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Digital Appendix

Here we derive expressions for the resident and invader density distributions and use these to derive expressions for
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.  Our strategy for calculating these quantities is to take the Fourier transform of the expression.  This turns convolutions into products and allows us to apply the Wiener-Khinchin theorem, which states that if f(x) and g(x) are functions with mean 0, then the Fourier transform of Cov(f, g)(x) is 
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 and the asterisk denotes the complex conjugate. We then take the inverse Fourier transform, and evaluate it at
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Population dynamics

Define the relative density 
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as the local population density normalized by its spatial average: 
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  We can convert the dynamics of
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into dynamics of 
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 Let 
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represent small deviations of the population from its spatiotemporal average:
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and let 
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represent deviations from the average germination/establishment and growth rate:
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The perturbations
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 can be made less than or equal to some positive constant K for 
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small enough.   Assuming that there is no globally synchronized component to the variation, so that 
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Using eqs. A3, A4, and A5 to substitute for
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 in eq. A2, we get 
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As noted in Chesson (2000b), 
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noting that 
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.  To proceed, 
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  The 
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At this point we will focus on the dynamics of the resident.  Derivation of invader dynamics will follow.  Taking the spatiotemporal average of the equation for the dynamics of
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Substituting back into eq. A8, we get 
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We take the spatial Fourier transform, where the spatial transform and its inverse are given by 
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the temporal transform is given by 
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and the spatiotemporal transform by 
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(In the main body of the paper, we express spatial and temporal frequencies in terms of spatial and temporal periods, 
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Note that through its dependence on 
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where 
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 Eq. A20 can be expressed as a discrete convolution in time:
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where 
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Discrete Fourier transforms turn discrete convolutions into products just as continuous Fourier transforms do with continuous convolution. Our convention for the discrete Fourier transform and its inverse is
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 Taking the discrete temporal Fourier transform, we reach the simple form 
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where 
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Switching to polar notation, we rewrite 
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and where we extend the range of tan-1 to 
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Invader Dynamics

Derivation of invader dynamics follows the same steps as the resident.  From eqs. A9-A10 we get
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Substituting into eq. A8 we get 
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Taking the spatial Fourier transform gives 
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Rewriting eq. A33 as a sum 
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where 
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Writing eq. A34 as a convolution in time gives 
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where 
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Taking the temporal Fourier transform gives the form 
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where, analogous to eq. A26, 
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Writing 
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where
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and where we extend the range of tan-1 to 
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Deviation of expression for 
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We take the natural logarithm of both sides of eq. 46 to get
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  Rewriting gives and Taylor expanding gives
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Thus, to 
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To proceed we must find the spatial mean of 
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Rewriting in terms of 
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 which can be approximated to 
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Taking the spatial mean gives
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where notation indicating dependence on x and t has been suppressed for brevity. 
The covariance of local population growth and population density in eq. A48 is can be written in terms of small perturbations from spatial averages: 
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 which can be rewritten as 
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From eq. A4,
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Taking the Fourier transform gives
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where 
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.  In each case, we proceed by taking the Fourier transform of the function, substituting the previously derived expressions for 
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Calculation of 
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We start by taking advantage of the fact that covariance of two variables equals the mean of their product minus the product of their means.  Because 
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 A multidimensional corollary of the Weiner-Khinchin theorem states that if 
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Using eq. A29 to substitute for 
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We use eq. A57 to substitute for
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The calculation of 
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10
1

_1217248996.unknown

_1217249029.unknown

_1217249049.unknown

_1217249065.unknown

_1223908090.unknown

_1224067604.unknown

_1227009041.unknown

_1231227154.unknown

_1231228410.unknown

_1231228763.unknown

_1231227646.unknown

_1231227105.unknown

_1224067648.unknown

_1227008332.unknown

_1227008780.unknown

_1227008418.unknown

_1227008009.unknown

_1224067615.unknown

_1224067559.unknown

_1224067581.unknown

_1223908679.unknown

_1223908741.unknown

_1223908601.unknown

_1217249069.unknown

_1217249074.unknown

_1217249078.unknown

_1217249080.unknown

_1217249081.unknown

_1217249082.unknown

_1217249079.unknown

_1217249076.unknown

_1217249077.unknown

_1217249075.unknown

_1217249071.unknown

_1217249072.unknown

_1217249070.unknown

_1217249067.unknown

_1217249068.unknown

_1217249066.unknown

_1217249057.unknown

_1217249061.unknown

_1217249063.unknown

_1217249064.unknown

_1217249062.unknown

_1217249059.unknown

_1217249060.unknown

_1217249058.unknown

_1217249053.unknown

_1217249055.unknown

_1217249056.unknown

_1217249054.unknown

_1217249051.unknown

_1217249052.unknown

_1217249050.unknown

_1217249037.unknown

_1217249041.unknown

_1217249047.unknown

_1217249048.unknown

_1217249045.unknown

_1217249039.unknown

_1217249040.unknown

_1217249038.unknown

_1217249033.unknown

_1217249035.unknown

_1217249036.unknown

_1217249034.unknown

_1217249031.unknown

_1217249032.unknown

_1217249030.unknown

_1217249012.unknown

_1217249021.unknown

_1217249025.unknown

_1217249027.unknown

_1217249028.unknown

_1217249026.unknown

_1217249023.unknown

_1217249024.unknown

_1217249022.unknown

_1217249017.unknown

_1217249019.unknown

_1217249020.unknown

_1217249018.unknown

_1217249014.unknown

_1217249016.unknown

_1217249013.unknown

_1217249004.unknown

_1217249008.unknown

_1217249010.unknown

_1217249011.unknown

_1217249009.unknown

_1217249006.unknown

_1217249007.unknown

_1217249005.unknown

_1217249000.unknown

_1217249002.unknown

_1217249003.unknown

_1217249001.unknown

_1217248998.unknown

_1217248999.unknown

_1217248997.unknown

_1217248962.unknown

_1217248980.unknown

_1217248988.unknown

_1217248992.unknown

_1217248994.unknown

_1217248995.unknown

_1217248993.unknown

_1217248990.unknown

_1217248991.unknown

_1217248989.unknown

_1217248984.unknown

_1217248986.unknown

_1217248987.unknown

_1217248985.unknown

_1217248982.unknown

_1217248983.unknown

_1217248981.unknown

_1217248972.unknown

_1217248976.unknown

_1217248978.unknown

_1217248979.unknown

_1217248977.unknown

_1217248974.unknown

_1217248975.unknown

_1217248973.unknown

_1217248967.unknown

_1217248969.unknown

_1217248970.unknown

_1217248968.unknown

_1217248964.unknown

_1217248965.unknown

_1217248963.unknown

_1217248939.unknown

_1217248951.unknown

_1217248956.unknown

_1217248959.unknown

_1217248961.unknown

_1217248957.unknown

_1217248954.unknown

_1217248955.unknown

_1217248953.unknown

_1217248945.unknown

_1217248947.unknown

_1217248948.unknown

_1217248946.unknown

_1217248941.unknown

_1217248944.unknown

_1217248940.unknown

_1217248929.unknown

_1217248933.unknown

_1217248936.unknown

_1217248938.unknown

_1217248934.unknown

_1217248931.unknown

_1217248932.unknown

_1217248930.unknown

_1217248925.unknown

_1217248927.unknown

_1217248928.unknown

_1217248926.unknown

_1217248923.unknown

_1217248924.unknown

_1217248922.unknown

