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Appendix S1: Langevin diffusion RSF with range resident move-

ment behavior

The Langevin diffusion RSF model (Eq. 18 in the main text) could be extended to range resident

movement behavior, where each individual has a center of attraction ai:

s∗it =


si,t−1 +

σ2
1

2

[
D0∇c0 (si,t−1) +

∑K
k=1 Dk∇ck (si,t−1)

]
if mi = 1 (resident)

si,t−1 +R (si,t−1 − si,t−2) if mi = 2 (transient)
, (S1)

where c0 (si,t−1) is the Euclidean distance between ai and si,t−1. The individual-level utilization

distribution for residents (arising from “third-order” resource selection within a home range; e.g.,

Johnson, 1980; Royle et al., 2018) is then

π (s | ai) =
exp

(
δ0‖ai − s‖+

∑K
k=1 δkck (s)

)
∫
M exp

(
δ0‖ai − z‖+

∑K
k=1 δkck (z)

)
dz
, (S2)

which could be used for the point process model of the initial locations:

[si1 | mi, ai,θ] =


π (si1 | ai) if mi = 1 (resident)

Uniform (M) if mi = 2 (transient)
.

Assuming the centers of attraction are uniformly distributed, Eq. 19 would be the simplest approach

to deriving a population-level utilization distribution, in which case the population-level utilization

distribution would be

π(s) =

∫
M
π(s | a)da.
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For inhomogeneously-distributed centers of attraction, “second-order” resource selection (i.e., in-

dividual home range selection withinM) could be investigated by including a point process model

describing spatial variation in the density of centers of attraction (as in Eq. 14), and the population

utilization distribution would be

π(s) =

∫
M
π(s | a) [a | θ] da.

For example, under an inhomogeneous Poisson point process model with center of attraction den-

sity surface [ai | mi = 1,θ] = λ(ai)∫
M λ(z)dz

, we could include the same covariates as for third-order

selection, i.e., λ(ai) = exp
(∑K

k=1 βkck(ai)
)

, or include alternative covariates describing second-

order selection.
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