
7８

T}leoretica,lEstimationofAlbacore-shoa,IsDimensions

inAccordancewiththeCharacteristic

ofFishing-rates

byToshiroKuRoKI

釣獲率j(ウするピンナガ魚群態の算定理論

黒木敏郎

１．Introduction

lnthepresentday，ｗｅｃａｎｏｎｌｙｃｏｎｆｉｒｍｓｈｏａｌｓｉｎｔｈｅｒａｎｇｅｏｆｆｅｗｍｅｔｅｒｓ，at
mostfewhundredsmeters,bysomeopticalapparatusorbysounding（fishfinder)；
ｏｆｃｏｕｒｓｅｔｈｏｓｅｉｎｔｈｅｒａｎｇｅｏｆｓｅｖｅｒalkilometers，ｆｏｒｅｘａｍｐｌｅｉｎｔｈｅｌｏｎｇ－ｌｉｎｅ
ｆｉｓｈｉｎgofalbacore，arebeyondourcapacity･Therefore，thoughmanystudies
aboutthevirticaldistributionofthisfishhavebｅｅｎｄｏｎｅｂｙｍａｋｉｎｇｓｏｍｅｉｎｖｅｓ‐
tigationsonthelengthofbranch-roｐｅｓａｎｄｔｈｅslacknessofmain-ropesinthe
long-linefishing1)，ｗｅｃａｎｈａｒｄｌｙｅｖｅｒｅｘｐｅｃｔｔｏｆｉｎｄｔｈｅstudyaboutthehorizontal
distributionsofalbacoreshoalsmeasuredbykilometerunit・
Ｉｎｔｈｉｓｐａｐｅｒ，theauthordescribesanewmethodbywhichtheconditionsof
thehorizontaldistributionofalbacoreshoalsintheoceanwillbeascertained

throughconsideringthecharacteristicofthehistogramsonthefishing-rates＊ｏｆ
･thelong-1ine・Ａｌｔｈｏｕｇｈｔｈｅｒｅｍａｙｒｅｍａｉｎａｆｅｗｕｎｃｅrtaintiesintheresultsof
thecalculations，ｔｈｅａｕｔｈｏｒｍａｙｖｅｎｔｕｒｅｔｏｓａｙｔｈａｔｔｈismethodcontainssome
whatoriginalideatoresolvetheproblemsofferedbytheinvisiblephenomena
underwater・

FundamentalconsideratiOns：Here，１etusconsiderthehistogramofthe
fishingrateaboutthefrequencyoflong-linefishingduringadefiniteseasonona
certainfishingground・

Ｉｆａｌｂａｃｏｒｅｓｉｎｔｈｅｓｈｏａｌｓｏｎｔｈｅｆｉｓｈｉｎｇｇｒｏｕｎｄａｒｅａｓｓｕｍｅｄｔｏｂｅｖｅｒｙｓｐarse‐
lypopulatedanduniformlydistributed，ａｎｄｉｆｍａｎｙｌｏｎｇ－】inesaresetoptionally
oververywideground，ｔｈｅｃｕｒｖｅｏｆｔｈｅｈｉｓｔｏｇｒａｍｓｈｏｕｌｄｂｅａｓｇｉｖｅｎｉｎＦｉｇ、１－a・
Usually，however，experienceｓｅｎａｂｌｅｌｏｎｇ－ｌｉｎｅｓｔｏｂｅｓｅｔｉｎａ‘‘ｇｏｏｄseason，，
ｏｎａ‘‘goodfishingground，，、Therefore，whenthedimensionsofthefishingground
areappropriatethelengthofalong-line，ａｎｄｗｈｅｎｔｈｅｔｉｍｅｏｆｆｉｓｈｉｎｇｍａｔｃｈｅｓ
ｗｉｔｈｔｈｅ“season，，andthedistributionoffishesisuniformandnorich，thenthe
histogramofthefrequencyofthefishingratesshouldshowanoｒｍａｌｃｕｒｖｅｗｈｏｓｅ
ｍａｘｉｍｕｍｍｏｄｅｌｉｅｓｏｎａｒａｔｅｎｏｔｚｅｒｏａｓｇｉｖｅｎｉｎＦｉｇ、１－b，
Ｎｏｗ,ifthedistributionofalbacoresshｏｕｌｄｎｏｔｂｅｕｎｉｆｏｒｍａｎｄｔｈｅｇｒｏｕｐｏｆｆish
shouldbeformedonerichshoaliｎｓｏｍｅｅｘｔｅｎｔ（witharangeoffewkitometers，
aboutatenthofthelengthoflong-line)，thelowfrequenciesshouldbefoundａｔ
ｔｈｅｈｉｇｈｒａｔｅｓｉｄｅａｎｄｔｈｅｈｉｇｈｅｒｍｏｄｅｏｆｏｎｅｓｓｈｏｕｌｄｂｅａｐｐｅａｒｅｄａｔｌｏｗrate
side・Especially，becauseitmaybehappenedveryofteｎｔｈａｔｔｈｅｌｏｎｇ－ｌｉｎｅｄｏｅｓ
ｎｏｔｂｅｅｎｃｏunteredtherichshoal，thepeakoffrequencymaybeappeareｄａｔｖｅｒｙ
ｌｏｗｆｉｓｈｉｎｇｒａｔｅａｓｉｎＦｉｇ、１－c、

＊“Fishingrate（％)，，meanscatchesperlOOhooks．
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Fishingrate％

Ｆｉｇ．３．Ｔｈｅｔｏｔａｌｎｕｍｂｅｒｓｏｆａｌｂａｃｏｒｅｂｙｔｈｅlong-linein

fivebasketsadjoinedeachother．

（Feb.～Mar､1953,byNissh5-Maru）

ｑＱＯＯＱａＱｎ

Se“on:DeC.,Ｊ皿＆Ｆｏｕ

Ｅ；』｡"～Ｊ６ひ；

：No.OrBampI的：””

Begion：Ｎ；２ケ~”

(Z9f8～２９８Ｊ）

Fishingrate

And，ｉｆｔｈｅｒｅｓｈｏｕｌｄｂｅｎｏｔｏｎｌｙｏｎｅｓｈｏａｌｂｕｔｓｅｖｅｒａｌｓｈｏａｌｓｉｎｔｈｅｆｉｓｈｉｎｇ

ｇround，ｎａｔｕｒａｌｌｙｔｈｅｌｏｎｇ－ｌｉｎｅｉｓｔｏｂｅｉｎｔersectedwiththeseveralshoals・Then

thehistogramoffrequencyshouldｂｅａｐｐｅａｒｅｄｔｏｈａｖｅｓｅｖｅｒａｌｐｅａｋｓａｓＦｉｇ．１－．；

i､e・ｔｈｅｓａｍｅｍｏｄｅｓａｓＦｉｇ、１－ｃｓｈｏｕｌｄｂｅｓｕｐｅｒｐｏｓｅｄａｔｈｉｇｈｒａｔｅｓideinlow

frequencies・Thus，ｗｅｍａｙｂｅａｂｌｅｔｏｅｓｔｉｍａｔｅｔｈｅｄｉｍｅｎｓionsofalbacoreshoals

bymakinguseofsuchcharacteristicsofthehistogram・Ｔｈｉｓｉｄｅａｓｈａｌｌｂｅｄｅ‐

velopedintoaestimatingtheory・

Datatreated：WeselecteddataoffishingratefromtheWorking-Reports，

Supplementary-ReportsNo､１anditsAppendixDiagram（1952)2)ofNANKAIReg‐

ionalFisheriesResearchLaboratory,andarrangedtheminorder（everymonth

l949-1951,ｅｖｅｒｙｒｅｇｉｏｎｏｆＡ.Ｂ､Ｃ)：Ｃｆ・supplementaltables・

Ｆｏｒａｎｅｘａｍｐｌｅ，thehistogramof3243samplesinDec.，Jan.＆Feb、1948-1951

onaregion（Ｎ：２４?～45･,Ｅ：140°～160･）ｉｓｓｈｏｗｎｉｎＦｉｇ､２．
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Ｎｏｗ，itisevidentthatasdescribedabovetheactualphenomenaaresimilar
tｏｔｈｅｌａｓｔｃａｓｅ（Fig.１－.)．

Itmaybesaidthatanotherdata3)（Fig.３）ｈａｖｅｔｈｅｓａｍｅｍｅａｎｉｎｇｌｎＦｉｇ､３，
onepitchofdotsindicatedfivebasketsoflong-1inesandthetotalnumbersof
albacorescaughtinfivebasketsadjoinedeachotherareshownasheightona
centerbasketwhichisslidedfromoneend（exceptingtwobaskets）ｔｏｔｈｅｏｔｈｅｒ
ｅｎｄ（leavingtwobaskets）ofthelong-line・Ａｓｗｅｓｅｅ,thegroupsofcatchesare
shownperiodicallyandsimilarly・

Then，ourconsiderationisledtothepresumptionthattheremaybeseveral
richshoalsofalbacoreinthefishinggroundandthattheseshoalsaresetinarray
atadistance・Ａｍｄ，ｔｈｅｅｆｆｏｒｔｓｔｏｒesolvethedimensionsofthealbacoreshoalson
thepresumptionbegin．

Ⅱ、Theoreticalestimati0n

Thetheorｙｉｓｇｏｉｎｇｔｏｂｅｅｘｐａｎｄｅｄ
ｏｎｔｈｅｆｏｌｌｏwingseveralassumptions・ Ｆｉｇ．４．Illustrationontheassumptibns．

(Ｃ､f・Fig.４.）

＠Shoalsareshiftingonthelines
whichareinparallelwitheachother

at２〃（kilometer)intervals,ａｎｄｔｈｅｄｉｓ‐
ｔａｎｃｅｂｅｔｗｅｅｎｏｎｅｓｈｏａｌａｎｄｔｈｅｎｅｘｔ

iｓ２ｓ（kilometer）ｏｎｏｎｅｌｉｎｅ・

Whenalong-1ine,２Ｊ（kilometer）ｉｎ

ｌｅｎｇｔｈ,ｉｓset,itmaybeintersectedwith
oneormoreoftheseparallellines．

＠Theshapeofshoalisaellipsoid；
butasthedimensionsmaybeseveral
kilometerswhilethethicknessofshoal

(therangeofdepthsinwherealbacores

aremigrating）ｉｓｏｎｅｈｕｎｄｒｅｄｍｅｔｅｒ２

／〆

8０

＊２),３)：TheauthorthankstoDr・NAKxLMuRAandMr・UEYAⅣAGIfortheirco-operationine

collectingthesedata．

〆

Theprobabilityoftheintersectingofalong-1inewithalbacoreshoalｓｉｓｃａｌｃｕ‐
latedaccordingtotheresolvingmeｔｈｏｄｏｆｔｈｅ‘‘Buffon，sNeedleProblem''4)．Inthe

followingChapters，theneedleisconsideredtobeequivalenttoalong-lineandthe
paralleｌｌｉｎｅｓａｒｅｔｏｂｅｐａｒａｌｌｅｌｂａｎｄｓｏｎｗｈichtheshoalsshift・

'１．０．Non-encounteringprobability

Whenalong-1ine（2ノinlength）islaiddiscretionallyontheparallellines（ａｔ
2〃intervals)，dPh,@theprobabilityofthatM（thelniddlepointof2ﾉ）liesbetween

fiffri茎
aremlgratmg）isonehundredmeteratmost，ｉｔｍａｙｂｅｒｅｇａｒｄｅｄａｓａｋｉｎｄｏｆ
ｅｌｌｉｐｔicplate・

Thelengthsofmajorandminoraxiseｓａｒｅｆｉｘｅｄｔｏｂｅ２ａａｎｄ２６（kilometer）
longrespectively．

＠Ｔｈｅdirectionoftheshiftingofshoals,orthedirectionoftheparallellines，
ｍａｙｂｅｎｏｔａｌｗａｙｓｉｎａｃｃｏｒｄｗｉｔｈｔｈｅｍajoraxisoftheellipse・But,here,１etit
beconfessedthattheauthorreｇａｒｄｅｄｔｈｅｍｔｏｂｅｉｎａｃｃｏｒｄｗｉｔｈｅａｃｈother，ａs
thisassumptionhasnoessentialinfluenceonthecalculation．
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ｔｗｏconditions

(i､ｅ・ｏｆｔｈｅｌｏｎｇ‐

ここi雪雲言

〃ａｎｄ“shouldbewrittenas（Ｃｆ・Fig.５）
ａＲｊ"＝“/〃 （１）

（ｉｎｔｈｅｒａｎｇｅＯ＜苑≦")．

ＩｎＦｉｇ､５，ｂｅｃａｕｓｅｔｈｅｅｎｄｏｆ２ノｉｓｌａｉｄｏｎｔｈｅｐｏｉｎｔＮ（舞善O)，
苑＝ノ.Ｓin６

．．．．兆＝ノ･Ｃｏｓ６･〃 (2)．

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,αＲ)etheprobabilityofalong-line'sinclining
and6，ａｌｓｏｂｅｔｗｅｅｎ７ｒ－６ａｎｄ７ｒ，ｉｓｇｉｖｅｎａｓ

ｄＰｂ９＝２６/元 (3)．

Therefore，theprobabilityofthelong-line，slyingunderthesetw
shouldbewritｔｅｎａｓ

ａＰＯ＝αＨ,麺×ｄＰｈＯ
ｏｒ

〃0＝(2ﾉ/汀").6.Cos6.〃 (4)．

Here,letusconsideroftheprobabilityofnon-encountering（i､ｅ､，
line'snon-intersectingwithanyparallellines)．

ＡｓｗｅｓｅｅｉｎＦｉｇ、６，ｔｈｅｒａｎｇｅｏｆｊｒｓｈｏｕｌｄｂｅｇｉｖｅｎａｓ

betweenO

ルー(6/2)－(J×6/ゾ(2s一α)ｚ－ａ２＋６２)．

Furthermore，wemusttakethemodificationabouttheendpositionN
equation･Ｔｈｅmodifyingfactorshouldbegivenas

（２．s･6-7rα･6/4)/2s６ｏｒｌ－(汀α/8s)．

intoｔｈｅ

ノ×6/v/(2s－α)２－α診十62＜苑≦"－６/２(5)．

Ａｎｄｉｎｓｔｅａｄｏｆ〃ｉｎＥｑ．(4),ｗｅｈａｖｅｔｏｔａｋｅｔｈｅｖａｌｕｅ；



Thus,weobtainthenon-encounteringprobabilityPoasfollows；

B-I‘PF砺一‘(,/2+w(両三両汀l:，糊¥‘’
２J（1-7rα/8s）

ｏｒ

〃．=州…ﾉ2+Ｍ21-‘)勘_"Ｗ)1×〔'伽十CoSl〕W卿~'《…Ｚ（8冗一汀α）
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Ｆｉｇ．７．Thecaseofone-encounterering．

１１．１．One-encounteringprobability

ｌｎｔｈｉｓｃａｓｅ（C､f・Fig.７)，ｔｈｅｒａｎｇｅｏｆｊＣｉｓｓｉｍｐｌｙｇｉｖｅｎａｓ
（2"－６)/2＜"≦(4"－６)/２，

ａｎｄｔｈｅｖａｌｕｅｏｆ〃ｉｎＥｑ.（４）ｓｈｏｕｌｄｂｅａｓｆｏｌｌｏｗ

（4"－６)/２－(2"－６)/２，ｉ､e・〃remainsitself・

Ｔｈｅｒａｎｇｅｏｆ６ｓｈｏｕｌｄｂｅｗｒｉｔｔｅｎａｓ

Ｓｉn-1(Z7F5/2J)＜6≦Sin-'(4"－６/2J)．

Ｉｔｉｓｎｅｃｅｓｓａｒｙｔｏｔａｋｅｔｈｅｆａｃｔｏｒ（１－汀α/8s）inlikewisethepreviouscase・
Simultaneously,themodifyingfactoraloftheprobabilityofthelong-line，shaving
tobeencounteredoncewithanellipseofshoal，hastobetakenintotheequation・

ＩｔｍａｙｂｅｔｈｏｕｇｈｔｔｈａｔｔｈｅｖａｌｕｅｏｆａＩｓｈｏｕｌｄｂｅｅｑｕａｌｏｒｐｒｏｘｉｍａｔｅｔｏｌ､00．
Ｗｈｅｎｔｈｅｅｎｄｏｆｔｈｅｌｏng-lineliesuponNinFig、８，ｔｈｅｖａｌｕｅｏｆａ，isgiven

approximatelyasfollow；

α,＝(ＸｌＯ,＋Ｏ１ＸＤ/(Ｘ１０,十2ｓ－Ｘ３０'）

心
ｌ
曇
、

Ｆｉｇ．８．Illustrationabouttheconsideration

toobtaina1approximately．

、ジージーアー戸、ゴーゴー戸～戸～戸、ヴヘー

(6)．
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and，fromgeometricalcalculations，ｗｅｇｅｔ
α,＝6(帥ｓ－α)/s(2"－６)，

where”＝０，１/2,1,1艶,……．

Thus，PItheprobabilityofone-encounteｒｉｎｇｉｓｇｉｖｅｎａｓ

昨卯器伽伽l:二:鰯#伽Ｍｏｒ

Ｒ=4竺蒜辿雛子〔州､‘+C･S'〕::二:剛

(8)．

(7)．

（幾零))受themodifyingfactora2

Thus，p2theprobabilityoftwo-encounteｒｉｎｇｉｓｗｒｉｔｔｅｎａｓｆｏ１ｌｏｗ

Ｐ欝=火荒禦×峨缶字〕‘×〔,Sin,+Cos,〕Sm~'《"-"'”
ｓｉｎ－Ｉ(4"－b)/2Z

Underthesameconsiderationasinthepreviouscase，

therangeof”：（坐乞土)<鰯≦(竿）

伽rangeｏｆ’：Sin-1(芋)<'≦Sin-!(ヱデ）

（'-器）themodificationabouttheend：

１１．２．Two-encounteringprobability

Letustreat，inthissection，ｔｈｅｃａｓｅｔｈａｔ‘‘thelong-lineencounterswiththe
lstshoalupononelineofparallelsaｎｄｆｕｒｔｈｅｒｉｔｄｏｅｓｔｈｅ２ｎｄｓｈｏａｌｕｐｏｎｔｈｅ
ｏｔｈｅｒｌｉｎｅｏｆｔｈｅｍ，，．Ｃ､ｆ・Ｆｉｇ．９．

Ｆｉｇ．９．Thecaseoftow-encountering．

１１．３．Generally，７p-encounteringprobability

Likewisewiththepreviouscases，

〆一一

」（
雨
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where（2両2十面凧2)＜(2ﾉ)2＜(茨死面元2＋2("＋1)"2）
ａｎｄＯ≦伽く"・

'１．４．Ｎｏｔｉｃｅｓｉｎｏｔｈｅｒｃａｓｅｓ

Ｎｏｗ,intheactualphenomena,ifthelong-1inemaybeintersectedwith"lines
ofparallels，ｉｔｄｏｅｓｎｏｔａｌｗａｙｓｆｏｌｌｏｗｔｈａｔｔｈｅｌｏng-lineshouldbeencountered
with〃shoalswhichareshiftingrespectivelyonlZ1ines・Because，ｉｔｍａｙｂｅｈａｐ‐

penedthatthelong-lineencounterｓｔｗｏｏｒｍｏｒｅｓｈｏａｌｓｕｐｏｎｏｎｅｌｉｎｅａｎｄthatit
doesnotanyshoalsonseverallines・
Inthecasethatthelong-lineencountersJshoalswhileitintersects〃lines，
thisprobabilitymaybewrittenasfollows

〃"='(謡の×〔:識三男〕受〔州､'+Cos'〕:M二噸壷'“（”
ａｎｄａｔｙ＜”；Ｐ"＞Ｐ碗y＞Ｐ”，

ａｔＪ＞〃；Ｐｙ＜Ｐ蝿"＜Ｐ秘．

●

、
、
，
〃
グ

《
叩
／
】

『
０
０
－

“
″
‐
砥
、

（型妄且)<態≦(2("+書"-‘）

Sin-‘(空:テム)<'≦Sin-1(2("+芸作６）

α蝋=巴畿三叙
Then，theProbabilityof〃-encounteringshouldbegivenas

R‘='(潔の×〔:欝三鍔〕"×〔州､‘+C･鼠‘〕i:;:二罵蓋:鰻‘

＝Ｅ〉３，

（11)．

(10)．

ＩｎＥｘａｍＰｌｅｏｆｓｏＩｕｔｉｏｎ

ＡｓｉｔｉｓｔｏｏｃomplicatedtoobtainthesolutionsｏｆＰｉ‘"，wecannotbutresOlve

onlyP鯛inthispaPer・ＦｒｏｍＥｑ.(9),ｗｅｏｂｔａｉｎ

Ｐ鵬=(‘瀞)(:器三部〔(2("+1ル‘}Sin-l(2("甥"-‘）
＋ゾ(2が一{2("+1ル岬一(帥_‘)Sin-‘(塑崇）

(9)，

－ゾ(2‘)蝋-伽-坪〕
Thisequationissimplifiedbynextdenotations・

（&瀞)=C,(型:二型)=D，

〔(2脚6)Sin-1(些祭)+,、に(2僻‘)響〕
Ｐ"＝Ｃ､Ｄ"･が．{Ｅ"+,一Ｅｳ､}/(2""－６)鴨１．ｅ･

Then，ａｔ”＝１；Ｐ!＝Ｃ･Ｄ･６.(Ｅ２－Ｅ,)/(2"－６）
ａｔ”＝２；Ｐ２＝Ｃ･Ｄ２･が．(Ｅ:１－Ｅ２)/(4"－６)２

ａｔ〃＝３；Ｐ鮒＝Ｃ､Ｄ3.63.(Ｅ４－Ｅ:I)/(6"－６)３
ａｔ〃＝４；Ｐ４＝Ｃ･Ｄ４・が．(Ｅ５－Ｅ４)/(8"－６)４
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Ｗｅｍａｙｂｅａｌｌｏｗｅｄｔｏｂｅｌｉｅｖｅｔｈｅｆａｃｔ；wegotthetheoreticalresultsthatin

thefishinggroundsofWestPacificOceanalbacoreshoalsaredistributedatseveral

FromEqs．（12)，

；
Ｉ

ｊＰｌ－≦（4ルー6)Ｚ‐(E2-E1）
Ｐ２，．６.(2"－６）（Ｅ３－Ｅ２）

P2－（6ルー6)３－｡(E郷一Ｅ２）
Ｐ３，．６．(4"－６)２（Ｅ４－Ｅ３）

F3＝（8"－６)４。(Ｅ４－Ｅ慰）
Ｐ４，．６．(肋－６)３（Ｅ５－Ｅ４）

FromEqs．（13)，

暮言蝋j蕪:|側
and６，becauseE1,Ｅ2,…,Ｅ５ａｒｅｆｕｎｃｔｉｏｎｓｏｆ〃’６ａｎｄノ（ノｉｓａｌｒｅａｄｙｋｎｏｗｎｆｒｏｍ

Ｎｏｗ，ｌｅｔｕｓｓｈｏｗｏｎｅｅｘａｍｐｌｅｏｆｔｈｅｒｅｓｕｌｔobtainedthroughthoseways，ａｓ

(13)．

lnanotherexamPle（Mar､1949,A-region)，ｔｈｅｂｏｔｈａｘｅsofshoal-shapeandthe

distancesbetweentwoshoalsarecalculatedas２．９ｋｍ，0.8kｍ；４．４ｋｍ,３．７kmrespec-
tivdy．

●●●●●●●●●●●●●●●●●●００●●０．●････●●●●０００0●●●０●・・・

Summingupthoseconsiderationswegettheresultthatthedimensionsof

albacoreshoalsarel～２ｋｍ，ａｎｄthattheshoalsaredistributedat4～１０kmdistance

inthefishingground、

１Ｖ・Discussion

Ｄａｔａ：Jan､1949,Ａ-Region（277samples）

Ｍｎ……………叩|灘
Meanlengthoflong-linesused ：２ノー２４km

Thevaluesobtained〔solutionsbydiagrammaticmethodfromEq.（14)〕：
２〃＝4.52ｋｍ

２６＝1.00ｋｍ

２ｓ＝9.8,ｋｍ
ＦｒｏｍＣ,ＤａｎｄＥｑ．(6)：

２α＝１．６２ｋｍ
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kilometersdistance，ａｎｄｔｈａｔｔｈｅｄｉｍｅｎｓｉｏｎｓｏｆｏｎｅｓｈｏａｌａｒｅｌ～２ｋｍ・Ofcourse，

byanyopticalapparatus，ｉｔｉｓｉｍｐｏｓｓｉｂｌｅｔｏｏｂｓｅｒｖｅｔｈｅｓｈｏａlsortheirdistribu‐

tionsinthislengthorder（k、)．And,ｅｖｅｎbyusingahorizontalfishfinder(echo‐

sounder)，ｉｔｍａｙｂｅｖｅｒｙｄｉｆｆｉｃｕｌｔｔｏｒｅｃｏｒｄｔｈoseshoalsandtheirdistributions・

Afterall，forthepurposeofresolvingthemigratingmannersofshoalsin

ocean，ｉｔｉｓｔｈｅｂｅｓｔｍｅｔｈｏｄｔｏｔｒｅａｔｔｈｅｄａｔaoffishing-ratesbythetheoretical
andstatisticalmeansundertheconsiderationsdescribedabove・

Byperforminganothertheoreticalcalculations，ｉｎｔｈｅｐｒｅｖｉｏｕｓｅｘａｍｐｌｅ，itmay

beestimatedthatthevelocityofmigratingshoalsshouldbeabouｔ６ｋｍｐｅｒｈｏｕｒ
ａｎｄｔｈｅｎｕｍｂｅｒｏｆｆｉｓｈｅｓｉｎｏｎｅｓｈｏａｌｓｓｈｏｕｌｄｂｅａｂｏｕｔｌ３０００･

Thesetheoreticalmethods＊toresolvethenextquestionsshallbepublishedby

theauthorｉｎａｎｏｔｈｅｒｐａｐｅｒ：

、Howmanyfishdoesoneshoalcontain？

＠Ｗｉｔｈwhatspeedareshoalsmigrating？

、Howtosetalong-lineforgoodcatching？

Ｖ･Ｓｕｍｍａｒｙ

1．Thehistogramofthefrequencyoffishingratesinlong-linealbacorefishingon
thePacificOcean(Ｎ:24｡～45｡,Ｅ：130｡～180。)showssomewhatsignificantmodes、

2．Theauthorinterpretedthemeaningｏｆｔｈｉｓｍｏｄｅｓｂｙｓｕｒｍｉｓｉｎｇｔｈａｔｉｔｍａybe
causedbyalong-1ineencounteringwithseveralalbacoreshoals・Ａｎｄｈｅｐａｉｄ
ｓｏｍｅｅｆｆｏｒｔｓｔｏｒｅｓｏｌｖｅｔhedimensionsofshoalsanditsdistributionsunderthe

considerationoftheprobabilityinthe‘‘Buffon，sneedleproblem，，、

3.Ｂｙａｓｓｕｍｉｎｇｔｈａｔｔｈｅｓｈａｐｅｏｆｓｈｏａｌｉsellips（ａｘｅｓ２ａ,２６）ａｎｄｔｈｅｓｈｏａｌｓａｒｅ

ｓｈｉｆｔｉｎｇｏｎｔｈｅｐａrallellines（intervals2"）atthedistances2s,theprobability
of〃-encounteringsisgivenasEq.(9)．

4.Ｉｎａｎｅｘａｍｐｌｅｏｆｔｈｅｒｅｓｕｌｔｏｆｃａｌｃｕｌations（Jan､1949,A-region)，ｔｈｅｖａｌｕｅｓｏｆ

２α，２６，２ｓａｎｄ２〃areobtainedas１．６ｋｍ，１．０ｋｍ，９．８ｋｍａｎｄ４．５kmrespectively･

Itisimpossibleorverydifficulttoresolvetheunder-waterphenomenａｗｉｔｈ

ｓｕｃｈａｌａｒｇｅｓｃｏｐｅａｓｔｈｅｓｅｄｉｍensionsbyopticalorsoundingapparatus・Ａｆｔｅｒ
ａｌｌｉｔｉｓｔｏｂｅｔｈｅｂｅｓｔｍｅｔｈｏｄｔｏｕｓｅｔｈｅｉｄｅａｄｉｓｃｒｉｖｅｄｉｎｔｈｉｓｐａper、

5．Aboutthetheoreticalmethodstoreｓｏｌｖｅｔｈｅｐｒｏｂｌｅｍｓ－ｔｈｅｎｕｍｂｅｒｏｆｆｉsｈ

ｉｎｏｎｅｓｈｏａｌ（forexample,13000)，thespeedofshiftinginthemigratioｎ（for
example,ａｂｏｕｔ６ｋｍ/hr),ｈｏｗｔｏｓｅｔａｌｏｎｇ－ｌｉｎｅｔｏｓｅｃｕｒｅｇｏｏｄcatches-ano‐
therpapershallbepublished．

Ｖ1．References

1).Ｆｏｒexample,Ｔ・YosHIHARA：JournaloftheTokyoUniv・ｏｆFisheries,Vol41,No.１(1954)．
2).ThesepublicationsweresenttotheauthorthroughthegoodofIiceofDr・NAKAMuRA、

3).ＴｈｅｓｅｒａｗｄａｔａｗｅｒｅｓｅｎｔｂｙＭｒ､UEYANAGIandtreatedbytheauthor、

4).ThisproblemwasresolvedbyBuffon（GeorgeLouis,1707～1788)．

＊Thesetheoreticalmethodsandcalculatedresultshadbeenannouncedorallybytheauthor

ontheannualmeetingsoftheJapaneseSocietyofScientiacFisheries（1952andl953)．
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要 約

＠太平洋（Ｎ:２４｡～45.,Ｅ：Ｚ30｡～Z80｡）におけるピンナガ延細漁の釣獲率のヒストグラ

ムを画いて承ると意味あり気な山が出て来る．

＠筆者は，この山が延縄とビンナガ魚群との交裁によって生ずるものと見た．そして「ブツ

フォンの針の問題」の確率解法に準じて之を解き魚群の大きさやその分布様態を解こうと努

力した．

＠魚群を長軸２α，短軸２６なる楕円とし之が距離２Ｓづつ離れて間隔２〃なる平行線群上

を移動しつつあるものとすれば，延細が〃魚群と遭う確率は(9)式で与えられる．

＠計算結果の例（1949年１月，Ａ海区）では，２α・２６．２ｓ・肋の値として夫々Ｚ･6kｍ．

Ｚ､０ｋｍ・９．８ｋｍ・４．５ｋｍが得られる．

この程度の大きさの水面下現象は視力による方法でも音響探測装置による方法でさえも之

を解明する事が不可能叉は極めて困難であって，結局本文に説く考え方を活用するのが最も

よいと信ぜられる．

＠一群中の尾数（例解ではＺ3,000尾)，洞瀧における移動速度（例解では毎時約６ｋｍ)，好

漁を得るための縄の延え方などの諸問題を解く理論的方法については別報として他日発表す

るつもりである．（以上）


