rows, heads out and tails to ether.

1 / At times, the antioxidant BHT  Buty] ated hydrorytoluene! is applied
to prevent oxidation during freezing.
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The quality of the product is periodically checked by random

sampling � sample i f the lot size i,s less than 500> and I 0 I,' >00

or more!. The samples are subjecti.vely evaluated for. appearan< e,

odor and uniformity of glaze . Measurements are macle of internal

temperature, micra-biological contamination, pH  acidity or alkal init y!,

volatile base nitrogen, tremethylamine-nitrogen and vol;<ti.l e reducing

substances. It is not recommended that storage excee<l one ye<r.

Table VII indicates how the 1967 stock of frozen saury was utilized

during 1968.

Table VII. Utilization of frozen saury during 1968

Planned Uaa~a Metric
Total inven-

t n hand
Human

consum tian Processin Tuna Bait 0thMonth

CAmED SAURV I/

Frozen saury which are to be canned are first thawed and separated.

After inspection, the heads and viscera are removed. The fish are then

cut transversely into two or three pieces, or pre-cookecl by steam,

split into fillets and the backbone removed. Transverse sect ions are

usually soaked in brine prior to packing. The paclced c:ans are thc n

steam-cooked at 100-103 C for 30-50 minutes, deperding on the size of

1/ Mast of the information in this se< tion was obtainecl from
Tanikawa �965! .
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March

April
May
June

July
Au gus t

Sept.
Oct.

Nov,

15>138
10>864

6,839
5,394
5>128
4,389
5,301
8,283
6 541

4,363
3,522
2,865
1,628
1,627

939

4,480
8,017

10 417

14, 4-45
13>006

9,210
75365
6>202
4,458

14,405
24,789
32 741

1>048
343

864
601

64

490

368
I c!

1 441

34 994

27,735
19>778
14,988
13,021
10,276
24,554
41,508

~SI ] 40



the can, aftc r whiclr excess liquid i.s discarded. Tomato sauce, soy

sauce, or oil is then added for seasoning. Next, the cans are sealed
and processed at li 3-116 C for 70-110 minutes. Saury fillets are

oft.en dry-sal ted for later use to prepare a cold-smoked. and canned

, r oduct

l!rrr n, the ] 950s and early 1960s, large quantities of saury were

canned. 'I'h s»as a good outlet for poorer quality f ish because many

of the sauces »o«ld mask a slight stale odor and size was of little

importance

Canned saury products and the Japanese canner codes for produc t

I dent if ication are summarized in Figure 41

MP
MPN  salt is the only seasoning!
MPP
MPC  soy sauce, sugar, ginger,

MSG!

Saury
Saury boiled in water
Saury fillet
Seasoned saury

ury  Nangking!
HPCN
MPK "sanma kabayaki"  dried!
MPS  95'C smoked then cooked!
MPT

 broiled! saury
aury in oil

tomato sauce

t.s. sardine

red pepper
mustard

< «rry

pepper
other mixtures

Ma kr.

 mw!

1 Jan

9 Sept
0 Oct

Y Nov

Z Dec

Figure 4l, Japarrese canner codes for popular saury products.
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Small sa

boiled

Roasted

Smoke d s

Saur y in
Saury ln

style
Saury in
Saury i.n
Sa«r y in
Saury in
Saury in

MPTB  packed in tomato sauce!
MP5 !
MP6 !
MP7 ! Pickled
MPS !
MP9 !

Saury  yf!
oiled  N!
Maker  factory j
1969, October l Z



OTHER pRODUCT S

In Japan, several by-products have been produced from that

portion of the saury which is considered waste �0 percent by weight!,

and inedible for human consumption.� By weight, the waste portion isl/

composed of 7/ viscera  intestines and gonads! and 23'K scraps  f its,

heads and backbones!. Depending upon fish size, 3/ to 10/ oil  by

weight! may be rendered from the composite waste portion. Fish scraps

can be pressed, dried and used as fertilizer, or processed into fish

meal for animal feed. "Stick water," the l.iquid fraction which is a

product rendered when fish scraps are processed into meal, is also a

potential food source. Valuable constituents include minerals,

vitamins, oil, and soluble protein.

1/ Compared to other species of similar size, saury are high-yiel d
fish.
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i~9 RKFT I5t

to wealthier people in Japan. Unconfirmed reports indicate that the

Japanese Gavr rnment may have recently placed resrrictions on the sale

of bait-sized saury to markets other than tuna bait. Figure 42 shows

the trend in landings and prices in the Japanese saury fishery.
Price

04hf'rrr I 8 $rahhrr tohLhhrrihqh
hrrhrr rhhs ,28 560

28 520

480

440

400

.ie 560

.is 320

280

240

10 200

oe iso

.08 i20

,04 80

02 40

0 0

$00. OOO i-
I

500.000

400,000

500.000

200,000

i OQOOO

ieez 54 56 ae So 620
Y 8kri

Figiire 42. Trend in landings and prices--Japanese saury fishery,
1952-1970  Ministry of Agriculture and Forestry, 1966
and unpublished Japanese data! .
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Japan is the primary supplier and consumer of fresh and frozen

saury for human consumptio~ and of frozen saury used for tuna bait.

In the prost, Japan also was a primary supplier o f c anned saury Co

world markets. Presently, the tuna bait market for saury i.s the most

lucrative and largest in volume. The decline in Japanese landings in

recent years is responsible for this trend. Extensive export markets

for canned saury have diminished since 1966-67 because of limited

supply and the high cost of fish. Ris'ng costs of fresh fish or

fresh- frozen fish for human consumption have also limited its use



FA .-ORE .AI'FECTTNG >MNDZH S X VESSEL PRICES

Because of the saury 8 pattern of migration during the fishingl

sea.,on�catches are usually landed in northern ports. Prior to ', 962

when reezer s' orage was extremely limited, northern Japanese po. t s

would be over-supplied with fish, while areas to the south would be

in neec. of ~ore fish to su'at4in processing operations. Consequent~ y,

orice .luctuations were a fugttion of local distribution channels and

processing fac lities. Such Circu'metances often caused small vessc.'!

owners financial hardship, since their limited holding capacity and

min'mal refrigeration restri~e'd their landings to nearby over-

supplied ports. Although em. +8sel prices throughout Japan have since

been considerably stabi?ized:,by. the construction of hundreds of freezer

plants, prices are usually lpweak in Hokkaido and progressively increase

to the south. This trend anti,oChet pertinent data are shown in Table

VlT. I.

Table Vill. Catch, eff6kt 'hand jr ice data for three prefectures
and the all-Japan average during lq67  zensanma,
l>67!.



The relationship of vessel size  tonnage! to coast and earnings also

reflects the value of a vessel which can land in ports where supplies

are low and prices high. For example, during 1967 the average price

per kilogram paid for saury to the largest vessels was nearly three

times that p; ic; to the smallest vessels, and the total expenses, in

percent oi gross income, were 11 percent lower for the largest vessels.

Other important factors which influence ex-vessel prices are the

availability of fish and size composition of catches. Although raw

fish has been in short supply since 1967, and freezer plants have

improved market stability, the monthly variation in landings during

tne season st ill afiects ex-vessel prices. Generally, prices are

highest during the early season when the catch is low and decline as

landings peak. during rnid-September to mid-October. prices may rise

agai~ during the late season depending on previous landings and demand,

Figure 43 shows the variation in catch during 1962, 1963, 1966 and

1967 seasons.

One aspect which indirectly affects landings and prices at

Japanese ports is the marine information system. Because saury

are highly migratory, fishermen have found an information exchange
system betw< en vessels and portside data centers to be beneficial
to all. Thi system's purpose is to reduce searching time and

increase the probability of productive fishing. The system has

two parts. 'Jessels  usually from 20 to 40! wh'ch belong to one

union, ex -hange coded dara every 4 to 6 hours. Typical reports

in lade ves.- L :ocat;on, direction and speed, observation of other

vessels, bi:ds, information on last catch  tonnage, catch composi-

t 1 !n Rnc be.lavior! > warer cemperature and expected port of landing.
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Severe penaJ ' ' es are p L,',ced on those vessels which do not provide accur ate det;2

'i'he st>cond system provides more Long-term "public information data" whicit is

broadcast daily for the benefit of the entire saury fleet. Information provided

includes catch data ',one day old!, forecasts oF where new grounds «re expected i.o

develop, and c»2 rent ex � vessel prices at major ports. information is originally

provided by commercial vessels and research bases which have ships at sea. F'igure

44 shows the complex nature of the saury fishing data communication network whicit

is but a part of the Japanese Marine Information System.

S >>let
C>[ t>

20 K

h»>t S h>cc 1> h>2 20 Svpv 2 SePt tS 92ePt 2S >2ct S Oct 15 Oct 2' Nc>v . Nev tt '..a '5 Dec 2 t2ec I> Dec 22

Figure 43.-- Variation in Japanese landings.  metric tons! during four typical
seasons �962, 63, 66, and 67! .
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0 I ST 8 TBUT ION OF JAPANESE SAURY PRODUCTS

Saury landed in Japanese ports are sold through a broker who is

contracted by the vessel to sell its catch for its best use and

hi hest price. The broker may deal through personal contacts, or

several prospective buyers  tuna bait companies or fish wholesalers!

may examine the fish for appearance, quality and size and bid compet-

i ti vely,

Channels of distribution of fresh and fresh-Erozen fish in Japan

resemble chose in. the United States. Fish purchased from a vessel by

a wholesale company for eventual retail as fresh fish, are packed in

10 kg boxes as previously described, and shipped by rail to retail

markets for public sale. Wholesale companies may freeze the boxed

fish for later sale to retail markets.

The majority of all saury landings is channeled to the frozen

bait market. Frozen bait saury held in storage by Japanese bait

suppliers is shipped by outward-bound tuna vessels to various storage

plants near major tuna grounds. Figure 45 shows points around the

world where bail saury are distributed to tuna longline fleets. The

world longline fleet consists primarily of Japanese, South Korean,

and Formosan vessels. Japanese concerns handle more than 75 percent

of the w~.rid's supply of tuna bait. U.S . tuna canners, in both the

Pa< ific and Atlantic, purchase bait to supply the needs of longline

vessels  forei<~n! under contract to them. The rapid increase in world

1 onql.ine tuna I ishing ef fort has resulted in estimated requirements of

6'>,OOO-HO,OOO short t..ons ol bait in 1971. Worldwide average prices

~>aid by t una vessels for bait saury during 1968, 1969 and 1970 are

shown in Table 1X.
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Tabte Iy ~ Average worldwide price paid for bait saury by tuna
1ongl inc vessels for 1968-1970

Pr' c e pe <

shor t t on�
P~ice per

10 k carton�Period

8334-379$3.89-4. 17

$5.00

$8.33  high!

$8.89-9.16

$7.78-8.06

$5.50-6.50

1968

$4 >'.1969, March

q7r 7September

$808-833

$707-733

$5QO-5 "Q

1970, early

isa y

1ate

1/ Price includes cost of product, insurance, and freight
from manufacturing point' to consumption point.

tons of fish frozen for l,ater use
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Presently, production of canned saury commodities is very 1ow

relative to that of 610 years ago. A small amount of saury, mostly

oF poor quality or of undesirable size for bait or fresh Fish,

canned for domestic use and limited export to high-income countries.

However, extensive export markets for many canned saury product.s did

exist during the 1950s and early ]960s. The tota] canned prodi ~ tion,

export figures and destination of various export products dur ing I 96?

have been tabulated in Table X. Japanese sa«ry landings dur'ng '962

totaled about. 462,444 tons, of which 11.9 percent or 54,867 tons of

fresh fish were canned in addition to an unknown amount of.' the 171, iz6



Table ~ ~ Production of canned saury for domestic use and export
dur. in', 1'>62  after Tanikawa, 1965!, Numbers shown in
parentheses are equivalent numbers of 48 pound cases



DISCUSSION

Those who wi11 be involved in the research and possil>le development

of a U S. eastern Pacific saury fishery can profit from the experience of'

the Asian countries. I3iological studies of the western Pacific stock fur-

nish a background for similar studies of the centraL and eastern Pacific

stocks. A knowledge of Japanese fishing techniques has already proven

valuable to U.S. scientists studying the eastern Pacific saury resource

 Ellis and Hughes, 1971!.

The sharp reduction in Asian landings during the past 12 years has

resulted in more cooperative research between Japan and the Sov> et Union.

A mutual concern over the decrease in annual yields is obvious. During

the 1969 Japan-Soviet Union saury meeting, the two countries agreed that

coastal stocks have decreased  Shin Suisan Sakuko, 1969!. More recently,

I:he Japanese Ministry of AgricuLture and Forestry reported that the 60

percent decrease in the saury catch between 1968 and 1969 was because of.

a dec1:ne i stocks and a decrease in the numbers of vessels  Suisan

Tsushin, 1970!. T'.!ere is also concern over change in the size composi-

tion of Japanese saury land.ings. The percentage of large fish seems to

be decreas! ng and Suisancho Nippo �969! predicted from the trend that

th.. 1969 catch would be composed main ..y of, medium- and small-sized fish.

Perhaps the most r .;simistic report concluded that. "saury f ishing of f

Japan this year was so poor  total ">1,000 tons in 1969! that little can

be ezpec ced in he future"  Suisan Tsushin, 1970!. However, the 1970

Japanes e landings to tal ed about BO > 000 tons.

Both Japan and the Soviet Union have conduc.ted surveys of the saury

resource off the west coast of North America and Japan has carried out

limited commercial fishing operations. Obviously the potential for r»pid



development of a saury fishery exists if the resource is available in.
sufficient quantities. Therefore, it. is important that information on

the status of the resource be acquired rapidly so that a basis for

rational utilization can be developed.

86



A CKNOWLE DGEMENT S

Publication of this document was possible by joint ef forts of

the National Marine Fisheries Service, NOAA, Department of Commerce

in Seattle, Washington and Oregon State University, Corvallis, Oregon.

Dr.Walter T. Pereyra, the Assistant Base Director, and Mr. Richard

McNeely, Chief of Ocean Engineering, both of the Exploratory Fi.shing

and Gear Research Base of the NMFS, proposed investigation of the

Japanese saury industry in 1968.

During the senior author's visit to Japan, Dr. Clinton E.

Atkinson, the Fisheries Attache of the Uni.ted States Embassy in Tokyo,

and Dr. Tomonari Matsushita, the Special Assistant to the Director of

the Research Divi,sion, provided numerous services including scheduling

appointments with Japanese research agencies and representatives of

the saury fishing industry. The opportunities to sail aboard the

research vessel Mito-Maru, and to meet with the three Japanese "gods

of saury," Messrs. Shigeru Odate, Shin-ichi Fukushima, and Masaji

Naito, were especially valuable.

Mr, John Dassow, the Assistant Director for NMFS's Seattle

Technology Laboratory, provided valuable suggestions throughout the

course of the study. The assistance of Mr. Paul T. Macy, Fishery

Biologist, NMFS Seattle Bi.ological Laboratory, in the review of foreign

literature, especially Soviet articles, is gratefully acknowledged.

Three research assistants at OSU helped in the various phases of.

the projects Messrs. Larry E. Shirland-, Panchatcharam Ramalingam-
I/ 2/

1/ Presently compIeting his Ph.D. as an Instructor, Department of
Industrial Engineering, Oregon State University.

2/ Presently an Asst. Professor, Department of Industrial Engineering,
Calif. State Polytechnic College, Kellogg-Voorhis, Pomona, Calif,

85



and Subhash C. Rawal. Me note with pleasure that the first two

assistants were awarded First Place in 1971 and Second Place in l 970

National Graduate Research Awards of the American Institute of

industrial Engineers. Their theses resulted from activities initiated

under the saury project.

To many other people not named here or in Appendix, who con-

tributed to this study, the authors extend their appreciation.

Part of the publication costs were provided from the Sea Grant

Program at Oregon State University,

Corvallis, 1971

Seattle, l971

Xichael Shigeru Inoue

Steven E. Hughes

86

l The Sea Grant Program of Oregon State University is partially maintained
by the National Oceanic and Atmospheric Administration of the Department
of Commerce.



REFERENCES

Ahlstrom, E. H.
1968. An evaluation of the fishery resources available to Cali forni.a

fishermen. In DeWitt Gilbert  editor!, The future of the fishing
industry of the United States, pp. 76-77, Univ. Wash, Puhl, Fish.
New Ser. 4.

Ahlstrom, Elbert H. and Harold D. Casey
1956. Saury distribution and abundance, Paci.fic coast, 1950-55.

U.S. Fish. Wildl. Serv., Spec . Sci.. Rep. Fish. 190, 69 pp.

Ai.zawa, Yukio
1963. The behavior and reaction to fishing lamps in saury shoals.

Bull. Tohoku Reg. Fish. Res. Lab. 23: 85-92.  In Japanese with
English summary!.

1967. Studies on the number of fin rays of the saury, the differ.-
ences among the modaL groups in body-length frequency and among
the fish schools. Bull. Tohoku Reg.Fish Res. Lab . 27: 11-2 !.
 In Japanese wi.th English summary!.

All-Japan Stick-Held Dip-Net Saury Fishing Regulation Cooperative
Associ.ation 1967. Outline of regulation project for 1967
 Chosaj'gyo jitsushi yoryo-shu!. Zensanma, 76 pp.  In Japanese!

Andreev, N. N.
1962. Stick-held dip net for saury fishing. In his Spravochnik

po orudiyam lova, setesnastnym materialam i promyslovomu snar-
yazheniya  Handbook of fishing gear and its ripping!.
Pishchepromizdat, Moscow .  Translation pp . 418-420 . Complete
translation available at Clearinghouse for Federal Scientific
and Technical Information, Springfield, Va. 22151, TT66-51046.!

Aplin, J. A.
1939. The oocurrence of sauries in southern Ca1ifornia. Calif.

Fish Game 25: 343-344.

Ayushin, B. N., O. P. Kodolova, and Yu. V. Novikov
1967. Opyt uluchsheniya uslovii. vosproizvodstva Tikhookeanskogo

sairy  Experience in improving reproduction conditions of th»
Pacifi.c saury!. Ryb. Khoz. 43�!: 10- 11.  Translation hy
Fisheries Research Board of Canada, Biological Sta! ion, Nanaimo,
British Columbi.a, Translati.on Ser. 835.!

Chapman, Wilbert NcLeod,
1943. The osteology of the Pacific saury, Cololabis saira. Copei a

1943: 171-182.

87



C1emens, ',<. '. «nd G. V. Wilby
196] . l."ishes of the Pacific coast of Canada. Fish. Res. Bd. Can.

Bull. 68� ed.!: 158-159.

Commerc i al Fisheries Review
1964. Saury fishery production and export trends late November

1963. Its vol . 26�!: 75.

1 965» . !.lect r ical f i shing with lights and pumps. Its vol . 27 �!
91 94

] 96 >b. Saury Ei shery trends. Its vol. 27�!: Bl.

1969~ . S asonal saury fishing disappointing. Its vol. 27�! . 81

I:t>erhardt,;;, 1,.
1954. Observat.ions on the saury  Colo] abi s saira! seen near the

Ca iifornia co;ist during 1950-52. Cali f. Fish Game 40: 39-46.

L'11is, Ian and Steven F.. Hughes
1971. Pacific saury--a progress report. National Fisherman

Year!>ook 5] �3!; 67-70~ 75, 77, 84-85, 95.

F i 1 imonova, K. V.
1965. Ob =ffektivnosti promysla i obrabotki sairy v sisteme

rybnoi promyshlennosti Sakhalina  On the effectiveness of
fishing and processing the saury in the system of the Sakhalin
fishing industry!. Ryb, Khoz. 41�!: 81-82.  Translation by
Bureau of Commercial Fisheries Office of Foreign Fisheries,
V.S, Department of the Interior, Washington, D.C.!

1'ishing News International
1968, Japan hopes new method will boost saury catch. Its vol.

7�1!; 76, 78.

Fiscus, Clifford 11. and Hiroshi Kajimura
1965. Pelagic fur seal investigations, 1965. Spec . Sci. Rept.

Fish. No. '>37, 42 p.

! »kuhara, i..
1947. The inventi.on and effects of high performance saury

stick-held dip-net. Patent 175370, 11 pp.

Fukushima> S!ltn Icbm
1956. On t!ie size composition of the Pacific sa»ry, Cololabis

saira, caught in the Northeastern Sea area of Japan. Bull .
Tohoku Iieg. Fish. Res. Lab. 7; 12-36.  In Japanese wi.th English
$»mmtlr y !



Fllkushima, Shin-Ichi
1958. Relation between the fishing of the Pacific saury and the

oceanographic al conditions in the Nor theastern Sea area along
the Pac if ic coast of Japan. Bull . Tohoku Reg. I ish. Res. l.ab.
12: 1-27.  In Japanese with English summary!.

1962. On the relationship between the pattern of the Kuroshicf
Current .'n spring and summer and saury fishing conditions in
fall. Bull. Tohoku Reg. Fi.sh, Res. Lah. 21: 21-37.  In
Japanese with Eng]. iall Summary! .

Fukushima, Shin-Ichi, and Akira Naganuma
1956. On the thickness coefficient' of the saury CoIalabis saira.

Bull. Tohoku Beg, Fish. Res. T.ab. 7: 37-53,  In Jap;lnese «I th
English summary! .

Gil], Charles D. and Steven E. Hughes

on Pacific sa sy  Cololabis safes!. Cal. Fish snh Game fin
press!.

Grinols, Richard B. and Charles D. Gill

Northeastern Pacific. J. Fish. Res. Bd. Canada, 25�!: 825-827,

Hatanaka, Masaycbshi.
1956a. Biologica1 studies on the population of the saury,

Cololabis sais'a  Brevoort!. Part I. Reproduction and Growth.
Tohoku J. Agr. Res. 6; 227-269.

1956b. Biological studies on the population of Ihe saury,
Cololabis saira  Brevoort!. Part 2. Habits an<I Mi;;rations.
Tohoku J. Agr. Res. 6: 313-340.

Hattori, Shigemasa
1965. Fish eggs and l arvae in the Kurashio. Tokai Reg, Fish. I<es.

T.ab. Information bulleti.n on Planktology in Japan, No. l2: 40-48
 In Japanese with English abstract!.

Hotta, Hideyuki.
1 958. On the growth of. the young saury, Cololabis saira I.n the

rearing experiment. Bull. Tohoku Reg. Fish. Res. l,ab. Il; 47-64.
 In Japanese with English summary!.

1960. On the analysis of the population of the saury  Cololabis
saira! based on the scale and the otolith characters, and their
growt1l. Bull . Tohoku Reg. Fish. Res. T,ab. 16: 41-64.  In
Japanese with English summary! .

89



!!ot t;<, Hid<ay«ki1162, The p<» as i t ism of s.l«ry  Col olabis saira! infected with
p: ras <ric copcpoda, <~Cali us macaron< Gussav, during <<shing
'edison in 196! . Bull . Tohoku Fish. Res, Lab. 21: 50-56,
 Tn Jap.<lese wl th I.'nglish summary! .

1 "63, FI»et«at!.on in the ab»ndance of saury on the Northeastern
Sea of Japan  TII! . Bull. Tohoku Reg. Fish. Res. Lab. 23:
73-84.  In Japanese with English summary! ~

1 "6 . F1»<-ru;lt! o» in the abundance of saury on the Northeastern
Se a;:re;i of .I;<pan  IV! . Bull. Tohoku Reg. Fish. Res, Lab. 24:
4R-6c<.  In .Tapanese with English summary! .

196«; . Fl»ct lat.ions in the abundance of saury in the Northeastern
Sc;. Jnn;<n  V! . B»l 1 . Tohoku Reg Fish. Res. Lab. 24: 48-64.
 In Jap,<n< s«, i t h "ngl ish summary!,

T964b, 1 ]c« tu;it ion in the ab«»dance of saury in the Northeastern
Se' of Jap;:»  'J!, B«ll. Tohoku Beg, Fish. Res. Lab. 24: 65-72.
 Tn Tc<p»»ese ~:-ith English summary! .

~ 967< .. S;lur 7 r< source  Sanma shigen! . Tn Japanese biological
s t«<! ie s and isheric s of the sa«ry, Col olabi.s saira  Brevoort!
Nippon Suisanshigen Hogokyokai, Tokyo, 96 pp.

1967.;!»< t»nt ion in the abundance of saury in the Northeastern
se;i of .Tapan. Bull . Tohoku Reg. Fish. Res, Lab. 27: 1-10.  In
,Taps»es<. wi th I:ngl ish summary! .

Hot t.a, !!! d< v»l< i,<l<! Shin-Ichi Fukushima
! '63 l'1» t:u:lt . on in the abundance of saury in the Northeastern

Se << of Tapar.  II! . Bull . Tohoku Reg. Fish . Res, Lab. 23: 61-72
  I »,Tap a»e»' .,< i th Fngl ish summary! .

Kot l, lli «ey <k; r<»<! Kazuka Qdata
6, I!« fclod and feeding habits of the saury, Cololabis saira.

I'ohoku K< g. Fish. Res. Lab. 7: 60-69,  In Japanese with
English summary! .

1!ubbs, C»rl l,;ind Robert T.. Wisner
1"53. 1 ood of marlin in 1951 off San Diego, California. Cal.

Tish and C .»ie 39�!: 127-131.

1!»giles, Steven E.
1970. '<n»c<tated re ferences on the Pacific saury, Cololabis saira.

Spe<.. S< i . Rept . Fish. No. 606, 12 p.

H»gh< ."-, 'te .e<, E. «n<! Charles D. Gill
197'<. Sa«r'v is promising new fish on west coast. National.

; i sherman, .'<pr il . p. 12c � 14c .



Ibaragi, Suishi
1968. Saury stick-held dip-net fishing labor-saving study groun's

special commit tee study data. Ibaragi Pre fee tur a I 1'ish, 1'es, T�ab.
Unpublished ms,, 14 p .

Inoue, Nakoto and Kaichiro Watanabe.
1958. The fishine power of satiry blanket ne»  Hoi ke-At«i! fisf let v.

Bull. Jap. Soc . Sci. Fish, 23: 745-748.  Trans I ation bv Hureat»
of Commerc ial Fisheries Biological Laboratory, Honolulu, H«w;»1 i,
U.S. Department of the Interior.!

Japanese Fisheries Agency
1967. Report on the investigation team boarding the Russian sat»ry

rese arch ve s se 1 in 1966 .  Showa 41. ne nd o s ore n s a nma k«gakuc1»-
osasen syosen chosa dan hokoku-shu!. 99 po.  In Jap«nese!,

Kimura, Kinosuke
1956a. The standard length of the Pacific saurv Cololabis saira

 Brevoort! . Bull� . Tohoku Reg. Fish . Res . I, b . 7: I -11 .   In
Japanese with English summary!.

1956b, A theory of congregation and separati on of fish by ocean-
ographic conditi.on. Report 1 referri,ng to Pacific saury, 1ishing
of Tohoku Regional Sea in fall. Bull. Tohoku Reg. Fish. Res. T,«b.
7: 103-145.  In Japanese with English summary!.

1956c . Drift-net fishery of Pacific saury of Japan iT» 3 "36-43 .
Bull. Tohoku Reg. Fish. Res. Lab. 7: 146-183.  In J«panese t itf»
Eng I i sh summary! .

1956d. On the Pacific saury caught. by the set ne t. Bul 1, Tohok»
Reg. Fish. Res. Lab. 7: 183-238.  In Jap; »tcse ~. it!» Engl isft
s utt ma r y! .

1.960. A populat ion study on aututatt paci t" ic s«ury  ~;ololabis saira!
in the Northeastern Sea of Honshu, Japan. H»»11. ohoku Ref . !'» sh.
Res. Lab. 14: 1-82,  In Jap nese with Eng1.i sh sutta»ary! .

Kimura, Kinosuke, Shin-Ichi Fukushima, Shigcr« 'date, srtl Yttkio
A izawa.

1961. Hain spawning season and f;round of t hc oa. if'ic .,a»,rv mi ra-
ting southt,ard in Tohoku Kauku. Hul] . Tohokt! !<;. Fi s1». Ihc:;. f, »T»,
19; 1-41.  In Japanese with Engl ish summary! .

Kimura, Kinosuke, Hideyuki Hot ta, Shin-Ichi Fuk»! shi«i,t, Shi ger« f'if«te,
Akira Fukuhara, and Masaji Naito.

1958. Stttdy of the Pacific saury spawning nn the dr I;tint; sc;»we, '»I.,
in the Sea of. Japan. Hull. Tohoku Reg. Fi sh. Rt s. T,ab. 1? . ?8-4».
 In Japanese with Engl ish summary! .



Kobayashi, Takashi, Makoto Nake and Masaji Vaito.
1968, Studies on the life of the Paci.fic saury, Cololabis

sair a  Brevoort! . I. Aggregative charac ter is ties of adult of
the autrv,in spawning population. Sci. Rep. Hokl aido F'. sh. Exp,
Sta. 9: I-45.  In Japanese wi th English summary and figures! .

Kotova, I.. I,
1958. 0 biologii razmnozheniya sairy v Yapcnskom more.  The

biology of reproduction of the saury in the Sea of Japan.!
Ryb. Khoz . 34�0!; 6-10.  Tr ans1 at ion by Bure ai of Commer c i al
Fisheries, U. S, Department of the 1nterior, Washington, D.C. !

Kramer, David and Paul E. Smith.
1970. Seasonal and geographic characteristics of fishery

resources California current region--II. Pacific saury.
Fish . Rev., 32�!: 47- 51,

Comm.

Kundius,
1 966a. 0 novykh raionakh lova sairy  New regions of Pacx fic saui'y

fishery!. Ryb. Khoz. 42�0!; 16-19.  Translation by Bureau of
Commercial l'isheries Office of Farci.gn Fisheries, U.S,
Department of the Interior, Washington, D.C.!

1966b. 0 methodakh prognozirovaniya na pramysle sairy  On fore-
castin,, methods in saury fishing!. Ryb. Khoz. 42�.1!: 17.
 Tran»i,i  inn by Bureau of Commercial Fisher,es Office of Foreign
Fisheries, U.S. Department of the Interior, Washington, D.C.!

Nagakiixa, Katsiio.
1956. The var iation of the fat content af saury., Cololabis sai,ra,

in the Northeastern Sea area of Japan. Bull . Tohoku Reg. Fish.
Res. 1 ab. 7: 54 59.  In Japanese with English summary! .

Nai to,
1".66. Russian saury stick-held dip-net fishirig and research.

Kushiro Suishi, Unpublished ms., 5 p.

1 �7. The life patt'em of saury. Report presenLed co joint saiir y
research conterence, 1967. Unpublished ms., 14 pp.

Niknnorov, I. V.
1.965a. Vybor. rezhima osveshcheniya pri love ryb r na svet

 Selecting an il liimination regime during !.ight fisliing! . Ryb.
Khoz. 41 �!; 48-50.  Translation by Bureau of Commerc ial
Fi.shor ie» Office of Foreign Fisheries, U.S. Department of the
Interior, Nashi ngton, D.C . !

K imur a, Kinosuke,
and Masaji Naito.

1956. Pacific

Bull, Tohoku

with English

Hideyuki Hotta, Shigeru Odate, Akira Fukuhara,

saury in the adjacent seas of Tsugaru Strait.
Reg. Fish. Res. Lab. 7: 239-295.  In Japanese
summary! .



Nikonozov, I . V.
1965b. Vyhor rezhi«!a osveshchen iya l>r i lov< ryby r,;-. > v« t.

t'Sel< «ti or> of i11umination condi tioiis when fislii. ii; v i t h l i,l<i '
tiyb. Khnz. 41�!: 41-43.  Tra<nsl ation hv R»r <;ii; <>F
I'i »her ies OF! i««of Fore i<.;n I'ish«r ies, li ..;, i>< i»i:-t i niit
Ir>te rioi, Mashinigton, l>.C. !

Nnviko, N. P., anil '.. 1. Chernyi.
1'!67, Perspekt ivy sovetskogo pzomys1;i v vost.ocliii o, h;,st: i 'J'l kho c

okeana  Soviet fishery prospects in tl>e i,is t i rip.i« i i i,
l<yh Khoz . 43 �! ". '5-7.  Transl ation hy R ir<;i i c n riie:
Fisheries Of ci«e o! Foreig<! Fisher ic», N.S. '.!«P»rt ii;:iii i- ' c!
Interi<>i, Washington, D.C.!

Novikov< N. P., arid Yu. <i. Kul ikov.
1 "66. Per »pekoe ivnyi raion pzomysl a »airy  Pcos<p<. c t ~' vc re i,i«ii n:

saury fishing! . Ryb. Khoz. 42 �!: 20-21 . � t:inil at: ion 8; Biii < ..ii
of Co<meet «ial Fisheries Of fice of Foreign I'I her' es, i'. S. i>c», i t.-
ment af ihe Interior, Washington, D.C,!

Novi kov, Yu, V.
1960. Opredelcnie vozrasta po cheshue i vozrastnoi . ostav s;iir v

I  Col olabis sai ra  Brevoozt!J v raione yuzhnykh Kiir i, 1 '-sk iikl;
os tzov<>v  <ige determination f roITl seal�es a<«,,'<gc < o<1<pns i,, 01> ' ' F
Pacific saiiry  Cololabis saira  Rrevoort!! > n t lie rc! ion of rh<
south Kiirile Islands! . Izv. Tikhookean. N;i<i< h. � i is! «<l. Iru.t .
Ryb. Khoz. Okeanogr. 46: 233-241.  Trans lati on l>v "<»zea ii o i
Commercial Fishezies Of fice of Fore ign Fishe< i « ., Ii. S. Dc >,<> t -«ei <
o f tlie Inter ior, Washington, D.C. !

1'! 66. Vl i yani e gidrologichesk ikh iis 1 ovii na prniiiysl ovy< 7al>say
sairy  F f fe«t of oceanic conditions on the < o:;.:i><i c<. i; 1 res< t ve»
of saira! . Ryb. Khoz. 42�!: 16-18.  Tz;insl a< ion by Biire; ii r>F
Commercial Fisheries OFfice of Foreign Fi sl!< r les, '',S, i!«p <z< i<a<.r
ol the Interior, Washington, D.C. !

 !date, Shigezu,
1966a. On tl>e <listribution of l azvae and yoiini, o F t li«saur y,

Cololabis saira, and the condit ion of m,ituzity of t<>c goii,i<1
the spawning fish in the neighborhood of I zu I sl;in<is «n<l Nor th-
eastern Sea a,.ea of Japan. Bull. Tohoku Reg. Fish. Res. l,:-b.

70-102.  In Japanese with English sum>r<azy! .

93

Novikov, Yu. V.,
19 >A. Raiony

 Saury conc
Ryb . Khoi .
Clearinghou
Spring Ci elrl

and L. V. K1 yuev.
promyslovykh skoplenii i lov sai zy v Tikhom <;:.c inc

entrat ion. areaS and fiSherieS in. t!>e i':i< i flc O« .iii!
34�!: 8-13.  Translation 1'!6 !,;ivai l:<b!e «t
se for Federal Science Techni<-al Info ri «t: ion,

V i. 22151, OTS 60-21!00, 9 p;>.!



Odate, Shig< r«.
] 956b . The vertebral number o f the saur y, Col ol ah i s sai ra

 Brevoort! . Bull. Tohoku Reg. Fish. Res. Lab. 8: 1-14.
 In .Japanes with English summary! .

''f ...lot pholo;;ic ~ 1 studies of the saucy <Cololabis as<ra
 Brevoor t! . Bu] 1, Tohoku Reg. Fish. Res. I,ab. 11 t 38-46,
 In .Japanr se with Fnglish summary! .

rib<it ion of larvae of the saury Colo]abis sair;l
in the surrotlnding Sea of Japan. Bull. Tohoku
Res. J.ab. 20: 67-93.  In Japanese with Fnglish

! 962a. Di st

 8revoor t !
t',et, Fi sh.

sit<am<try! .

'l 962b . Ann 1 vs i s o f popu] at ion o f the saur y, bas ing on the
ver tebr al c!tar ac ter. Part I. On the number o f vertebrae of
t he s;«;t.y eau,.,itt in the fa]1 f i shing season. Bull. Tohoku
Reg. Fish. Res. I..ab. 21: 38-49.  In Japanese with Fng] ish
.".ummary! .

Okuno,] 965. Japanese fisheries in today' s world  Sekai mo maka tlio
1'iippon gyogyo! . Nippon Kokusai Mondai Kenkyushu, Tokyo,
197 pp.  In Japanese! .

Pereyra, fy!«I t er 'i'., Steven E. Hughes, George Tanonaka an:i .Jack
ili ch;lr<ts

I 971 ..Joint p]an for the Pacific srsury fishery. Dept. of Com<r<.
N lt.. Ocean . «nd Atmos. Admin., Nat, Mar . Fish . Ser ., Seat t le,
IJn. t,;npubl i.she<! HS., 96 pp.

Po 1 apova, G.
] 965. i i tcratur a po rybokhoryaistvennym issledovaniyam v severo-

vos-tocttnoi i<asti Tikhogo okeana  Literature on fishery
researc!l in t!le northeast. Pacific Ocean! . Tr. Vses. Na«ch.�
i ss] e<i, Inst., Nor sk. Ryb. Khoz . Okeanogr .  Izv. TINRO 53!: 58:
3I 1-345.  Trans] ation pp. 297-373 in "Soviet fisheries
invest i <,at ions in the northeast Paci fic, Part IV,» avai] able

Clear inghouse for Federal Sc ience Technical Informati.orl,
Spr irtg f iei <1, Va . 22151, TT 67-51206. !

R;l iOV i<, h, .John:le<i Ear] D. GibbS
1't54. Ti>e»se of a blanket net in sampling fish populations

Calif. Fi -h C ime 40; 353-365.

Parin, N. V.1960. Areal sairy  Cololabis saira Brev.--Scombresocidae, Pisces!
i. znachenie okeanograficheskikh faktorov dlya ee rasprostran-
r.niya <The range of the saury <Cololabis salts grev.--gcouhre-
socid;te, Pisces! and effects of oceanographic features on its
distribut. ion! . Dokl. Akad. Nauk SSSR 130�!: 649-652.
 Translation bv Bureau of Commercial Fisheries Tchthyologica]
Laboratory, L.S. Department of the Interior, 'd!aShington, D.C.!



Romanov, N . S .

1959. Ukazatel ' 1iteratury po rybnomu khozyaistvu Dal 'nego
Vostoka za 1923-1956 gg  Annotated bibliography on Far Eastern
aquatic fauna, flora, and fisheries! . Izdatel'stvo Akademii
Nauk SSSR, Moscow, 290 pp,  Translation available at Clearing-
house for Federal Science Technical Information, Springfield,
Va. 22I51, TT 64-11101! .

Schultz, Leonard P .
1940. The Pacific saury, Cololabis saira Brevoort from the North

Pacific Ocean. Copeia, 1940. 270.

Shaban.ov, A. N

1966. Sovetskie IsBledovateli-osnovopolo-zhniki teorii Iova ryby
na svec  Soviet scientists--pioneers of the theory oZ fishing
with light! . Ryb. Khoz. 42  I!: 41-44.  Translation by Bureau
of Commercial Fisheries Of fice of Foreign Fisheries, U.S.
Department of the Interior, Washington, D.C.!

Shin Suisan Sokuho

1969. /Japan-Soviet saury meeting to open September 29 in
Kushiro j Shin Suisan Sokuho, Sept. 18.  Transl. Amer.
Embassy, Tokyo, Sept. 1969!.

Shin Tsushin

1970a, LProduction from fisheries and culture totals 8,607,000
tons in 1969--Down one percent from 1968.] Suisan Tsushin,
May 7.  Transl. Amer. Embassy, Tokyo, May 1970!.

1970b. Utilization of saury for 1969 disclosed. Shin Tsushin,
June 10.  Transl. Amer. Embassy, Tokyo, June 1970! .

Sidel'nikov, I. I
1966. 0 ratsional'nom ispol'zovanii sveto-vogo oborudovaniya na

sudakh, zanya-tykh lovom sairy  The optimum use of lighting
equipment on ships for Pacific saury fishing!, Tr. Vses. N,~uch-
issled. Inst. Morsk. Ryb. Khoz. Okeanogr. 61: 191-196.  Trans]-
ation by Bureau of Commercial Fisheries Office of Foreign
Fisheries, U.S. Department of the Interior, Washington, D.C.!

Sokolovskii, A. S.
1969. K voprosu o stradakh sairy v Tikhom Okeane  Populations of

saira in the Pacific Ocean!. Tr. Inst. Okeanol. 68.. 203-208.
 Translation by Bureau  GD! Foreign Languages Division,
Department of the Secretary of State of Canada, Dartmouth, N .S.!

Suisancho Nippo
1969. I Vessels licensed for saury fishing this year drop to 768 .J

Suisancho Nippo, Aug. 11.  Transl. Amer. Embassy, Tokyo, Aug.
1969!.

95



Suisansha

1966. The saury stick-held net fisheries. In Suisan Nenkan
 Yearbook of fisheries! Suisansha, Tokyo, pp. 212-221 .
 Translation by Bureau of Commercial Fisheries Office of
Foreign Fisheries, U.S. Department of the Interior,
Washington, D.C.

Take i, S.
1965. Production techniques and industrial development of fish

soluble. Nippon Kagaku Shiryo Kyokai, Tech. Rep. No. 3: 1-12,

Tanaka, Syoiti
1957. An index to relative size of fish population and effective

fishing ef forts. Bull. of Tokai Fish. Res. Lab. No. 17, 13 pp.

Umemoto, Shigeru
1959. Amino acids in the meat extractives of Pacific saury

Cololabi s saira  Brevoort! . Bull . Tohoku Reg. Fish . Res . Lab .
15: 86-88.  In Japanese with English summary!.

Widrig, T. M.
A method of estimating fish population with application to Pacific

sardines . Fish Wildlife Serv., Fisheries Bulletin, 94  vol. 56!,
pp. 141-166.

Yamamura, Yarokuro and Seichiro Muto.
1962. Studies on the "phototaxis" of the saury  I! In relation to

the Vitamin A of the eye and the other organs. Bull. Tohoku
Reg, Fish. Res. Lab. 21; 57-62.  In Japanese with English
summary! .

Yusa, Tatsuo

1960. Embryonic development of the saury Cololabis saira  Brevoort!
Bull . Tohoku Reg. Fish. Res. Lab . 17: 1-14 .

Zusser, S. C.
1967a. Hiologicheskie issledovaniya sairy i ee promysel  Biological

studies of the saury and its commercial fishing! . Ryb . Khoz
43�!: 81-82.  Translation by Bureau of Commercial Fisheries
Office of Foreign Fisheries, U.S. Department of the Interior,
Washington, D.C.!

1967b. Biologicheskie issledovaniya sairy i ee promysel  Biological
studies of saury and its commercial fishing  conclusion!!. Ryb.
Khoz. 43�!; 84"85.  Translation by Bureau of Commercial Fisheries
Office of Foreign Fisheries, U.S. Department of the Interior,
Washington, D.C .!

96



APPENDIX

JAPANESF. AGFNCIFS AND KEY PERSONNFL ASSOCIATFD WITH THE
WFSTFRN PACIFIC SAURY FISHERY

Ja anese Fisheries A enc Tok o Ja an

Dr. K. Tanaka, Director of the Research Division
Dr. Tomonari Matsushita, Special Assistant to Director of the Research

Divis ion

All-Ja an Saur Fishin Coo erative Association Zen � Sanma!,

Mr. Shigeo Tanaka

Far Seas Fisheries Research Laborator Viho Ja an

Dr. Hiroshi Yabe, Director
Dr . Tamo tsu Yonemor i

Dr. Hajime Yamanaka
Dr. Ichiro Yamanaka

Dr, Osamu Kibezaki

Dr. Akira Suds

Miho Shi ard Co. Miho Ja an

Mr. C. Doke, Managing Director

Colle e of Marine Science and Technolo Tokai Universit Miho Ja an

Dr. Mitsuo Iwashita, Assistant Dean
Dr. Minoru Nishikawa

Dr. Motoo Inoue

Yaizu Fish Market Yaizu Ja an

 The largest tuna landing port in the world, with a 2 � mile
Iong waterfront!

Mr. Warashina  Far Seas Research Laboratory!

Shimizu Shokuhin Kabushiki � Gaisha SSK Shimizu Ja an

 Canning factory specializing in saury!

Mr. Fra, Production Manager

97



Tohoku Re ional Fisheries Re earch Laborator Ship ama Ja an

I>r, H. Sa to, DI rec tor

Dr. Rikiiciii Ishida, Director of the Propagation Department
Mr . Shinichi Fukushima, Head of the First Research Section of the

Marine Resource

I'1r. Shigezu Odate, 1'ishery Biologist
Hrs. S. Odate, Biologist

l'airin lndustr Ship ama Ja an

 Net and alluring light fabrication!

Hr, I:oichi Tsogarashi, I'actory Manager
Mr. 1'akco I~jiya, Business Manager

Halcoclat.c Sc'imo  ;c~. Hakodate Ja an

 I'Ict manul ac tare r!

Mssrs Hozita encl Akaoka

Ilokhaiclo Hvo-Hvo Vosha Hakodate Ja an

 Cann i n g I «c. 'tory!

Mr . 'I'akano

Kush izo I'r c f oct ura 1 Research Lab orator Kushiro Ja an

Mr. Alcira I'ukuhara, IIi r ector

Mr. M..'h~ i to, Hoacl o L the Marine Resource Research
llr . S . Ka~a k amo, Hen cl of Pish Culture and Farming Research
Mr . I:. 'I'or iyabe

Mz. K. 'I'socio, Capt a in of the research vessel Hokko � Maru

11okka1do I'n ivers i t Sa oro Ja an

Dr. F.. Tanikawcc

I1r. M. Tsh ida

:.i ~on Ka aku Shi rvci Fish Meal and Fish Soluble Mf, Co, Kushiro Ja an

Mr ..~.. H inn, Hi rc c t or

Ilolcka i do  '.entra I I'isheries Laboratory Sa oro Ja an

Hr. Hakoto Idako



Kushiro Kamaboko Manufacturin Coa erative Association Kushiro .la an

 Food processing!

Mr. A. Ishioka

Mr. A. Sh ibuya

Ibara i Prefectural Fisheries Research Lahorator Matsushima .1a an

Mr. Tachisaburo Okada, Director
Mr. Saruya, Head of the Fisheries Department
Mr. M. Misono, Captain of the research vessel Mito-Maru

Tohoku Universit Sendai Ja an

Dr. M. Hatanaka
Miss Keiko Takahashi, Research Assistant to Professor Hatanaka
Dr. N. Mitsugi
Dr. T. huzuki

Dr. F. Mitani

Tokai Re ional Fisheries Laborator Tok o,Ja an

Dr . T. Hitaka, Director
Dr, Y. Maniwa, Fishing Vessel Research Laboratory
Dr. N. Yokoyarna, Fishing Vessel Research Laboratory

99



INDEX

8 r 1 a<'nopt<'r<.-r .bol ea 1 i s, 27
Iteirav I or, 24
ge I oni.f -rr;res,

7O

I!< I<e � ami, 34, 35, 36, 5O � 5
T3ol«.� ami oper;rt i on, 57
I'i<!r> i L<r, 39
I r,r i! < r, 57,62, 64, 65
 a I �1'1, ' I, 22, 2'1
 ,':<1iior ~in, 1, 2l,:!7
 :a J 1 orrrrrnus urs ious, 27
  ~ arr Hda > 7

«crrrn< d .,;rrrry,  r7, !II, 7.1,
 ;;rsev, 22
Cerrtra I V;r<. if ic saury, 3,
Chiba Pref< ct rrr;-r1 Fi shing

33, 34
 : I emens, 5

Co J olabi» <docs t<rs, 5,6
 .'<!lo1<rh i s sair,-r,

 .ommr»r i cat ion, 66, 76, 78
C:opepods, 5 7

r<~w ~ 57

72, 82

6, 7, 19, 20
Research, 29,

Drr i l v v<'r t I <';r I rrri gr,rt ion, 26
Dr< r;E <'x<'IE,'111 '<~ <! r, 76, 78
ni p � ~ t-, '34, .'1 !, 3 r, 0-54, 58
i!iree t ion f irr<!c r, 43
Irist.r ilr<rt i<rn, 79, 8.'!
IJr.;r r I <:aurv, 5, 6
Eastern I';rc i I i <. St o .I, 7<, 20, 21
I'.berIrar<It., 2?

I.eulogy,
1'conorrric 1 i I .. of srrury vessel, 39

9, 21, 23
< 1ectro -f1.lrlng, 38
T 1 li s, 83

Ahsorpt.ion coe f f i <. I c nt, 29
Ab;r, 33
Adult s rurv, 9, I1, l3
Agc dc termination, ll
Ag< i � ami, '12
AhJstrorr, 22, . 3
AlIra< orc-tuna, 1,
<'<11»ring li girt s, .'34, 35, 38, 44, 45,

rn, 46, 47, 48, 49, 58, 59
<' rr c r i.c;rn 1':rc i! i c coast, 3,21
Am< r< ian 8:rmoa,

Annual .Iananesc Srr<rrv Study, 11, 24
Aomor i, 68
Atlantic saurv, 5, r

Avushin, 29

Embryonic development, 10
Fngrne, 42, 43
Fxocoetide, 5
Fxpor t, 81, 82
Fx-vessel price, 1., 74, 75, 76

Facsimile transmission, 37, 44
Fall spawn, 11, 12, 14, 15
Fiscus, 21, 27
Fish-alluring lights, 34, 35, 3

58, 59
Fish pump, 37, 38
Fishing master, 57 � 61
Fish meal., 67
Fresh saury, 67-69
Frozen saury, 67-69, 79
Fukuhara, 37
Fukushima Prefecture, 40
Fukushi.ma, 25, 26
Gill, 27, 28
Gill-net, 33
Grignols, 28
Gyosen Kenkvushitsu, 30, 99

8, 44-49,

Hach ida-am i, 30, 31
Halibut, 27
llandling aboard sir ip, 63-66
Hane, 27
Ilamonomawashr, 27
llatanaka, 7, 9, 14, 17, 24
ll i story, 1, 30
Hi tsuke, 28, 3O, 60
Hokkaido, 39, 40, 68, 7
Hokkaido saurv research group, 14
Hokkaido sea-foocl research group, 69
Ilonshu, 68
Hotta, 4, 5, 6, 9, 11, l?, 14, 26
Hrrhbs, 27
Hughe s, 27, 8:3
llvdraulic gc;rr, 37

lOO

Tharagi I'refecture, ?8, 37, 39, 40,
Informati<rn exclrangc, 6 r, 76, 78
Iwate Pr< lecture, 68
,Japan sarrry study group, 9, 11
.Japan Sea, 7,8,9
Japanese government, 41, 45, 74, 83, 85
.Japanese J.and in gs, 1, 2, 7 4
.Iapanese saury fishery, 33, 4O, 44, 48,

78, 83
.Japanese theory, 8, 9, 11-19, 24
JuveniJc saury, 10, I.'3



Ka j imura, 21, Z7
Klmura, 7, 9, 17, 25
Klynev, 17, 18
Kohavashi, 4, F>, 7, 15, 16
Kot<>va, 29

Kul ikov, 21
Kushiro, 39
larvae, 9, 10, 11, 13, 21, 24
1,!censes, 41
Life cycle, 12, 13, 23, 24, 30
l.ights � � see search li ght or

a I l.ur 1 ng lights
Light attraction, 28, 30, 60
Line-hauler, 40, 50, 54, 55
Loran, 37, 40, 43
Mackerel, Z7
Marketing, 74 � 82

ture saury, 9, ll, 13
Maximum sustainable yield NSY!,23
Migration, 9, 15
I'fito-maru, 39
Murakami, 34
pluto, 29
Nagashi, 27
Na gas h i � ami, '.33
Naito, 9, .12, 31, 85
Nakaminato, 40
Nank.ing sanma, 72
NMPS, 3, 19, 22, 23, 85
Novilcov, 17, 18, 21
Odate, 8, 11, 26, 85
Ogon, 21
Okhotsk Sea, 6, 7
Oregon 21, 22, 28
0sh id ake, 58
Otolith, 11, 12, 14

Pacific saury, 4, 6,83
Parin, 18, 20, 25
Pereyra, 23, 85
Pickled saury, 72
Power side-roller, 37, 40, 50, 54 � 56
Predators, 26
Price, 74, 75, 76, 81
Processing, 67 � 73
Propeller noise, 58

Quality Control, 63, 66, 71
Radar, 37, 43
Radio, 43, 44
Red Lights, 60
Remote rudder control, 57
Research bases, 66, 76, 78

Sa i ra-Oam i, 3?.
Sak! ura, 38
Sashimi, 69
Scale ring», 12, 14
School ing, 26, 36, 60
Scomberesocidae, 4, 5
Scomberesox saurus, 5, 6
Search lights, 43, 47, 57, 58
Season, 41, 76
Shin-suisan sokuho, 7
Shirami, "7
Side-ro] 1 ers, 37, 40, 50, �, 55,
Smoked saurv, 72
Snatch hook, 55
Soko, 27
Sokolovsk i 1, 4
Sar ting, 37, F>9, 70
South Korea, 7, 8, 33
Soviet gear, 38, 44, 4 !, 49, '>2, '�, F�
Soviet theorv, 4, 8, I 2, 17, 19,
Soviet Union, ], R, R3
Spanker, 43, 58
Spawning, 7, 8, 29, 30, 31
Spring-born, 9, 12, 14, 16
Stomach ana].ysis, 21, 23, 28
Straw � mat method, 30, 31
Sugama, 5, 14
Tamo, 57, 62, 64, 65
Tanikawa, 71, 81
Temperature, Nolding, 63
Temperature, Mater, 24, 25, 43, 57, 76
Thermal gradient, 24, 25, ?6
Tuna, 1, 39

Tuna bait, 1, 3, 7, 27, 69, 70, 71, 79,

U.S.S.R., 83 � � »ee Soviet
Utilization, 67, 68, 71
Vessel Construction, 40-4?
Washington, 21, 22, 2R
Waste, 73
Western saury stock, 4, 6, 7
Wi lby, 27
Wind, 2 5, ZF», "8
Wisner, 27
Vamamura, 29
Young saury, 13
Yusa, 10

Zengyoren, 78
Zensanma, 78, 97
Zusser, 6, 25, Z6>



Prei~ ctural Map of Nor th-Easi .T;~pan,

102




