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Overview

� Background
� Collision risk modelling (CRM)
� Kader Ecologie en Cumulatie (KEC)

� Population modelling approach
� General introduction matrix models
� Species-specific population models
� Assessing effects of additional mortality on population level
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KEC framework (Rijkswaterstaat 2015)

� Impact assessment

� Southern North Sea

� Density predictions
� ESAS
� MWTL

� Mortality rates



KEC?





WOZEP

� Review of tracking data (Gyimesi et al. 2017)



Bewick’s Swan

Data from Griffin et al. 2016



WOZEP

� Review of tracking data

� Improved CRM output (and mortality habitat loss – Tobias)

but…

� Questions regarding PBR

� Effects on population level via population modelling



Population-level impact

� Aim:
� Assessing the impact on the population level

Life history strategies:

Slow --- Fast

Wandering albatross Blue tit
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Population-level impact

� Aim:
� Assessing the impact on the population level

� Approach:
� Population model
� Add additional mortality:
� Turbine collisions: based on KEC-estimates
� Habitat loss: based on habitat model and energy budget model
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� Matrix models

� Widely used in conservation ecology
� Project population trend
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Population model

� Matrix models

� Widely used in conservation ecology
� Project population trend
� Identify potential threats
� Assess the sensitivity of the population trend to changes in

different parameters
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Population model

� Matrix models

� Widely used in conservation ecology
� Project population trend
� Identify potential threats
� Assess the sensitivity of the population trend to changes in

different parameters
� Predict efficiency of different management strategies



Population model

� Matrix models

� Widely used in conservation ecology

� Age- or stage-based; only females



Population model

R. Fijn



Population model
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� Example, time step is 1 year, pre-breeding census



Population model

� Example
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Population model

� Example

1) Initial population; 2) Survival

year 1 year 2
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Population model

� Example

1) Initial population; 2) Survival

year 1 year 2

N =
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Population model

� Example

1) Initial population; 2) Survival

year 1 year 2

N =

0.7
0.9
0.9 * 0.9

100
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1 year old
2 years old
3 years old
Breeding adult
Floater

70
90

81+..
9+..0.9 * (1-0.9)



Population model

� Example

1) Initial population; 2) Survival

year 1 year 2

N =

100
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50

1 year old
2 years old
3 years old
Breeding adult
Floater
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70
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9+19+..0.95 * 0.1



Population model

� Example

1) Initial population; 2) Survival

year 1 year 2

N =

100
100
100
200
50

1 year old
2 years old
3 years old
Breeding adult
Floater

0.95 * 0.9

70
90

252+43
28+50.95 * 0.1



Population model

� Example

1) Initial population; 2) Survival; 3) Reproduction

year 1 year 2

N =

100
100
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200
50

1 year old
2 years old
3 years old
Breeding adult
Floater

144
70
90

295
32



Species-specific population model

1. Model structure
- Age of first breeding
� Kittiwake, Herring gull: 4
� Great skua: 7

- Incorporation of floaters; proportion can vary between years
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Species-specific population model

1. Model structure
- Age of first breeding
� Kittiwake, Herring gull: 4
� Great skua: 7

- Incorporation of floaters; proportion can vary between years

2. Defining input parameters
- Survival: S0, S1, S2, S3, Sad

- Reproduction: F, PBr

- Stochasticity: variation between years (and runs)
- Uncertainty
- Density dependence
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Species-specific population model

� Variation between years: stochasticity
� ‘Good’ and ‘Bad’ years



Species-specific population model

� Variation between years: stochasticity
� ‘Good’ and ‘Bad’ years

mean: 0.9
sd: 0.02



Species-specific population model

� Variation between years: stochasticity
� ‘Good’ and ‘Bad’ years

mean: 0.9
sd: 0.02



Species-specific population model



Species-specific population model

� Variation between years: stochasticity
� ‘Good’ and ‘Bad’ years
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� Quality of data; Standard error
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Species-specific population model

� Variation between years: stochasticity
� ‘Good’ and ‘Bad’ years

� Uncertainty in parameters
� Quality of data; Standard error
� Sensitivity of population trend to input parameters



Additional mortality

Institute Source of estimates
Collision mortality BuWa KEC
Mortality due to habitat displacement WMR Habitat model,

energy budget model

Note: different species



Additional mortality
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Population model

� Examples model output:
- Average population trend with vs. without impact
- Average population size after 50 years
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Population model

� Examples model output:
- Average population trend with vs. without impact
- Average population size after 50 years
- Comparison of distribution impacted vs. un-impacted

population size
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Population model

� Examples model output:
- Average population trend with vs. without impact
- Average population size after 50 years
- Comparison of distribution impacted vs. un-impacted

population size

- Sensitivity of population trend to input parameters



Current status

� Finishing up Phase 1:
� Assessment existing population models, and available

information for development of population models

� Phase 2:
� Development of species-specific population models
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