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[bookmark: _GoBack]Appendix 2: Irreducibility and Ergodicity in SpatialDemography
A matrix is ergodic when the model will always exhibit the same long-term outcome, regardless of the initial conditions of the model (Cohen 1979, Stott et al. 2010). Ergodic matrices are also often irreducible, i.e. any stage can reach any other stage in the model, and non-ergodic matrices are always reducible. The biological relevance of this is that the growth rate λA may be misleading for long-term model behavior if the model is non-ergodic.

The overall transition matrix, A, calculated by SpatialDemography is given by the following equation:
A = B2 × PT × M × P × B1	(eqn. 1)
where B1 and B2 implement demographic transitions, M implements dispersal, and P and PT modify the matrix format to expedite the calculations. The overall transition matrix, A, includes all the demographic and dispersal transitions, but not carrying capacities or seed competition. We do not calculate irreducibility or ergodicity of A directly, as this matrix is always reducible and non-ergodic, but in a biologically trivial way. When the equation is multiplied out, the mobile seed stage contains only zero entries for rows and columns in the overall matrix (Fig. A2.1a). However, this is irrelevant, as the equation-wide mobile seed transition rates are constrained by model design to always be zero and hence not dependent on initial conditions. Consequently, irreducibility and ergodicity diagnostics calculated by SpatialDemography for the overall transition matrix, A, exclude the mobile seed stage (Fig. A2.1b).

The reason the overall model with mobile seeds is reducible and non-ergodic is that each individual matrix in eqn. 1 is reducible and non-ergodic (e.g., Figs. A1.2 – A1.3). In A1.2a the first demography step, B1 is reducible and non-ergodic because the mobile seeds do not transition to any of the other life-stages (as this occurs in B2), and individuals from a given cell cannot reach any other cell. In A1.2b the second demography step, B2 is reducible and non-ergodic because the other life stages cannot produce mobile seeds (as this occurs in B1, and the mobile seeds are unable to reach other cells. In S1.3, M is reducible and non-ergodic because mobile seeds are unable to reach other life stages, and other life stages are unable to produce mobile seeds. Consequently, when B1, B2, and M are mathematically combined, stage 0 (mobile disperser stage, corresponds to seeds in plants) has only zero entries (Fig. A2.1a). This occurs because stage 0 individuals are created in the first demography step (and any pre-existing seeds destroyed, e.g., Fig. A1.2a), and dispersed (e.g., Fig. A1.3). They all transition in the second demography step (e.g., Fig. A1.2b). This leaves the start and end of the model run with no mobile seeds (e.g., Fig. A2.1a). From a diagnostics standpoint, this is easily corrected by removing the mobile seed stage prior to running matrix diagnostics (Fig. A2.1b).

If a cell does not produce any mobile seeds at all, the matrix will be reducible, and will serve as a diagnostic that source-sink dynamics are occurring. However, even in the absence of source-sink dynamic, this does not necessarily mean that λA will be a useful diagnostic. When individuals are initialized in sub-optimal habitat, they may drop below a single individual in each landscape cell. However, because the matrix math includes fractional individuals, given enough time, a fractional individual will eventually reach a suitable cell, and then the species will come back from extinction once the fractional individual reproduces enough to become a whole individual. With fast rates of decline and slow growth rates, this model behavior may be unimportant over the time-course of the model, but will still influence the calculation of λA (as it applies as time goes to infinity). Consequently, examining the model via simulation may provide an intuitive, and simple, approach to understanding transient model dynamics, at time scales of ecological importance and relevance. 
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Fig. A2.1 (a) The landscape-wide matrix, A, with mobile seeds included is reducible and non-ergodic because of the transitory nature of mobile seeds in the model. Here, the entries that correspond to mobile seeds are all zero (rows 1, 5, 9, 13 and columns 1, 5, 9, 13) for Species 1 from the 2 × 2 landscape from Example 1. In (b), the landscape-wide matrix, A, without mobile seeds for this species is irreducible and ergodic, as every stage has a route to every other stage in the matrix.
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