Supplemental Material (Text S1)
“An Adaptive Decision Framework for the Conservation of a Threatened Plant”, Moore et al.

We used Program MARK (White and Burnham 1999) to fit multi-state models to 252 capture histories of individual patches of Mead’s milkweed observed at Rockefeller Prairie in northeastern Kansas between 1992 – 2006.  An example capture history was:

0 0 F N 0 0 F 0 F 0 0 0 0 0 0

representing a patch first detected in 1994 (year 3) in flowering status, detected in 1995 in non-flowering status, detected in 1998 and 2000 in flowering status, and not detected in any other year.  Multi-state models make the assumption that annual survival in state u at time i (Siu) and transition between states u and v given that the organism survived (φiuv) are separate, independent events.  This assumption allows the modeling of a capture history like the one above as a multinomial outcome with probability expressed as a joint function of unconditional transition rate parameters

ψiuv = Siuφiuv
and state-specific detection probabilities pjv.

We attempted to cast the detection, survival, and conditional transition probabilities as linear functions of management (presence or absence of burning in year i, Bi = 0, 1) and prior-year rainfall (ri), where the functions were joined to the parameters either by simple (detection and survival probabilities) or multinomial (transition probabilities) logit links.  However, to overcome the sparse data structure and to account for the fact that one of the stages (dormancy) was unobservable, we made three simplifying assumptions (discussion of each is found in the text): (1) perfect detection of plants in the flowering stage (piF = 1.0) and constant detection rate of plants in the non-flowering stage (piN = pN), (2) no transitions out of the dormant stage in any year that a burn was not conducted (φiTN(B=0) = φiTF(B=0) = 0) and (3) constant stage-specific survival rates over the period of study (Siu = Su).  Because these constraints held survival and detection rate at constant values over time, our models therefore entertained temporal variation only in the conditional transition probability, i.e., φiuv(Bi, ri) = f(Bi, ri).

Within the constraints set out above, we began with models that were fully interactive in the management and rainfall effects, i.e.,

φiuv(Bi, ri) = g(β0uv + β1uvBi, + β2uvri + β3uvBiri)

where βpuv are coefficients of the linear model for the (u, v) state transition and g(.) is the multinomial logit link function.  Even with the constraints above, the data were too sparse to yield identifiable parameters under this general model structure.  Therefore, we reduced the model in a stepwise fashion, constraining parameters and seeking large reductions in model structure that were consistent with the data (judged by AIC).  Our final model contained 18 estimated parameters (see accompanying table).  Model estimates were obtained by a quasi-Newton optimization procedure and numerical approximation of the information matrix, as described in White and Burnham (1999).
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Logit-scale estimates of burn and rainfall effects in probabilities of transition, survival, and detection in a multi-state model of individual patches of Mead’s milkweed (Asclepias meadii) annually monitored at Rockefeller Prairie, Kansas, 1992-2006.

	
	Intercept (β0)
	Burn effect (β1)
	Rainfall effect (β2)
	Interaction (β3)

	Model componenta
	mean
	SE
	mean
	SE
	mean
	SE
	mean
	SE

	φiTN
	0.0b
	--
	0.555
	0.324
	
	
	
	

	φiTF
	0.0b
	--
	-1.828
	0.627
	
	
	
	

	φiNT
	-6.452
	1.544
	12.307
	3.020
	0.047
	0.012
	-0.120
	0.030

	φiNF
	0.017
	0.421
	-4.192
	0.730
	-0.017
	0.004
	0.050
	0.007

	φiFT
	-5.221
	1.778
	1.650
	2.283
	0.036
	0.015
	-0.036c
	0.015

	φiFN
	-1.112
	0.413
	4.192d
	0.730
	0.017d
	0.004
	-0.050d
	0.007

	ST
	2.144
	0.576
	
	
	
	
	
	

	SN
	3.421
	0.700
	
	
	
	
	
	

	SF
	3.577
	0.488
	
	
	
	
	
	

	pN
	1.035
	0.131
	
	
	
	
	
	


aNotation:  Conditional transition probability (φi), survival probability (S), and detection probability (p).  Superscripted letters indicate tuber (T), non-flowering (N), and flowering (F) stages.  Letter pairs indicate a transition between stages, i.e., TN represents the transition from the tuber to the non-flowering stage.
bValue (reflected on probability scale) fixed at 0 by assumption.

cβ3FT = -β2FT by constraint.

dβ1FN = -β1NF, β2FN = -β2NF, β3FN = -β3NF by constraint.

