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To demonstrate a tool capable of describing and predicting the distribution
of species...

...and a tool for estimating the impact due to environmental changes

Species Distribution Modelling (SDM)
Distributions and numbers

Individual Based Modelling (IBM)
Impact due to changes in the environment

Examples from baseline investigations for the planned fixed link between
Denmark and Germany, Fehmarn Belt
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Where are the birds (species)?
Why are they there?
How many are they?

SDMs statistically relate species observations to environmental
variables

Widely used in terrestrial settings
A large number of algorithms available
Regression methods commonly used

Can be used for different types of responses
Presence only
Presence/absence
Abundance
Densities
Cover
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Aerial surveys
Presence/absence
Density
Abundance

Ship surveys
Presence/absence
Density
Abundance

Telemetry data
Presence only
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Site fidelity

Species interactions
Density dependence
Unknown factors

l

Large amount
unexplained
variance

Geographic
predictors
X,Y coordinates

Number of ships

Distance to wind farms

mv/ Distance to land

Currents
(dynamic)

"~ Density of
mussels
Bottom (dynamic)
substrates
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: : : » By using Generalised Additive
Nonlinear relationship Models (GAMs)

Non-normal distribution

Zero inflation » By using a two-step model
Spatial autocorrelation in model residuals
Correlation among predictors
Unoccupied suitable samples

» Checking...

Occupied unsuitable samples > Aggregating data into larger cells

Important to evaluate the model
Model fit
Predictive accuracy
Interpretability
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SDM framework
Theory

Conceptual model

_ Collection of species _
and environmental Field knowledge

data

Statistical formulation
Evaluation of m Assessment of model fit
predictive accuracy

Predictions
Map of species
distribution
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Mussel
biomass

Species data = Eider densities

FEBI Baseline study
Aerial surveys
February 2009

GERMANY

kilometers
UTM Zone 32 - WGS84

Two-step Genaralised Additive Model
1) Binomial (presence/absence model)
2) Positive part (gamma with log link)

Predict and map

X,Y coordinates
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Results — Eiders in Fehmarn Belt

November 2009 — February 2010
Predictions based on aerial surveys Predictions based on ship surveys
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Results — Eiders in Fehmarn Belt

Probability model based on Density model based on
telemetry data survey data
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We are able to make reasonable predictions and map the distribution
patterns

We are able to estimate reasonable numbers

The different models produces comparable results

The models will never be better than the input data

We need to carefully assess the predictions

THE SDMs CAN BE VERY USEFUL TOOLS!
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What is the impact on a bird population if...?

Different scenarios depending on different expected environmental
changes

An IBM is a virtual ecosystem
Can be used to predict the effect of environmental change

Different modelling platforms available

ECOLOGICAL MODELLING 216 (2008) 265-276
available at www.sciencedirect.com

-22% . . .
*»’ ScienceDirect

journal homepage: www.elsevier.com/locate/ecolmodel

MORPH—An individual-based model to predict the effect of
environmental change on foraging animal populations

Richard A. Stillman*
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Building the IBM using Morph

Study system
Study grid

Mussel biomass

Water temperature

Day length

All these events are se
during each time step

depending on food
densities

Max density = 5,000 birds / km?
Initial body mass = 2,135 g
Target body mass = 2,371 g
Min body mass = 1,476 g

Forager variables
Forager = Common Eider |}
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Multiple model outputs in addition to distribution

» Survival of model birds
» Bird body mass

» Time spent foraging
» Food intake
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Application: assessment of iImpact

Running hypothetical impact scenario (food = 0 in the ‘impact’ area)

¥ Common Eider in the Fehmarnelt - hypothel pact scenario [2x2 km grid] [36.0% done] =lolx]

Variables [ Resources | Foragers Details lParamsters'

TimeStep |TimeStepLength [Day ITlme [DayLenqlh [Daylight lWaterTemp |—

Lolland 3 1570 1 66 9 752 1 597162
DENMARK e Patch [PatchName IPntchSize |Pnu:h)< |Pa:d1Y ‘WaterDeplh ‘Land |£i|

: X603000Y6072000 4000000 603000 6072000 156 2 1

6050006072000 4000000 605000 6072000 13.02 1820

[X607000Y6072000 1705175 607000 6072000 468 423

X613000Y6072000 2365942 613000 6072000 7.03 567

5 [xs15000v6072000 4000000 615000 6072000 2053 2103

IXRIZNNNYANZ20NN - 4NANNNA R1Z00NN ANZ20NN 2484 4nm

Resource |R ResourceC ResourceDensity
1 MusselAll 1] 14.2202506794321
1 MusselAll 83451.8164156968  21.9731348822022
MusselAll 128940.592838775 48.7157920037677
MusselAll a 1475.43391645558
MusselAll 0 217.899982733052
MussaLAll n R4 4R?479307911 Lll'j

Diet [DietName [DietDensity |F\eshDryMasaDensily |5he||DryMi|
1 [MusselDiet 142222508794321 0.01478 029842
MusselDiet 21.9731348822022 001478 029842
MusselDiet 48.7157920037677 001478 029842
MusselDist 1475.43391645558 001478 029842
MusselDiet 217.899982733052 001478 029842
Miasellist R4 4A7479302911 01478 n?nwf

Forager |FleshDi ShellD) FfeshDryMassqu\Stureﬂ
122 2159.93195764639 0 2160.74141429346
123 2176.13045251883 0 2180.41147546538
GERMANY | 124 |2198.32500673227 2201.3246833495

1 2200.02560744411 2207.67972840845
2202.17438700173 2207.1953071664
2071.08470253705 2074.52360668801
2129.48534889579 2134.9852211461
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Results of impact scenario: all birds survived, but maintained
lower body mass during most of the wintering period.
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Individual based modelling can be a useful tool when assessing impacts
of environmental changes

Carrying capacity can be estimated by using IBMs

IBM parameterisation is challenging and requires careful considerations

about the interactions between birds and their environment
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Thanks to our colleagues in the Fehmarn Belt project
BioConsult, Biola and University of Copenhagen
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