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Multistate Models 

ÁFirst developed by Arnason (1972, 1973) 
and almost completely ignored 

ÁDeveloped independently by Hestbeck et 
al. (1991)  

ÁModern development:  
ÅBrownie et al. (1993), Schwarz et al. (1993) 

ÅReviews by Lebreton et al. (2002, J. Appl. 
Stat), Kendall and Nichols (2004, Condor), 
Kendall (2004, Animal Biodiversity & 
Conservation) 



Multistate Models: 

 Data Structure 

ÁOpen capture-recapture study 

ÁAt each capture, animals are categorized 
by ñstateò 
ÅLocation (Hestbeck et al. 1991) 

ÅSize class (Nichols et al. 1992) 

ÅBreeding state (Nichols et al. 1994) 

ÅDisease state (Jennelle et al., 2007) 

ÁState of an animal may change from 1 
period to the next 



Multistate Models: 

Capture History Data  

ÁCapture history: no longer adequate to 
use just 1ôs and 0ôs 

Á0 still denotes no capture 

ÁAssign a positive number or letter to each 
state 
Åe.g., with 3 states: 1, 2, 3 

ÁExample: 3-site system 
ÅPossible histories:   10310,    00201     

   



Multistate Models: 

Notation 

Áft
rs  = probability that animal in state 

r at sample period t is alive in state s 

at sample period t+1 

Ápt
r = probability that animal in state r 

at sample period t is captured 
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Multistate Models: Capture History 

Expectations 

AAB: 

http://www.phidot.org/software/mark/docs/book/pdf/chap8.pdf 



Multistate Models: Capture History 

Expectations 

http://www.phidot.org/software/mark/docs/book/pdf/chap8.pdf 



Multistate Models:  

Decomposition of ft
rs 

ÁSometimes reasonable and desirable to 
decompose ft

rs  into survival and 
movement components: 

 

 

ÁSt
r = probability that animal in state r at 

period t survives until period t+1 

Áyt
rs = probability that animal in state r at 

period t and alive at period t+1, is in state 
s at t+1  

 

rs r rs

t t tSf = y
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Parameter Estimation 

 
ÁData: numbers of new releases each 

period and number of animals with 
each capture history 

 

ÁModel: probability structure for each 
capture history 

 

ÁMaximum likelihood (e.g., programs 
MARK, MSSURVIV, MSURGE) 



Metapopulation model 

http://www.phidot.org/software/mark/docs/book/pdf/chap8.pdf 



Evaluation of hypotheses 



No disease Disease 

Si
N yi

ND 

Si
D yi

DN 

Disease States 



Capture Histories (k = 3 years) 
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Capture Histories (k = 3 years) 
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Multistate model assumptions 

1BA BB BCy +y +y =

ÁTransition from a given state must sum to 1 

 



Multinomial logit transformation 

for 3 states 

ÁWhat about 2 states? 

 


