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Spatial ecology- describes changes in spatial pattern over time
» processes - colonisation / immigration and locéihetion /
emigration

» local populations are subject to continuous colamisand
extinction
» wildlife populations are fragmented

Two approaches:

» landscape ecology - focus on communities at large
geographic scale

» metapopulation ecology - focus on metapopulations

Metapopulation - a population consisting of many local
populationgsub-populations) connected by migrating individual
with discrete breeding opportunities (not patchgulations)



Distribution of mdividuals

» population density changes also in space
» for migratory animals (salmon) seasonal movengtite dominant

cause of population change

» movement of individuals between patches can bsiyedependent

» distribution of individuals have three basic madel
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Fegular Fandom Aggregated

» most populations in nature are aggregated (clumped




Reqgular distribution

» reqgular distribution is described by hypothetigaiform distribution

P(x) = %

n .. IS number of samples
X ..Is category of counts (0, 1, 2, 3, 4, ...)

» all samples have similar probability

1
» mean: :E(n+1)

» variance: g? :i(nZ -1
12

» for regular distribution: 4= g



Random distribution

» random distribution is described by hypotheticaisBon distribution

e

P(X) = ;

U .. IS expected value of individuals
X ..Is category of counts (0, 1, 2, 3, 4, ...)

» probability ofx individuals at a given area usually decreases xvith
» observed and expected frequencies are companmgxfstatistics

» for random distribution: 4 =0°



Aggregated distribution
» aggregated distribution is described by hypothenegative binomial

distribution = .
P(X):[l_ﬂj (k+x—1)![ 7, ]

k) (k-1 | g+k

U .. IS expected value of individuals
X ..Is category of counts (0, 1, 2, 3, 4, ...)
k.. degree of clumping, the smalle(- 0) the greater degree of clumping

» approximate value &: e
» exact value is estimated iteratively k=
» for aggregated: 4, < 42 & %

Coefficient of dispersion (CD)

CD < 1 ... uniform distribution Ch=
CD =1 ... random distribution
CD > 1 ... aggregated distribution



Landscape ecology

» first model developed by MacArthur and Wilson (I96
» the theory:
- does not predict stable populations
- there Is ongoing colonisation and stochastiaexnn
- Species composition is continually changing bettbtal number of
species is constant
- colonisation-extinction equilibrium
- mainland serves as continuous source of migrants




Species-area relationship

» larger islands/areas support more species
» Darlington’s rule = tenfold increase in area resul |
double increase of species ~

Specie-area relationship for breeding
S.. number of species land-birds of the West Indies

A .. Island area

S=CcA’
c, Z .. constants 3

In(S) =In(c) + zIn(A) % 1 Y= 094 +0.11x
» larger area contain %;
more habitat types z

» larger habitats support
larger populations
(lower probability of extinction 1

In(areafha]) 10000
Gotelli & Abele (1982)



» slope of the regression line for islands rangéwédéen 0.24-0.34 for
ants, birds, plants, etc.

» species diversity is a function of sampled size laabitat diversity
» slope of linear regression ranges for inland betw@12-0.17

» there is exchange of organisms with surroundieg®rnot isolated
as islands
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Metapopulation ecology

» Levins (1969) distinguished between dynamics sihgle population
and a set of local populations which interact w@ividuals moving
among populations

» Hanski (1997) developed the theory

» the degree of isolation may vary depending ordteE@nce among

patches
"
R
High isolation L ow 1=0lation

» unlike growth models that focus on population smetapopulation
models concern persistence of a population - igfaiesof a single sub-
population and focus on fraction of sub-populasdas occupied



| evins model

p .. proportion of patches occupied dp
m .. colonisation rate = =mp(l—-p)—ep
e .. extinction rate :

» assumptions
- sub-populations are identical in size, distamesources, etc.
- extinction and colonisation are independen of
- many patches are available

» equilibrium is found fodp/dt=0
0.5

e
= oy | e
. m m >

- sub-populations will persist only if ﬁ
colonisation is larger than extinction 0.1

- all patches can not be occupied

Time



Hanskl model - ,core-satellite”

p .. proportion of patches occupied d

ik P
c .. external colonisation rate d_ =cp(d- p)—-ep(d- p)
e .. extinction rate t

» edecreases with increasipg. egl-p)
- rescue effect - re-colonisation of sites on vafextinction

» equilibrium is found fodp/dt=0
0=(c-¢e)pd-p) 1

- if c>e.. all sites will be occupied - stabl
equilibrium

- If ¢ < e .. extinction - stable equilibrium
- If c=e.. stable equilibrium

Y

0 Time



Example 20

In a field the abundance of spiders was studiechésns
of 20 pitfall traps. The following counts were reded:

O’ O’ 1’ 51 71 O! 11 1’ 4’ 11 O’ 01 2’ O’ O! 31]11 1

1. Is the distribution of spiders in the field rana or aggregated?
2. If aggregated, what is the coefficient of diggpem (CD) and the
degree of aggregatioR)?

X2 :izlzll(xi ;X)z



db==ic (K0 WO ISe e . O T A Sead s REE 0 ROTS2s . (RS0 A3 g w8 I I8
t abl e( ab)

hi st (ab)

nmean( ab)

chi <-sun{ (ab-1.8)7"2/1. 8); chi
1- pchi sq(60. 67, 19)

chi sq. test (ab)

var ( ab)

CD<-var (ab)/ nean(ab); CD

k<- mean( ab) 22/ (var (ab) - nean(ab)); k

| i br ar y( MASS)
fitdistr(ab, "negative binomal")



Example 21

A new protected area, 48 700 ha large, is goirgetestablished. You
need to know expected number of mammal speci¢sdticar in this
new area before species inventory will be performed

1. Use information from surrounding areas to edtntiae expected

species richness.
Area [ha]| Species

224 24
740 39
1720 45
4304 56
10806 71
34931 80

2. The minimum number of species that a proteated must have is
90. How large you expect the new protected ared bhais



area<-c(224, 740, 1720, 4304, 10806, 34931)
spec<-c(24, 39, 45, 56, 71, 80)

pl ot (ar ea, spec)

pl ot (I og(area), | og(spec))

| m( 1 og(spec) ~l og(area))

exp(2.0211+0. 2352*| 0g(48700))



Example 22

There are two sub-populations of deer. One hasah@dGhe other 5
Individuals. The first one has exploited its res@grso their finite
rate of population increasg,{ is 0.8. The other has a lot of
resources, therefore theis = 1.2. There is a possible rate of
exchanged) between sub-populations.

1. Use discrete density-independent models to sitmdiate of
populations that are not connected,d.e.O.

2. Simulate the dynamics of the two sub-populatfon20 years
with various levels of exchangeé= 0.1 to 1.

Ny = /]1N1,t @-d)+ dNZ,t

N,y = A, N, @-d)+ le,t



N12<-dat a. frame(Nl<- nunmeri c(1: 20), N2<- nuneri c(1: 20))
N12[, 1] <-100
N12[, 2] <-5

d=0

for(t in 1:20) NL2[t+1,]<-{
N1<-0.8*((1-d)*N12[t, 1] +d*N12[t, 2])
N2<-1.2*((1-d)*N12[t, 2] +d*N12[t, 1])
c( N1, N2)}

mat pl ot (N12, type="1",[ty=1:2)

d=0. 2

for(t in 1:20) N12[t+1,]<-{
N1<-0.8*((1-d)*N12[t, 1] +d*N12[t, 2])
N2<-1.2*((1-d)*N12[t, 2] +d*N12[t, 1])
c(N1, N2) }

mat pl ot (N12, type="1",1ty=1:2)

d=0. 8

for(t in 1:20) NL2[t+1,]<-{
N1<-0.8*((1-d)*N12[t, 1] +d*N12[t, 2])
N2<-1.2*((1-d)*N12[t, 2] +d*N12[t, 1])
c( N1, N2)}

mat pl ot (N12, type="1",[ty=1:2)



