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Comparison between Conventional and Bayesian Statistics
in Interval Estimation for Quadrat Method and Petersen Method

Tatsuro AKAMINE®

Abstract The quadrat method and the Petersen method are basic techniques for the investiga-
tion of stock size. The binomia distribution or the hypergeometric distribution is used for these
methods in statistics. The comparison between the conventional and Bayesian statistics for these
models makes it easy to understand the meaning of the confidence interval. Several numerical
examples show that the approximation to the norma distribution corrected by half integer is the
most useful method for these models. The classica Bayesian method in which a uniform distri-
bution is used for prior distribution of # or p is most adequatel because its confidence interval
is proven to be almost equal to that of the conventiona statistics.

Key word: Bayesian, binomia distribution, hypergeometric distribution, interval estimation, Pe-

tersen method, quadrat method

00000 Pterscen0 00000000 ODO0OO
goboooooooooboocoooboooboooo
goboooooooooboocooobocoobooooo
oobooooooooobocooobooboooboooo
oobooooooooobooooboboooboooo
goboooooooooboocoooboooboooo
goboooooooooboocooobocoobooooo
oobooooooooobocooobooboooboooo
oobooooooooobooooboboooboooo
goboooooooooboocoooboooboooo
0000 Petersen 00000000 OCOOOODOO
ooooo

ooobooooobooooobobooooooooDo
goboooooooooboocoooboooboooo
ooooooooOoooobOooboocoooobooaon
omoooooobooooocooooooboooboo

gooobooooobooboooooob* ooggr

goboooooooooboocooboboooboooo
gooooooobooooomooooooboooo

ooboboooobooooooooobboooobooono
goboboboooboooooooooboboooobooono
coboobooobooooooOooOoobObocOoOoobooono
00000000 000000000 Sebenrmd
ooboboooobooooooooobboooooono
gobobooooboooooooooboboooobooono
coboboboooboMmoooooobooooooo
oobobooooobooooooooobboooobooono
ooboboooobooooooooobboooooono
gobobooooboooooooooboboooobooono
coboboocooboooooooOoobOboOoobooono
oobobooooobooooooooobboooobooono
00000000000 0000000 0 Non-Bayesian
gobobooooboooooooooboboooobooono
000000000 NonBayesOOOOOQOOOO
ooboboooobooooooooobboooobooono
00000000 Non-Bayesan OO0 O OOQOOO
gobobobooooooooooooboboooooono
coboboooobooooooOooOoobOboOoobooOono

IO 00000 O 0 O Accepted on September M, OIT00

000000000000 AO0OO0O0OContribution No.A O from Fisheries Research AgencyO
0000000 OO0 0000000000000404800 National Research Institute of Fisheries Science, Fukuura, Ka-

nazawa, Yokohama (IT4111, JapanOd



26

goboboooooooo

O000Dquadrat 00O OOOOOODOOOOO
gooooboboooobopoooob»r0oobo0O0O
gooobobobO0o#=D0OO00O0O0ODO0ODODDOODDOO
gooobboooooboobbooorobobobDbo
O0OOPetersen000000C0COODODOOODOOOO
NOOOOOO MOOOOOOOO-O0OOOOOO
0000000000000 NOOOODOOOO
gooooobbbooooooboboogrbobo
obobobooooooboboboo

goboboooboobbobboobo

n
Bi(r, n. p)z(r)pru—p)”** (1)
gooooooogd

n\ g0 gl
<r>_ rl T rlm—r)! 2)

gooooobbobrooooboooobobobDbon
n 00000000 0Patersen 0000000000
OpO000000000N=M/p00000og

)
)

:<”> MO(N—-M)n-n (3)
’ N

HG(r, n, M, N)=

0o0o0o0oONOMO2Ory0000000O00OO
obobooooooboooboooboobooog r
O0000OPeesen 00000 NODOODOOOOO
Joooooo MO»-00000000O0

HG(r, n, M, N)=HG(r, M, n, N) (4)

gooogo
gooboboboooooobooboboobooo
ooobobooooooboobobobooobooo
00000000000000000 frequentistd O
gobooboboobooobobooboooboon
gobooobooooboobbo™mboooooooo
oooboboooooobooboboboooobooo
goboobobooboobbooboooboon
gogboooboboobooobooboooboon

gl oobon
gooooooooOrer
goboobboobuooboboobooo
() DODOODOOOO0OOD0OOOOHDROOOO
000000 Highest Density RegionD OO OO0
dooooooooooon
HDROODOOOOOOOOOODODOOOOODO
goobooboobobuooboobobooboon
goboooomoboobooboooooooooa
goooddddddooooooooooooooo
goobooboobobooboobobooboon
0000o0o0ooo0ooooooooomomEDRO
pgooddddoouoooooooo
dooooDooooe¢OoooooOooOOoOoOoOog
gooobooon

Ho:ezﬁu (5)

000000000 600000000 »0MO0
O0OHDROODOODOOOOODOOGAOOOODOOO
gobooobooooboooooooooooooon
odooooé O /0DMmoooooooooooon
ooooooo0oooooooooenDOOOOO
00000oooooouoo HbROOODOOOOO
goboooomuoooboooobooooooooon

O000x0000 Prx)y)D00O0OODOOO0O
00000D Pre) 00000O0O0OOOOOOOOO
gooooo

S (Pr(a)) =3 Pr(x)d(x.a) (6)

fl Pr(x)= Pr(a)

dlxa)= 0 Pr(x)<Pr(a)

000 200000«0000000000000
oo0o00o0ooooooouoooooooooSo=1
000000 O0OHDRODODOOOOOOOOOmO
gopogo

HDR(0.95)={a | S (Pr(a)) = 0.95} (7)

gobobb0oooooboooobemooonon
goooooboobobobooooooogon

S(Pr(e)=095 000 ¢ OIOOO0O0OO0OOO0O
S(Pr(e))>095 000 ¢ 00000000000

OO0 HDROOUOOUOO /2000000000



gboobooooboooboobo 27

gogboobbooboobbooboonoboon
000000000 HDROODODOODOOOOO p
0000000 00exactDO DO OO0 OOOO
O00000D0 w/20 0000000000000
0000000000 HDROODODOODOODOOO
gogbooobobooboooboboobooobooon
O00000OHDRODODODOOOOOOOOOIOOO
goobooboo

gogbboooboobboobooboboooboo
gogbooobobooboooboobooobooon
goobobboooooboboboooooooobooboo
O000U0DoooUoOoooooOoooooooO Non-
Bayesan OO OO oo

() 0000000000 0O000O00O000000
goooopO000O0O0»n o000 OOOOO
goo0o0oooboobobo0oboooOoboOoooomOm
godooboooooooooooooboooog
0o0dd»#0O pO0ODODOOODODODODODOOODOO
godddddooooooooooooooooon
00O00oOoo0oO0#npO0O0OO00 np(1l-p)0000dd
__r—mnp (8)

~ Vnp(1-p)
000000000000 20000000000
N, 1)DoOoooeooo

2'np (1=p)=(r—np)* (9)

00o0ooooooooooooon () 00000
OO0O0(p)000O00COD0OOOOOO@R p)0OO
gbooobobobobobobooobooo p -00n7 -
coJ0Onmp-A00000000000C000O00ODOOO
gogboobobooboooboboobooobooon
gbobooooooboobobobooooogo
gboboboooooooboboboobooo

goooboobooobobomoobboooboog
gogboobobooboooboboobooobooon
¢ 000000000OD0ODOCOO0O0OOOOOOa—-05
Oe+050000000000000000ODOOOO
gogooobboooooobb-00boODOOO
gg

n =

-%{rio5+§%17p)

izvari05ﬂl—p)+%§u—py<} 10

00000000000 MOo0O Peersen00 00

poooobDoonD

;zv/vi05(1—7t35>+22} (1)

0oo00oooooooDmWwooooooooOmo
goobobobobbzuobobOooboboboOon
000000o0o0ooooono z2=1.96 0000000
gopbooooog

(c) DODODODODODOOODOOODOOOOODOOO0
gooooooon

oooOobDOooOooobobooDbDboboOooomo
goboooboooobooooooooooboooon
goboooboooobooooboooooooboooon
oobooooood

Pr(0 | x) = Pr(0)Pr(x | 0) /Pr(x) (12)

000000000 PrA|B)0O0ODO BOOOOO A
ggobooboobobooboobobooboon
gooboboboooooooboobon

Ppost(0) = Pprior(0)L (0 | x)/S,
S =>Pprior(0)L (0 | x)

13

000000 Ppost(f) O Ppost(d |x) DO O ODOO
000o0O0W@oOOPrx|HDODOOODOOOO O
000000000000000000000000
000x000000000000MO0O00D0000
000 L@|x) 00000000000 DO00
0000000000 6000000 Pprior(d) OO
000000000000 D00 Ppost(d) D00 OO
000000000 >X0006000000000
0000o00000000000000000000
00SO00000000000DO0oOoDoOooon
00000000o00000000000000

Ppost(6) oc Pprior(0)L (6 | x) (14

gobooobooooboooooobooooobooooon
gobooooooobooooooooooooon
gooon
coobooooobooooooboooobooooon
gobooobooooboooooobooooobooooon
gobooooooobooooooooooooon
goboooboooobooooOoooooooboooon



28

gogboobbooboobbooboonoboon
gogboogboboobooobooboooboon
gmgoomoogoobbooooooobobogon
gbooboboooooboobooboboboooobooo
gogboobbooooboon

goboo0o»00000D0DOOO0OODODODOO
bz 000000000 DO0ODOODOODO
Mangel and BederOITO OO OOOOOOOOO
n0O0O000ODOODOOO

S Bi(r, n, p) = 15

ner b
000000000 Mangd and BederOInO O O
O Hilborn and Mangel D10 000000000
goboooboboobooboboobboooboon
D0000O00O0OAkamnedIDad D OO OO O
0000 HDROOOOOOOOOOOO

SBi(i, n, p)= pBilr—1,5 -1, p) 1

JooooO0oO0000o0r0oobOO0ODODO20O00O
goboobobooboobbooboooboon
gogboooboboobooboboobboooboon
00200000000 20000000000
O000000000O000oooooooOoo HDR
gobooboobobooboobo

Petersen DO 0O 0OO0O0Op00000OOOOOO
gbooooooooooobooooooboboogo
0000000000000 D00O0QDOUBayes,
MOMo0000000000000o0oo@ooo
gogbooobooobuoobooboboobooog p
gobobooooog

1

n+1 w

" Bitr, n, pyap -

oodoooooooo
P
(1/l+1)f0 Bi(r, n, t)dt = pBi(r, n, p)

t%%&@mp) 19
00000000000 000000 p0000
000000000000000000000000
000000000000000000000000
0p00000000«200000000000
000000000000000000000000
000000000000MO0000000000
00000000000000000000000

gogbooboooboobbooboobbooboon
ggobooboobobooboobbooboon
gobgoooobbommooobbooooo
goooboboobooooobobboooogg O
00 pO00D000O0000O0ODOOCOOODOOO
ggoboooboobobooboobbooboon
goobobobooooooboboboboooo
gbooboboboooooobooboboboooo
gogbooboooboobobooboobbooboon
00000000000 NDODQOOOODDODODOOOO
goobobobooooobogoog

(d) DOD0OD0DO0ODDO0OO0O0O00O0O0DO0OO000000
goboooooboon
gbooo p00b0O0ObDODOD

1 (19)

Ppl’ior‘(p ) o= W

gboooobooooooooomooooon
goboooboooobooooooOoooooboooon
gobooobooooboooooooooooooon
od

Pprior(p)ec _1 (20)

p(A=p)

gobooboobbooboobboooboooboo
0000000 SO00000000MmOO000
goooooooboboboooooooboooboo
gbobooboobbooobooboooboon

OO0 Petersen 000000000 O0OOOCOOO
0000o00O0o0oooooO p=M/NOOOOOO
ooooooMUOOOOoONDOOODOOODOM
gboboooooobbobooooboooboon
000D oo0ooo MOO0O0O0oooooo

N-n+r

n+1 _ (21)
MZ:r N+1HG(7, n, M, Ny=1

gooooboogo

¥ on+1 _ M+1
2 AELHGE, v, b N) =G HG 0 n, M, N)

+ 3 HGG, n, M+1, N+1)

i=r+1

@2)

gooooOoOoOoOooOroUooDoOOo MOODOO
gboboobooboobbooboonboboo
000000 Ptersen000 M OOOO NODO



gboobooooboooboobo 29

O0000AkamingII0Ob N OO0O0O00OO0O00OO

: - M+1 o3
Pprior(N) NN+ 1) @3
JodoDo0ooodooo NOOOoOOoooooo

2 (n+1)(M+1) _ 04
v (N2 (N 1) Gl M N) =1 “
00000000@O0000O

S (n+1) (M +1)
D) 1) DG M)

M HGe 0w M, N)+ 3 HGG, n, M+1, N+1)
N+1 i=r+l

25)

0000000000000 DO0OO0 NDOOOO
gooooboooboooooooobuoooog
goodoobooooooooooooo

000 pO00000000O0OCONOODOODOOO
J0000ooooooooooNOODooDoOoOOoO
Oo0d (m+1)Pprior(N)HG(r,n, M, N) D OO D000
OO0 NOOOOOOODOOOOooOooooooa p
0000000 ooooooooooooooyp o
O0000o0oooooooooood HG, », M, N)
O0000PpriorN)HG(r, », M, NYOO DO OOOO
000000000 000oOooooo NOOOoOo
00000000000 OoUUUHG, n, M, N) O
0000000000000 0OOOddPprior(N)
Jdoodooooooood@e+)OO0O0O0O0O0O
godoobooooooooooooobooooog
00000000 ooooooooooooooog
OMmooooHGr» M, N)OOOUOOOOOO
gdddddoooooooomooooooooo
OO0O00OO0OHDROODOOmMOOOOOO0OO0OO0OOOO
00000000 ooooooooooooooog
00000oooooooooooooooooooo
gooooooouooboooooooooooog
AkamineJ[IbO0 0O O0OOO0OOOOCOHDROOO
oooooooo

g o0 o0 o

gobooobooooooboocoobooooooa
oobooooooon

000000000d p=020r,=2000007 00O

000000000000 AkaminedITDall
oooood

() DODODOOOHDROODOOODOOODOOO
O0r=700144,1470000000000000
ooooag

() D0OO0O0OO0O0D0D0D0OD0O000DO 00 =700
1450

() »DUODODODDOOOOODOO#OHDROD OO
00#n =6601440
000000o000oooooo0oo0ooo0o0o00o000

0000O0#0000000000000000OO

00000000(@ODDD0N0N0N0N0N00oNoonon

000000000 pO00D0O000O0OO000O0

000000000000000000000000

S(Pre)) DOD0DMOODO0ODOODOOODDOOODO

0000000000000 00OHDROODODO

00000000o0o0oo0oo0oooo0ooo0o0o0o0000

gooooog

O000OPetersen D000 0000 #=10007=200
O00p OMOO000000000000 Aka
minedII0bO0 000000

() DO0OOOOOHDROOODOOODODDMOO

000O0o0ooop =0.13500.2840

() DOODDO0OO0DDOO0O0O0DOWOOOp=0.137

00.2830
() pO0D0DO0O0DDOOOOOODOO00050000
HDROODODOOOp =0.13500280000000
gooog p=0.2000
O0dO0 p000D00009000D00.00500 0 0HDR
Oooooogp=0.130002800000000000
0o p=0.1950
0dO0 p0O00D000CDOOO0O000550000
HDROOODOOOp =0.12500.2750000000
googog p=0.1950
0000000000ooooooooooooo
000000 W@ooOOOD pOo00O00O0Ooooooo
0000o0o0oo0o000000000000

O000OPetersen D000 D000 #=10007=110
000p 000000000000

(a) DOODOOOOHDROOODOOOOODO0.0010
00O000000p=0.00400.04900 00 0.0001
00000000 p=0.045300.0459 00000
00000000000000000000000
0000000 (@ODODOoOon

(b) DOOODDOOO0OODOOOOO@OOOp =0.0035
00.0460

() pO0D0DO0OO0DODOODODODODOO00010000
HDROOODOOOp =0.00100.0460000000



30

ooooo p=0.010

0doD p000000MWOOODOO00010000
HDROOOOOOp =0.00100.038C 000000
ooooo p=0.0050

0do0 p000000ODODO0O0.0010000HDR

000000p DDMDOOMDNO0 000000
0000 p 00moo
00000000000000000000000

000000000000000000000000

00RODD0O0O0DD00000p=0.0030000

0070000 SPr(0)=0.740 S (Pr(1)) = 0.96 0 O

0000r,=10M000000000000000

00000000000p=0.0005000000700

00 SPr(0)=0.951 0 000 00MmO D0 HDR O

00000000 HDROOOOOOOOOO OO

000000000000000000000000

00000000000 00S(Pr(e) 00 OO0

000000000000000000000000

oo
000000000000 00000onooono

00000000000000 p00000000

0000000000000000000007 0

HDROODOOODOOO «/200000000 a 00O

0000000000WO0000000(@OOOO

000000000000000000 p=000

0000000000000000 p=10000

O0000MO000000000 p000000

000000000000000000000000

00000000000000000 p=0000

000000000000000000000000

000000000 MdNMO000000nno

p=00000000 p=000000,=1000

00000000000000000000000

OD0O00OPetersen 0000 00O000M =500#% =350
=200 00NDOMOO0O0O0D0DODOO0OO0
000 ManlyDOIDOooooooo

(a) OODD0O0OO0DHDROOOOODOODOOOOO

00N =620830

() O00DO0DODOOO0DOO0DOMO pOOOON

00D0O000ON =610880

() NOOODODOOODOOON=6001500000

HDRODODOOOON =620840
(d) OO HDROO NOHDROOOOOON =630
840

0000000000000 000o0oo0oooo
pO00000O05/7=07100000000000

000000000000000000000000

gogboboooboobbooboobbooboon
gogbooboooboobbooboobboooboo

OO000OPetersen D000 00O000M =200n =100
r=20000NO00O000C0O0OO0O0ODOOO
00 AkamineDI0bOOO0OO0O0OO
(a) DOODO0DDOOHDROODOODOODOODOOOO
00N =4502220
(b) DODODOOODDODODOOOWMDO pOODOON
O0O00OO0OO0OON =4402470
() NOOODDOOOOOODOOOHDRODODODO
ooNODOUODOOOOOO0ODOUODOODOOoOOooOo
O00000oooooooooooo NOODO
OO0 N=280500000000000000HDR
0O N=45044300000N=28010000 000
OO0O0OO0OO0OO0OHDRON =4007780000
(d) O OHDRO ONOHDRO O O O OON =450
4350
000000000000000000@00 N
gooooooOoOoOoOoOoOOOOOOONDODOO
O0o00o0ooooooOr000000O0 «/2000
O0o00O0ooONOOODODOODODOOOOOO T
0000000 «00000O0DO0O0DOOO0O(@O
0O 0O0ONODODOe?20 ON=4300 0 a0 O
N=25700000000000000000 HDR
O00000ONODO e/20000 0000000
cobobobooobooooooooobobooooboogono
coboboocooboooooooooobobocOooboOon
0000000000000 w/200000000
al 0000000000 0DOOOOOODO0O0OO0
goboboooobooooooooboooocoogonn
p=05000000000000CO0O0O00O0O0O0
oobooboooooobooooobooooooogd

O00OPetersen 000 O000000M =500#% =100
y=50000N 000000000000
() DOODO0DO0OODOOD HDROOODOOOOODOOOO
OON =6702010
() DODODOOO0DOO0DODOO0OWO pOOOON
0000000 N =6901820
() O OHDRO ONOHDRO OO O OON =670
2060
0000000000000 0000000a0
HDROOOOOODOOOOOOO pO00 0500
00O0OONOODOOOOO 000 /20000
0ooooooooo



gboobooooboooboobo 31

goobobddoooooooooooooooon
goooobooobooooooooobuoooog
ogdood»n0O00O000O0OO0OO0OO0OOOOOOO
O00Mangel and BedeOITOOO O OOOOOOOO
goddddoooooooooooooooooon
godddodoboooooooooooooonon
ogodoooooooboooboomuooooooo

Petersen D000 O0O0DO0O0OO0O0OOOOCOOOOO
D000000Gazey and StdeyII1n oo od
JoNOOOOOODODODOODOoOoooooooao
0000000d00dpO0O0O0O0O0OOoOoOoOooooon
godddddoooooooooooooooooo
0000000000 Castledined 1000000
0d0Oz#0p 0000 QOOOOOOOpOOOOO
JoooodOz00D0D0O0OO0OOOOOOO /200
Oo00OlegxO0O0OO00OD0DO0OO0OOOOOOO
godddddooooooomoooooooooo
0000000000000 o0o0oOnodPr(®)ee
0000006 000000000000 0dPr(f)cc
100000 log(¢) DDODODODOOODOOODOOOO
goddddoooooooooooooooooon
goodoobooooobooobuoooooooo

00 SmthOMIDOooOOoOOoOO0O0oO0oo0oo0ooO00Od 1/n
godddddoooooooooooooooooo
godddddooooooooooooooooon
gooooboooboooooooobuoooog
00000000000 000D0Ohyper parameters]
gdddddooooooooooooooooon
00000000 RefteyDdIDO O OO OOOnO
goooobooobooooooooobuoooog
0dpO000000O20 1 /20000000000
godddddoooooooooooooooooo
godddddooooooooooooooooon
goooobooobooooooobobuoooog
ogooooooao

000000 MCMCOMarkov chain Monte
CarloO0O0O Petersen 00000 OO O ManlyoI1o
JooooooooU ooooo0o0d«00000
JooooO0oO0osOoooooooooU O w000
oo0odO0Os0Oo00lo0ooooooooooooo
JoodoDodooooooooooog MCMC O
Jo00d00dooOoooo0oOoooooooPe
tesen 00 0000000DOOOOOOOOODOO
UOsO0D0O0o0ooooooN=M+U0On=r+ul
s=n/NOOO

__r+u 06
ST MU @

000000MOy0« 000000000 sOOO
00000000000000000OOO0000
000000000000 O0ManlydIDOOoO0O00
OMOODDOOOsO»000000000UDOO
000000 sO0w«D0000000000O000O0
00000 s0O0D00000000D0DO00OOO0
O00000000O00OPetersen 0000000000
ooo
000000 Pelersen 000000000000
000000000000000000000000
0000000000 pO00000D00OO0O0DOO
00000000000000000 HDROODOO
000000000000000000000000
000000000000000000000000
O00000Petersen 00 000000000000
0000000000 p000000000000
000000000000000000000000
000000000000000000000000
000000000000 00000000oogo
0000000000000000

Ppost(p)oc p™'(1—-p)"~" @7

goboboboooooooooooobobooomoon
ooooon

Ppost (p)oc p" (1—p)" - p2(1—p)27?
:p71+T2(1_p)¢11+712—r1—72 (28)

000000000000/ 00000000
Ppost(p)ec p*(1-p)=" > @9

00000000 Petersen0 000000000040
o000 X2z=(m+--+m)0000 Xr=n+-+7)0
000000000 o0oo0ooooooooog Xn
0200000000000 00MOO00O00O00OO0
oo
godooooooooooobooooboooon
000oDo00oo0ooooooooooooooooon
jooooooooDooooom 00000000
nO0000000DDOO0O0»00000000 7
goooooboooooobooboooooooo
O000000oDoooo0o0o0n m+n) 0000
o000 n+n»)0000000O00O0OOOOO



32

000000000 HDROOOOO #n=m+n0
r=n+»0000000000WOOOOOOOO
000000000000000000000000
000000000000000000000000
0000000000000 000000000
0000000000000 00000000000
000000000000000000000000
000000000O0o0o0ooo
0000000000000 HDROOOOOOO
000000000000 «/2000000000
000000000000000000000000
0000000000000 00000000OHDR
0000000000000 00000 «/2000
000000000000 W@oe000eI0000
000000000000000000000000
0000000000000 00000000000
0000000000O0o0oooooon

O u u

O0000 Petersen00000C0COO0DOOOOO
ggbooobobooboobobooboooboon
gbobooooooboobobobo
O000000o0o0oUoUoUUooDooU HDROOOO

gbobooboobbooobooboooboon

gobooboobobooboobooooboon
go
O0000O0D000 Ptersen00000OCOODOO
gbobooboobbooobooboooboon
gooooboon
gobooooboboobooooooooboboobooboboo

O»00000000D0O00O0OODODODOQO Petersen

OO00oO00oOO0o0ooDOoobog poboOoOoDOO

goooboboooobouoboobooboon

AkamineDMIMbOOOOO0O0O0OOO0OOOOOOO

gooooooobobobooboooooboooo

gboboobooboobbooboo
00p00DOoooDoDO0oooooDOooooooO

O0o00O0o0oooOoooooooooOoO o2

obo0odoOb0ODbOO0OODOOO0ODODOOOO

gbobooboobbooobooboooboon
gobooboooboo

gboboooooooboboboboooooog
gbobooboobboooboobbooboobn
gbobooboobbooboobbooboooboo
gooooooobobobooooooooboobon
gooooooobobobooooooobooboo
gbobooboobboooboobbooboobn
gbobooboobbooboobbooboooboo
gooooooobobobooooooooboobon
gooooooobobobooooooobooboo
gbobooboobboooboobbooboobn
gobooboooog

O 0

00000000 oooooooooomoood
0oodoooDm@ooooboooooomoooad
0000000 ppmomo

Akamine T., 1989a] An interval estimation for extraction
using Bayesian statistics. Bull. Japan Sea Natl. Fish.
Res. Inst., (T, O O.

Akamine T., (ITTb, An interval estimation for the Petersen
method using Bayesian statistics. Bull. Japan Sea Natl.
Fish. Res. Ingt., (1J, (OO

Bayes T., (ITT10 An essay towards solving a problem in
the doctrine of chances. Reprinted in Biometrika, (17,
oooooo

Castledine B. J, (OITJO A Bayesian analysis of multiple-
recapture sampling for a closed population. Bio-
metrika, (O, O OO0O

Gazey W. J. and Staley M. J, [IT1I0 Population estimation
from mark-recapture experiment using a seguentia
Bayes agorithm. Ecology, [(1J, D000

Hilborn R. and Mangel M., (1110 The ecological detective,
Princeton Univ. Press, Princeton, (TTpp.

000o0Onmooo0o0o0o0o0oooooooooogo
00 O00Dpp.

Jj0d0@moooooooooooooboooooo
0 OO pp.

Manly B. F. J, (ITTJO Randomization, bootstrap and Monte
Carlo methods in biology, Ond ed., Chapman & Hall,
London, (T pp.

Mangel M. and Beder J. H., IT1J0 Search and stock de-
pletiond theory and application. Can. J. Fish. Aquat.
i, M, ODOOoao

jodopOOnooooOoO0o0o0o0ooooo@mooooo
J0o00@boOoDoO0oDO0o0@mooooooDoooon
0 0 ppdmg

000D00odOOoooooooooooooooa
O OO Oppd



gboobooooboooboobo 33

Raftery A. E., 1110 Inference for the binomial N parame-
ter0 A hierarchical Bayes approach. Biometrika, [11,
Onoaooo

Seber G. A F, ID O A review of edimaing animd
abundancell . International Satistical Review, [(TJ, [TTJ
oomg

00000MOoo0oo0o00ooo0oooooooooo
0 OO ™ppO

Smith P J, OI1100 Bayesian methods for multiple capture-

d

recapture surveys. Biometrics, [1J, (T OO0
00000ODOOoDO0O0DOO000O0ODOoOppd
0000doooO0obDo0obO0ooDoOobDOoobooboooo

0o0odoooboomobooooooooomao

oo0o0o0ooobOonppoOodo
000000 O0o0oM@ooooooOoooooonbo

000000000 OoOmppd
oo oobobooboobooo

0 Opp.

O

gobooboobobooboobboobooooooboooooooobobbboooobbobon

U0~ 00000D0OOODO

Bi(r, n, p)=pBi(r—1, n—1, p)+(1—p)Bi(r, n—1, p) OAODO

gooooboon

n n—1
SIBi(i, n, p)=pBi(r—1, n—1, p)+ X Bi(i, n—1, p) OADO

goooobooboooo

2 Bi(i, n, p)=p 2 Bi(r—1, -1, p) OAOD
i=r j=r
0000000 #-c0 000000000000 OOOO

§&Mmpbﬁf OAOD

O00000D00A0ODDO0ODODODAOOOOODOODODOODOOODODODDOOOODOODOODOO
goboooo

1
: 1
fo Bi(r, 74,Ai))d117—n_~_1 OA0OO
0ooo
m+hﬁfﬁmmmh:§BW+Ln+Lm:p&mmp%hiIﬁﬁmp) OAO0DO

= i=r+1

OO000ooooADOOOoOooOod
goboobooboobooboooboobooboobbooboobbuoobo»bOob0bO0bLOO

HGWJLmezggif%HGv—Ln—LnﬂNyﬂiggigﬁﬁiHGmn—LﬂzN) 0A00

goooobogo

n n—1
_ZHG@nrMJW=%§HG07Ln7LA%J,N7D+ZHG@n7LALN) OAO0O

gobooobooboooo



SYHG(, n, M, N):%iHG(r—l,j—LM—LN—l) 0AO0D
1=r 7=r
000000 0#=N-M+ 0000000000 0000000i0000#x0000
Mi+n-N=M+(N-M+r)-N=r000000000000000
STHGE 0 M, Ny = N1 0 A0
n=r ’ ’ ’ M+l
000000000000000MO#00000000000000
N—n+rn+1 . _ DMID
LG, 0 M, N) =1
DO00MAODOODOOO MO 20000000
M n+1 n
> HG(, n, k, N)= S HGG +1, n+1, M+1, N+1)
k—vN“rl i=r
_M+1 S ' 0 A0
- HG(, n, M, N)+ 3 HG(, n, M+1, N+1)
N+1 i=r+1
00000000ADO0ODO0O0000
0000000000000000000000
b b
Sf)gt)=[4"f(t)gt -] =24 f (t)Ag(t -1) 0 ATDD
0 A0

b

Sf(t)g(t)=[4"f(t )g(l‘)]i”*%ﬁ’lf(l‘ +1)4g(t)

a

000 400004ft)=f(t+)—f)00000O0A'0000000000O00O0O0O0O00O0MIAIOO

000000
s (A DM+ e _ Sp—
N=M+n-r (N+2)(N+1) HG(rv n, M, N) 1
0000Akamine (Db O0000ADOIOOODOOOO
s (DM +1) _M+1 :
S 2yt neln Mo =5 2 G M, N)
0 A0

-S|
= X AELHGG, n 8 N)

0000000 MOD»00000000000AD0O0OO0N=M+n—r00000ADOO0OODOOOO



