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Appendix B. Analytical model for the DrD paradox (the quadratic version).
Consider the same model described in Appendix A (presented here for the case of R = 1),
modified to demonstrate nonlinear habitat response. Hence, equation (A.6) is replaced by
w=LF-ad". (B.1)
Consequently, survival function and fitness of the RD and the DrD strategy in the two habitats

will change. The net fitness function will now be

AF=(, —alNZQZ)NHIQ+W( 5,0 —NHIQVJ

(1-H,)’ (1-H,)?
~N(H,f,-Ha,N*+p,—-a,N* —H,B, + Ha,N*) (B.2)
Here the net fitness gain is a third-order polynomial function of € with three following solutions
(Q,, 23, Q) for DrD levels that lead to no fitness gain (AF = 0):
Q, =1

o O+ -(H, -1)*W

be= 3N(a, —2H,0, + H' at, — ., H,")

where
Q=2Na,H, - NH,'a, + NH,'a, -3Na,H, — Na,

W =4a,B,H’ +4a,pH’ +4a,f,H +3a,’N*H,' —4a,fH’ +3a,’N*H," —6a,a,N*H,’
+6a,a,N*H, +8a,f,H, —8a,f,H, —6a,’N*H, +3a, N> +4a, B, —12a,a,N* — 4a, j,

One of the solutions Qh is in the negative range of Q, which is biologically irrelevant. The other

solution is within 2 biologically defined range (but not above Q upper threshold) according to

the numeric values of the parameters N, ay, £, a2, 2, and H;.
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The net fitness gain function (4F) for this model has two vertex points

o - 3NH,e, £ (H, -1),/(-3Q)
- 3N[H12(6Z2 —a))+ o (2H, - 1)] .

(B.3)
Where Q is
a1ﬂ1H12 - azﬂzle + a2ﬂ1H12 + a1ﬂ2H12 - 2a1ﬂ2H1 + 2a1ﬁ1Hl + alﬁl + alﬂz - 3a1a2N2 .

Unavoidably, One of the Q* solution is in the negative range of the 2 parameter, and therefore

undefined.

Results

To demonstrate a numerical solution to this nonlinear model and the net fitness gain (4F) as
a function of the DrD level, 2, we use an arbitrarily chosen set of values for the model
parameters. Note that the values of o cannot correspond to the linear model as it is now limited
to the range 0<a< 1/8” instead of 0<a<1/5. The results are similar to those of the linear model,
where for each parameter set, the fitness gain rises to a maximum at Q" and then drops off as Q
increases (Fig. B1).

The combined effect of the density-dependent suitability ratio and the density-independent
suitability ratio (f ratio) on Q" shows an asymptotic pattern (Fig. B2). As in the linear model the
effect of £ ratio is significantly stronger in the lower range, but it reaches saturation in an

asymptote at the value of Q*= 6.1 for this specific example, or of

o  —3NH, +3[(H, 1) (H e, —a,H, - 2Ha, +3a,a,N* +a,)]
A=L.f,=0 3N(a, -2H,a, + H o, —a,H,")

for the general case. When density-independent suitability ratio approaches its maximal limit the

asymptote is

3NH, iz‘Js(ﬂz —pOH, -1

2

Jim () = i
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Fig. B1.
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F1G. B1. Results of the analytical nonlinear model describing the effect of DrD level (£2) on

expected fitness gain of DrD strategy in comparison with random dispersal (s4F’; standardized

by fecundity). Each line represents a model solution using a different ratio of density-dependent

suitability between the two simulated habitats (i.e., ay/a; ratio; values noted with arrows). A

higher ratio represents a stronger difference between habitats, hence a higher fitness gain for a

given Q, along with a wider range of positive fitness gain values. Points of maximum fitness

gain (") and zero fitness gain (Q,, Qp) are marked (empty squares and solid circles,

respectively). Other parameters were set as follows: N = 1000, H;=0.1, ;= 9*107, 1 =1, f,=

1.
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Fig. B2.
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F1G. B2. The effect of differences in habitat suitability on DrD levels (£2*) maximizing the net
fitness gain for nonlinear habitat response. Increasing values in both horizontal axes indicate
increasing differences between habitats, either in density-independent suitability (f ratio: £1/52)
or in their density-dependent suitability (o ratio: ay/a;). The Q* value rises fast with the
increase in the density-independent suitability ratio until it reaches an asymptote at Q*= 6.1.
The asymptote of high density-dependent suitability is not reachable within the parameters

definition range. Other parameters were set as follows: N= 1000, H;=0.1, 1=1,0,= 9%10~.



