Using analytical models in applied ecology: when
is it good to simplify?
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Modelling for a specific applied question

The spread and impacts of a harmful US invasive
in Europe




Modelling for a specific applied question
Projecting future
ragweed distribution
(& impacts & control
outcomes) requires

v spatially-explicit

“* modelling of:

-Climatic tolerances
-Introduction hotspots
-Population dynamics
-Multiple dispersal
g processes

\}é -Future climate & habitat

(b) A1b/BMBU

.lll High : 1

Simulated
occupancy
’ (2050)

Data hungry and
computer intensive, but
do-able




Modelling for a specific applied question

The spread and impacts of a harmful US invasive
in Europe




Why use simple models in applied ecology?

e.o. IDE models of nopulation spread (wavesneed)
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Using wavespeed models to explore possible futures:
wili plants keep up with ciimate change?
how will climate change alter plant dispersal & spread?




The velocity of

climate change
(Loarie et al 2009 Nature)

Global mean = 0.42 km/yr

Range = 0.11-1.46 km/yr

Will plants keep up?

1. Tropical and subtropical coniferous forests, 0.08 &, Tropical and subtropical dry broadlaaf

. forasts, 0.42
2. Tempsarate coniferous forests, 0.11 9, Boreal forestaftaiga, 0.43
3. Moritana grazslandz and shrublands, 0,11 10, Tamparata grasslands, savannas and

shrublands, 0.59

4

4, Meditarranean forests, woodlands and serub, 0.26 11, Tropical and subtropical grasslands, savannas,
shrublands, 0.67

)

& Tundra, 0.2 12. Dasartz and xeric shrublands, 0.71

B, Tropical and subtropical moist broadlaaf 13, Mangroves, 0.85
forests, 0.33

A

7. Temparate broadleaf and mixad forests, 035 14, Floodad grasslands and savannas, 1.26
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Figure 3 | The velocity of temperature change by biome. A map of biomes
and histograms of the speed of temperature change within each biome.



Use wavespeed models to explore best-case scenarios using
knowledge of plant dispersal distances

A few good studies of plant dispersal over long distances

Prunus jamasakura, bear
0.7 T T T

& e.g. Prunus
{ jamasakura by
Asiatic black bear.
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Bullock (2012). In Dispersal ecology and evolution. OUP



Amass good dispersal data & explore using scalar

wavespeed models

11
C* = min gln[ﬂM (s)] (e.g. Lewis et al. 2006)

A = population growth rate, assumed (optimistically) to be 2 here
M(s) = 1d MGF of the dispersal kernel (empirically estimated)

Prunus jamasakura by Asiatic black bear
— wavespeed = 0.79 km/yr

Prunus jamasakura, bear
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Bullock (2012). In Dispersal ecology and evolution. OUP



Prunus mahaleb, bird & mammal Trillium grandifiorum, deer Tilia americana, wind
T T T T T T T T T T 0.35 T T T T T

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

- . . . . - - |
2000 4000 6000 8000 10000 12000 14000 16000 0 500 1000 1500 2000 2500 3000 3500 4000

=]

Apocynum sibiricum, wind Protea repens, wind+tumble Acacia ligulata, ant

0.35 0.16-

0.35

@ Prunus mahaleb (shrub, vertebrates): 0.71 km/yr

@ Trillium grandiflorum (herb, deer): 0.53 km/yr
@ Tilia americana (tree, wind): 0.02 km/yr

@ Apocynum sibiricum (herb, wind): 0.02 km/yr
@ Protea repens (shrub, wind): 0.02 km/yr

@ Acacia ligulata (shrub, ant): 0.09 km/yr

@ Ailanthus altissima (tree, river): 0.10 km/yr
Bullock (2012). In Dispersal ecology and evolution. OUP
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@ Only 7 of 32 species with
wavespeeds > lowest climate
change velocity 0.11 km yr!
- all vertebrate dispersed

Bullock (2012). In Dispersal ecology and evolution. OUP
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Good dispersal representation is critical: danger of
extrapolation using fitted functions

Fitted function

e ]




Good dispersal representation is critical: one
approach = mechanistic models

e.g. WALD mechanistic model for o\Y? XN (r — )

dispersal by wind (Katul et al. p(r) = (2 3) EIP\ > ]
mr 21

2005)

r = distance, u' = location parameter and A’ = scale parameter.
p' and A’ can be calculated from seed release height & falling velocity, and wind speed &
turbulence

- C. nutans 2003 -~ C. acanthoides 2003
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Shown to match wind dispersal data — e.g. Shea & Skarpaas 2007



Dispersal of many species may be affected by climate change

ﬁECENT AND PROJECTm
FUTURE CHANGES IN
CLIMATIC VARIABLES!

+ Increased temperatures

+ Earlier springs

* Fewer cold & more hot extremes

+ Increased runoff (glacier &
snowfed rivers)

+ Increased frequency of heavy
rainfalls (& floods)

* Precipitation increased (lugh
latitudes) or decreased (subtropics)

+ Increased tropical cyclone intensity

+ Changed windspeeds*

* Reduced sea ice

* Increased CO, concentration

PROXIMATE CAUSES OF
CHANGED DISPERSAL
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DIRECT IMPACTS
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EMIGRATION PHASE

= Take-off of ballooning
spiders®!

= Flight probability in

moths**and sparrows®

* Advanced departure of

seal pups®8

* Piping plovers dispersal

likelihood®>

+ Wolverine dispersal
likelihood=!!
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TRANSFER PHASE

» Distance of wind-dispersed
seeds!?

» Butterfly flight tune® & uplift
of wind-dispersed seeds®®

« Flight time of moths® &
lizard® and sea turtles®
dispersal across oceans

+* Fish movement between
nvers=10

» Distance of artic foxes®!?

!

ye CHANGED
[ BIOPHYSICAL
ENVIRONMENT

+ Habitat quality

* Resource availability

+ Timing of seagons

+ Behaviour of digpersal vector
+ Identity of interacting species

!

e R
CHANGED STATE OF THE |
INDIVIDUAL

* Body size. allometry , morphology
* Body condition
* Rate of development

G +$ . Lowfood

availability
b
ST

N

) Changed spring
" phenology

More years with
poor conditions

-

Morphelogical/
~ physiological
plasticity

INDIRECT IMPACTS

Yl Changed
_ environment
development

during

* Departure of smaller
individuals (many
species)!!

.+ Daspersal probability

of water birds®!4

* Agynchrony with ant
dispersers of seeds!?

* Departure of smaller
individuals (many
species)!!

* Dnifting behaviour of
molluses®e

* Dispersal probability
of spiders®15 &
lizards™7 after non-
optimal temperatures

4
*

L 4
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» Butterfly thght morphology*®!?

* Distances of smaller individuals
(many species)!!

+ Songbird distances®!?

+ Distances of smaller
mdividuals (many species)!!

+ Shifts in spider dispersal
modes®e

+ Seed distances from taller plants™

» Distances of fast-developing
plankton®1®

Travis et al. In review




Use WALD to project dispersal of climate-limited, wind-
dispersed plants: using measured demography

UK invasives

Canadian fleabane Tree of Heaven
Conyza canadensis Ailanthus altissima Lactuca serriola

Prickly lettuce

UK scarce natives

Dorset heather _
Erica ciliaris Ste
Cisium acaule Himantoglossum hircinum

)

mless thistle Lizard orchid
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limate change
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% change in mean
windspeeds

for winter &
summer periods

projected by 18
GCMs for 3

emissions scenarios
2070-2099

GV §F I

Differences among
GCMs more than
among scenarios

Bullock et al. (2012). J. Ecol
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Current & projected future windspeeds in S. England
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Probability
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0.003 -

0.002 ~

0.001 +

Convert mean change to a distribution using Weibull
function (assume only scale parameter n is changed)

B—1 B - 1
pi(u) :%(%) exp[—(%) ] U= ﬂ‘r(ﬁ‘i‘ 1)
—Baseline windspeed
—-80% mean windspeed change

+80% mean windspeed change
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Bullock et al. (2012). J. Ecol




Dispersal dramatically changed by windspeed

Seasonal dispersal
kernel p(r) derived by
integrating WALD over
the windspeed
distribution (hourly
measures over 3 months
& 20 yrs)

I

25
plr) = —__/ pr(u)pa(r,u)du.
CJo

pi(u) 15 the Weibull PDF
pa(rae) 1s the PDF of the WALD

0o 25
C = f f pr{u)p>(r,u)dudr
0 ]

Bullock et al. (2012). J. Ecol
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Uncertainty, uncertainty, uncertainty
- Non-linear response of
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Moving forwards 1: Using simulation and analytical
modelling for applied questions

Legend l |

current plant locations

«  future plant locations (20 years)

I:l study area boundary
E Garden buffer

landcover
cover type

broadleaved forest

| coniferous forest

@ mixed forest

open

I:I water

Rhododendron - Invasive in W. Europe,
New Zealand, etc

Individual-based model

@ Individual seeds disperse, germinate,
grow & produce seeds

@ Real landscapes, with habitat-specific
demography

Wavespeed model
@ Generalised demography, etc

@ But stage-structured, including age-
specific dispersal (60 classes)

Travis et al (2011) Methods in Ecology and Evolution



Moving forwards 1: Using simulation and analytical
modelling for applied questions

1) Wavespeed model can be used to 2) Wavespeed model can provide
‘validate’ the IBM clear, generic guidance on control —
elasticity analyses

18

16 - ? O Analytical model 0.10
. ® iBM Analytical elasticities
5 14}
g . 0.08 4
g 12f o A Growth
0 =
£ 10r O S oos
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% 8r ® g .
3 6 o 5 0.04 [ Fecundity
2 (3 iy
5 k=
z ¢ o 2
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0 10 20 30 40 50 60 70 0.00
Number of age classes 0 5 1ID 1|5 zln
Wavespeeds from the IBM and the
. . g 108 IBM elasticities
analytical model, for different ol
formulations (number of age classes). il W /\/\/\w/\@
IBM standard deviations from 20 replicate Qi %/D\ T et R \1
simulations. 12 ol \j‘ \D/Dﬂ\g/ \ J

Travis et al (2011) Methods in Ecology and Evolution Age class



Moving forwards 2: Investigating spatial heterogeneity in
a na Iytical mOdEIS Ecology, 90(5), 2009, pp. 1338-1345

Dispcrsal in hctcr{'mgcncnus habitats:
Inspiration = thresholds, spatial scales, and approximate rates of spread

. 1
SeEBASTIAN DEWHIRST AND FriTHIOF LUTSCHER

@ Landscape = periodic good

t=109
= 06 ' & bad habitat (affects
s oal | population growth)
s Ll | @ Averaging techniques used
5 to derive approximate
= -%SD -200 -150 -100 -850 0 50 100 150 200 250 spread rate for IDE mOdEI
location (x)
Wave front location @ Also derive invasion

A0 F T T T T T . . r ' = L.
1 threshold = minimal % of

- good habitat allowing
spread

100 |

50

& PhD student Mark Gilbert -
0 20 40 B0 BO 100 120 140 160 180 200 developing & applying this
Generation
method
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