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11. 6 Multiple Groups
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Nichols(2005) study on male and female meadow voles
two-group CMSAET)L%#&M (Panel 11.3%Jc(CPanel 11.560ZB%=H0A 1)

HEERBREFg. 11.528

Panel 11.5

for (1 in 1:M){
wl[i] ~ dbern (psi)
b [i] ~deat (beta[]) I (,birthCT[i])
grp [i] dcat(pi_grps[b[i], 1)

}

for (1 in1:k){
pi_grps[ i, 1:ngroups ] ~ ddirch(alpha_grp[ i, ])

}
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FIGURE 11.5 Posterior density summaries for abundance (N), births (B), and survival rates from fitting a sex-
specific CMSA model to the male and female meadow vole data of Nichols (2005). The closed circles are tor males

and the open circles for females.
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11.7 Robust Design

Pollock’s robust design(Pollock, 1982)

CMSAETILASIBHTHD,
ONRTHAYTE EHEHDIU VTV ITHETHUTWLWSH, ZOMOEBEICEREVWTVNS ET D,

U CTBHEIICIEMPMhE WS TEET IV TIRFEEVPERRZHE T DDICEZSDDH LN,

CMSAETILZEIEL., &FX ¢z 1. BAEXBZOICHIRIT D&, MiETFIL 2B HMRICER LIzD &
BIUZ&(C13D, MEABITIRERREFER(CEMREFBKREN DD, (?)
BUGSO—kI(CTFBIC(E. Panel 11.3([CT5EZEN0 U TEIET D DH IR,
K : —HAR number of primary periods
k: YTV THE
prim : KRJTTD N2 )L k-dimensioned vector
BREVYTVVIEENET DE—HBEDIEER

Panel 11.6
model{
for (1 in 1 :M){
wl[i] ~ dbern (psi)
b[i] ~dcat (beta[]) I (birthCT[i])
}
Lambda<- sum( z[ ])
for (1 in 1 :M){
for (j in 1 : AvailUntil [i] ) {
aCap[i,j]<-ali Prim[j]]
pCap [1j]<-aCap[i,j]* p[J]
X[1i,j] dbern (pcap[i,j])
}
al[i, 1 ]<-w[i] * (1 - notyetborn[i, 1])
avail [i,1 ]<-a[i, 1] * step(Prim[AvailUntil [i] ]-1)
for(j in2:K) {
al[i,j]<-w[i] * (1- notyetborn [i,j]) * notyetdead[ i,j ]
avail[i,j]<-a[i,j] * step( Prim[ AvailUntil [i]]-j)
asuse[ i,j ] <-notyetdead [i,j-1 ]+ 1
notyetdead [1,j] dbern (sv[asuse[i,j], i, j-1 1)
}
for(j inl:K-1) {
sv[1,i,j]<- O
sv[ &,1,j ] <-notyetborn[1i,j]+ (1l-notyetborn[i,j]) * S[j]
}
}
# prior distribution for S and p
for(jinl:K) {
plj] dbeta(l, 1)
}
for(jinl:K-1) {
S[j] dbeta(l, 1)

}

beta[l : K] ~ddirch(alpha[ ])
psi ~dbeta(l, 1)
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11.7.1 Example: Meadow Voles

65 BEED 6 LIDE—HAEprimary periods(K=6).
ZTNZNOE—HEICS5BIT DERR(=T VYTV VIEE?)D'H D, ®£2>Tk=30,
2O0BDFE—RORE2B TR YT EZ TP SAIRICTRS SN, EERBEEN DD SBR LR,
% Z 7T Williams et al. (2002) TEFR# 3 BELEITOT—HZES Z &IC U,
REROEEBEHETTILEBRI I(CHI>T. SPBORY—MZETILICERD ANB L TEFRSBWLWER
5(FRATLVE,

SODETIEITERDKLSICT B,
logit(pij) = ri+ €i
(BES(X p (primary + individual) &3R52)

plEprimary, individualZ([CE2E>TH D, MB(FIRENEET S,
gi (FFH0. DO 2DIERDHBICHSBEERED S VT LEH,
272U, B—primaryX T(XEAEBHESRE—E,

Panel 11.7

for (i in 1 : M){
eps[i] ~dnorm (O, tau)
for(j inl:k) {
logit(p [1, j]) <-gam[ Prim[j] ] +eps[1i]
}
}
for (j in 1:K){
gam[j] dnorm(O, 0.01)
}
spd ~ dunif(0, 10)
tau<- 1/ pow (sdp, 2)
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FIGURE 11.6 Posterior summaries for the parameters N {(abundance), S (survival), and B (births) for the robust
1.0 FIGURE 11.7 Posterior summaries for the
EIHER . . ) \
0.8 ] (EfAEFEESR parameters f (per capita recruitment) and A
0.6 J per capita recruitment (population growth rate) for the robust design
0.4 ﬂ model p(primary-+individual) in which there
0.2 * * are additive effects of primary occasion and
0.0 ] individual on logit(p;i)) fitted to the meadow
z r T T e —— — vole data of Williams ¢t al. (2002).
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11.7.2 Temporary Emigration

BE S vIZRAWCY—OBREMROFHIE. 3MHBad X ET YT VY IXigE IEHEICIEF—K
LTLhWauwhd bnigWhWwenws>Z2E&ETH D,
F IR ET IV E—F0 (CHERE(CRDIREICERATE. IR TC LSS ERICBRBLIELETDIEE
TEFBENTE .
Kendall and Nichols (1995) & Kendall et al. (1997)(3—E098BEZ0/I\RA T HIVICED K S ITHMA
HIEIVWHDRUTWVNEIH, RS DEEISRVDBE(FICUIBRTERRL,

CDPFO—F TIIIHETTREN E S H[Efirst-order Markov chainlc& D EF Y Vo En. HETTREHNEER
BJRED\D 2 DDIREEHE & B,
2TOIIRCTHESN., MEASNDIFHEAREEDIRENSIBED ., HEINIEBECDRETHDIES
Nd, Y7UVT j & j+1 ORISR DIREDBZIIEBB Y LU I R YICR>TREX D,

N
j- j
W= (1-7’1:’ rj:’) riv | mmose | mErose
1-7] T ri | meras | meros
1- | ERTR | mETA
1- vy | mmTse | mma

ONRSTHAVICHNOTOHEE VWS ETFTILESOHDH(C, HEJREEHERRED 2 DDIREZEZD
LBTDINSA—YZEBATDIRENDH D,
Oi: N j-1& ] DBICERN. | CHRETRECRDHER
08 AT B & T, partially observed Markov chain CHIETJREET IILESIR TED K S ICR B,
Zij i BIENY YT DBFRTEETED, HEURTOHNIIRE 1. HEARTETHNITRE2 £ T3,
bi : £ (E7F)EER birth interval
di : S CHAME death interval
B | DIREEIZ {Zipi, ... , Zig } EEZTRE. FOEREI,

Pr(Z . 6bi s=1
"Zior = slbi) = {1-6bi =2
1-ri” r=1, s=1
ri’ r=1, s=2 b |
Pr(Zi; =s| Zi .1 =r, bi, di) = . forj=bi+1,...d
1-7] r=2, s=1
ri r=2, s=2

TABLE 11.6 Some Markov chains describing animal availability for capture, and their
associated probabilities, conditional on time of birth and death, for a study with four primary
periods. State 1 = “available,” state 2 = “unavailable,” and a value of “NA” is used to represent
states that are unassigned, either because the animal is not yvet born or because it has died.

Chain b; d; Pr(Z; ;1bj, ;)
(1,1,2,1) 1 4 51(1~ yi'by&'(l—- ;';;»
(2,1,2,2 1 4 (1-8)A-¥Pr v
(NA,1,2,1) 2 4 1 x 825 (1-¥4)
(NA,2,2,2] 2 1 1 x(1 —*52);,'?'_ 1’
(NA,1,1,NA) 2 3 1 x82(1 - ',';_") x 1
(NA,2,2,NAJ 2 3 1% (1—83) x 1

2010%F12H19HHEH



Bayesian Inferencelfisi® $£11=

11.7.2 Example : Meadow Vole Robust Design with Heterogeneity and
Temporary

ZDETI)LZmeadow voleDT—F BRI D, ZDER. INSX—=F0. r”’. r’FEBEICELST—EET D,
BILEEAVWTZODETIVEY TIHBEEEVWTLMI SHDEFR-E T T DHIFINNETH B (Kendall et al., 1997),
—E(CpDARI—ME%Zp(primary + heterogeneity) D2 T DA D,

WEATRELGREBORIFMERSNBLH S, AVIRFEN, REBBLBEHED. 2 TD/\SA—YH(EETLER
HIFTEEWN, UHUBEDITEMDHDIERB(N)CDOWT—ERIFHETE D, e, SER/I\SA—F (IRIETTEET
HDH5. HEVRE/ATEDIREER UL S ICRHREEEFORLBERHREENTE D,

f&R(XFig.11.8
YT | [CEWTHEIERMEFENS. jH5 j+1 OHBOEFR, N'DFig. 11.6DNKDNEWA, ZNIENDE
HAOETOREFEHEHELTNDDICT L. N (IHETERXMEFLETEHELTNDIEOHTH D,

110 FIGURE 11.8 Posterior summaries for
100 4 the parameters N' (abundance of animals

90 available for capture) and S (survival) for
80 l the temporary emigration robust design and
70 4 meadow vole data of Williams et al. (2002)
60 1 with the model p(primary+individual) for
50~ ' ‘ T ™ - capture probabilities in which there are addi-
N, N N N, N5 3 tive effects of primary occasion and individual
on logit(p;;).
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BLTWD, ¥ OEENGEET—INTDINSA—Y R UBEOBREF > TLVANT EETBLTWD, 2625
HREGKRTICHZEDEBRLETIBHINDBRVNDTEL CETEBULWD, BULT—IDNTDICHo>TELTH r O
ERRERICRONETH D, BERSHIBUNT Y TUVY | TEETVBERRTERELT, Y TUVY |
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FIGURE 11.9 Posterior summaries for the parameters y” (probability of moving from the available state), y’
(probability of remaining in the unavailable state), and op (standard deviation of logit(p;j)) for the temporary emigra-
tion robust design and meadow vole data of Williams et al. (2002) with the model p(primary+individual) for capture
probabilities in which there are additive effects of primary occasion and individual on logit(p;;).
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11.8 Multistate models and other extensions of the CJS model

REDFITEEMIHHEETRENBERTUELND 2 DDREDSIBEEESMZEDHZER>Tce 2OV EE
TUVIEIMEDADOHRTEH LI LVERBERD, BIZSHIBGZEA. ZIBIRRE. BFRIKE, b1 X035
RIFETH Do INSDIREFEZDHDHEEKDIRHNE ULNEL L, HistEdemographic parametersi&
tH#detection rateZzitBAT D2 HDTHIHNH LNARLY,

ROLLBEOLNBDVILFRT—LETILE. CISETILDHLERR TH DArnason-Schwarz model TH 3,
COETILOEZER 2 DORIE. (1 )OTODBEZREE TS (i REEIBBERICHARTES, LHUL
BHS, HELUTVWRVLEYDIREFER TERLD T, REGFEINVICEISNTEATIVUHILEEE EH
BUD D, HWERNIREQIREZO/INR M1 VICEA UTzKendall et al.(1997)DETILIE 2 DDEEHBIICER
BIENBDIREDVILFRAT—RETILEHERES,

Gibbs samplingZ= % U 7=Dupuish*Arnason-SchwarzETILE#HHTRA A TREUERE. REDES
ERADERFHHEL. .

11.9 Afterword

censoring models, known-fate models, Z U CELRICEFER TER LR TDopen population mark-
recapture models, INSIEENHHELDFICADT—IHNELNLEDL T —H (data we wish we had) D
HDTRVWEWSRZHBLTWD, I TRHEUZEFIZCOLsICEDWTW e, ZDOFREZDH D, —
DEIETFTINZERTDDICEDBERNTHRNBZTOISLADI—RZEFTRIZETH D, FICODL'sICEDL)
e REE & LB L TGibbs samplingZ {2 7EMCMC(E—AfRIC & THEETH B,

wish we had)D% < (IE—DHEEKDFHEEHIRRP. #HEELIZEWBDESLZRULTWLWEDT B, N1 ETCDL's%&
fATRCEFEInNSDEICTHUFIEEZSZ 5,

INFETOERICEBUCSIELERAIEEAEINTODLSTH D, HE. T, HEAEE WS
RMBAES O TCETIERBBRULHTEVWEDICLTE R, Rfco V—IUBREETILOREN/\SXISAE—
¥3a3vD%EL, BICISETIDOXSBREERGFEDETILT. BEBNILERNBSZ TRH 27, BNIEHZ
ETVYITBHIEZTRETDDEF ISV /ZEBINAR CTH D, CDEBIBEEFINA XFET TRHE(CEE
TE Do

COLZFA. JIL—T(CXDEL, BHORKE. KR EHICENDIHRHEE. ONRMTHIYVEVLSTED
DZEBAIECISETIVEARETIVICHRT 2 L FLBNERTHDI I EZRUTEL, ZOETIFZEBLT
LR WAY, CDLI[Cresightingt>dead recoveries&E W2 7TeH DD SHEIGSNDEBIT —9Z2EH DL SICT S
DHIREETH D,
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