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Multistate Models

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

A Developed independently by Hestbeck et
al. (1991)

A Modern development:
A Brownie et al. (1993), Schwarz et al. (1993)

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



Multistate Models:
Data Structure

A Open capture-recapture study

A At each capture, animals are categorized
by fANstateo
A Location (Hestbeck et al. 1991)
A Size class (Nichols et al. 1992)
A Breeding state (Nichols et al. 1994)
A Disease state (Jennelle et al., 2007)

A State of an animal may change from 1
period to the next



Multistate Models:
Capture History Data

A Capture history: no longer adequate to
use Just 10s and 00s
A 0O still denotes no capture

A Assign a positive number or letter to each
state
Ae.g., with 3 states: 1, 2, 3

A Example: 3-site system
A Possible histories: 10310, 00201




Multistate Models:
Notation

Ve

A 1S = probability that animal in state
I at sample period t is alive In state s
at sample period t+1

A p, = probability that animal in state r
at sample period t Is captured



Multistate Models 3 states




Multistate Models: Capture History
Expectations

encounter history | interpretation

AABOCC marked on A at occasion 1, seen again on A at occasion 2, spen
on B at occasion 3, not seen on any of the islands on occasion 4,
seen on C at occasion 5 and occasion 6...

BABAOO marked on B at occasion 1, seen on A at occasion 2, returned to
B on occasion 3, back to A on occasion 4, and not seen on any
island at either occasion 5 or occasion 6

seen on A on occasion 1, moved to C on occasion 2, then back to
A and seen on all subsequent occasions in the study

AAB: q]AA}]quABﬁ}B
http://www.phidot.org/software/mark/docs/book/pdf/chap8.pdf




Multistate Models: Capture History
Expectations

oA (1-pa') 95p5 + % (1) 9555

encounter history interpretation

survived and stayed in stratum A, but not seen in A on occasion
2, survived and moved from A to B and seen in B on occasion 3

survived and moved from A to B during first interval, but not
seen in B at occasion 2, stayed in stratum B and seen in B on

occasion 3

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



Multistate Models:
Decomposition of,'s

A Sometimes reasonable and desirable to
decompose 7S into survival and
movement components:

I'S I r
RS
A S = probability that animal in state r at

period t survives until period t+1

A y.'s = probability that animal in state r at
period t and alive at period t+1, Is In state
S att+1l




Multistate Models 3 states




Parameter Estimation
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Metapopulationmodel

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



Evaluation of hypotheses

model
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description

general model - all groups (strata) different - constant over time
constant survival - group difference in recapture and movement
constant recapture - group differences in survival and movement

constant movement (inter-island all equal) - group differences in
survival and recapture

survival constrained to be a function of island quality - group
differences in recapture and movement

recapture constrained as a function of island size - group
differences in survival and movement

inter-island movement a function of inter-island distance - group
differences in survival and recapture

recapture a function if island size, movement a function of inter-
island distance - constant survival

survival a function of island quality, recapture a function if
island size, and inter-island movement a function of inter-island
distance




Disease States

No disease Disease




Capture Histories (k = 3 years)
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History BOB (2 possibilities)
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Capture Historiesk(= 3 years)
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Multistate model assumptions

A Transition from a given state must sum to 1

yBA+§B _l_BCyl




Multinomial logit transformation
for 3 states

A What about 2 states?



