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an ecologist’s introduction to ...

spatial structure and spatial statistics
dynamics of spatial structure
growth in neighbourhoods

spatial heterogeneity and evolution



spatial structure and spatial statistics

spatial structure is ubiquitous (almost)

beech and spruce at Rothwald (Austria)

dipterocarps at Sinharaja (Sri Lanka)



beech and spruce at Rothwald

spatial patterns
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beech and spruce at Rothwald

measures of spatial structure

individual level
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beech and spruce at Rothwald

pair correlation functions

‘plant’s-eye’ view beech trees of dbh classes: 0 (1-2 cm), 1 (2-4 cm), ...
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Shorea affinis

dipterocarps at Sinharaja
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dynamics of spatial structure

spatial structure is important for dynamics

stochastic birth-death process

stochastic realisations

deterministic model

two-species competition



stochastic process: spatial pattern of individuals

continuous 2D space:

? ® plant at location X;:

denoted by:

changing over time:

spatial pattern:

pattern of type i:

X = (Xq, X5)
X = (Xypr X))
X -X)

p(x) = Z| X -X)
Pi(X)

pi(X’t)



stochastic process: rules for birth and death rates

non-spatial spatial

———————————————————————————————————————————————————————————

births:  B(x, X’, p) = b . m(X'-x)

deaths: D(x, p)

_____________________________________________________________

(no growth of individuals)



stochastic process: kernels

births deaths
dispersal: m(X’-x) competition: W(X’-X)

200

T e
iilh ’t"

e
e T
i s IO o
“\\ R Tt T2

[y 3 \\‘}:\:’:‘4 T o 4 H
71/ o, DTG POTG o i

/ G St Ly

% -

'ﬂ'f gy
AN N
?; :‘ ”‘ ‘:‘;“:. >

)

2,

v-%g‘

opposing forces
on spatial
local dispersal of offspring pattern local competition

local clustering local inhibition



stochastic realisation: random spatial pattern

kernels spatial pattern pair correlation function
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stochastic realisation: aggregated spatial pattern

kernels spatial pattern pair correlation function
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stochastic realisation: regular spatial pattern

kernels spatial pattern

pair correlation function

dispersal R R




stochastic realisations over time
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deterministic model: general scheme

Dynamical system of spatial moments (derived from the master equation)

d N = F(N ’6) ° first moment N

dt
i(’f(éﬁ) = F»(N,C,T) ®2®  second moment C
dt

°
diT(GE,Qt’) _ F3(N,6,T,,,,) f%,. third moment T
t

Each equation coupled to the next one in the hierarchy



deterministic model: closure of hierarchy

® k
S
i./f*Oj

(6.6 P) = 5 [P0 P;(x+) py(x+&) o

Truncate hierarchy at second order

Replace T with some function of N and C



deterministic model: logistic equations

Dynamics of first moment

N = bN - dN - d[w&)C(&)de
intrinsic births and deaths neighbour-dependent deaths

Non-spatial logistic model:
N = bN - dN - d'N?

Dynamics of 5(@‘) more complicated

Law, Murrell and Dieckmann, Ecology 2003



deterministic model: numerical integration

stochastic realisations numerical integrations
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two-species competition: moment dynamics

____________________________________________________

N b

| dtl = (bl_dl)Nl_dlllll E_d12|12
dN : :
d'[2 = (bg_dz)Nz_dzzlzz _d21|21

where I = [w; (£) C;(£) d&

with more complicated expression for rates of change of:

Cll(éa)’ C22(§)1 C21(§) = Clz(é)

Murrell and Law, Ecology Letters 2003



two-species competition: competition kernels

non-self
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two-species competition: outcomes
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growth in neighbourhoods

‘toy’ dynamical models

- neighbourhood
e - dependence

also needed in plant ecology
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dynamics of plant growth

System of n Gompertz growth equations coupled through
neighbourhood kernel functions:

d
% 6 - 6iyi - 6,2.F(yyj.dyj) (plant 1)
j#1

; :
n b - O1yn - QZZF(Yniyjidnj) (plant n)

dt i#n
- ~ ) — ~ /)
Gompertz growth coupling through nbrhd
competition

little known about F

Schneider, Law and lllian 2006



ZOl kernel

plant 1 y,

radius of ZOI

r, =0, f(y)

plant 2y,

growth reduced by
amount of overlap



Log size

For plant i
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fit growth model to data

growth from integrating model with 6

observed growth of plant

10 20 30
Time d

Initial value for integation for

plant i

Schneider, Law and lllian 2006



Y coord (cm)

Weight (log ransformed)

estimated growth curves
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heterogeneous environments and
evolution



heterogeneous environment: rules for living

points here are high-quality locations
in the environment (fixed in space)

N —— organisms scattered across the space

So-
veo-t \

death rate falls with the number of high-
guality locations in a region around the
organism

Cousens, Dytham and Law 2008. Dispersal in Plants. CUP



heterogeneous environment: realisations
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heterogeneous environment: realisations

oy
£
—
=
zZ
Time
initial decline — 100 individuals long dispersal: intermediate popn growth
located uniformly at random
across space medium dispersal: fast growth

short dispersal: slow growth

Cousens, Dytham and Law 2008. Dispersal in Plants. CUP



heterogeneous environment: evolution

evolution: change in gene frequency
e.g. genes affecting dispersal kernel

homogeneous environment:

mutant with greater dispersal wins:

determinants of geometry evolving
heterogeneous environment:

mutant with dispersal matching the spatial scale of
environmental heterogeneity wins

many other possibilities
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