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Supplementary Information
Supplementary A — Derivation of local population dynamics

As q;/1 = pi/p; (see Methods), we have the dynamics of local population density

dq,,, __ G .dpl +i'dp_“ , (A.1)
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in which the transition rate of doublet density p,; is

dp 1 z-1 - i}

_dt” =—2'(m+;7+77'q|/uj'pn +2:p -{a-|:Z l+(1_z 1)'q|/E|:|+ﬁ'p|}' (A2)

In equation (A.2), the first term denotes the transition of the pair I-I->1-E or E-l because of
species mortality, including intrinsic mortality (m) and increased mortality by intraspecific
competition. As a target individual | has four nearest neighbours (z=4) following Von Neumann
neighbourship, species mortality caused by conspecific competition can be affected by the
already presence of a neighbouring individual | in the pair of I-I sites (1/z), as well as the
potential presence of conspecific individuals | from the remaining neighbours (z-1)/z. The
second term describes the transition rate of the pair I-E (or E-I) becoming I-I, which can be
achieved by both local and global dispersal. With local dispersal, species establishing the E-site
in a pair of I-E can be realized by two possible ways: the local colonization from the individual |
in the pair of I-E, and the potential presence of individuals from other z-1 neighbours of the
target E. The parameter q;/;x (€.9., q;/; and qp/g;; i,j,k € {E,I}) represents the conditional
probability for an i-site which is another neighbour of a j-site in the pair of j-k. According to the

pair approximation®® with q;/, ~ q;/;, We can rewrite equation (A.2) as
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where
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with Qe = pIE/pI and O,y +9,, =1.

Combining equations (1), (A.1), (A.3) and (A.4), we can derive the dynamics of local population

density q,,, as
dq,,, . |—£ (Z_l '(1_q'“) p|—|
it =2 (l q|/|) !0{ LZ+ Z'(l_p|) J+ﬁ pll

(A.5)



