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How do we account for missing data? 

• Infrequent sampling 

• Missed weeks – poor weather, illness, holidays 

• Sites not visited in all years 



C:\Users\irma\Downloads\BCE logo screen dump.png 

1. Estimate species flight curve 

2. Estimate site indices 

3. Combine to collated indices 

Combine to multi-species indicators 

Estimate species trends 

Overview of modelling steps 



C:\Users\irma\Downloads\BCE logo screen dump.png 

https://doi.org/10.1016/0006-3207(77)90065-9 

https://doi.org/10.1111/j.1365-2311.1993.tb01083.x 

https://doi.org/10.1016/0006-3207(77)90065-9
https://doi.org/10.1016/0006-3207(77)90065-9
https://doi.org/10.1016/0006-3207(77)90065-9
https://doi.org/10.1016/0006-3207(77)90065-9
https://doi.org/10.1016/0006-3207(77)90065-9
https://doi.org/10.1111/j.1365-2311.1993.tb01083.x
https://doi.org/10.1111/j.1365-2311.1993.tb01083.x
https://doi.org/10.1111/j.1365-2311.1993.tb01083.x


C:\Users\irma\Downloads\BCE logo screen dump.png 

https://doi.org/10.1080/02664760120074979 

• A generalized additive model (GAM) is fitted to each 

site and year individually 

• Excludes data where peak flight period is unrecorded 

or more than 30% data requires estimation 

• For the UK, nearly 40% of monitored 10km grid 

squares were excluded 

https://doi.org/10.1080/02664760120074979
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https://doi.org/10.1111/2041-210X.12053 (open) 

• A GAM is used to estimate a common flight period across 

sites for each year. 

• More robust indices and trends than single-site GAM or 

linear interpolation 

• Greater use of data 

• Disadvantage – can be slow when there are lots of data 

https://doi.org/10.1111/2041-210X.12053
https://doi.org/10.1111/2041-210X.12053
https://doi.org/10.1111/2041-210X.12053
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https://doi.org/10.1111/1365-2664.12561 (open) 

• Varying flight curves with biogeographical 

region 

• Adapted for latest EU indicators under the 

ABLE project 

https://doi.org/10.1111/1365-2664.12561
https://doi.org/10.1111/1365-2664.12561
https://doi.org/10.1111/1365-2664.12561
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https://doi.org/10.1111/biom.12506 (open) 

https://doi.org/10.1111/biom.12506
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The GAI approach offers three options for 

describing seasonal variation: 

• Flexible spline/GAM across sites each year 

• Parametric description for each brood using Normal distributions 

• Phenology estimation, incorporating covariates 

• “Stopover model” 

• Mechanistic description with certain assumptions  

•  estimates adult lifespan 

• Relevant paper: https://doi.org/10.1111/1365-2664.12208 

 

 

(open) 

https://doi.org/10.1111/1365-2664.12208
https://doi.org/10.1111/1365-2664.12208
https://doi.org/10.1111/1365-2664.12208
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1. Estimate species flight curve 

𝜆𝑖,𝑗 = 𝑁𝑖𝑎𝑖,𝑗 

Expected 

count 

(Poisson) 

Seasonal 

variation 
Site 

abundance 

• We use a flexible curve to describe the species flight pattern across sites 

within a BMS or biogeographical region 

• The “height” of the curve is reflected by the site effect 

• Efficient modelling of the site effects 𝑁𝑖  

•  concentrated likelihood – up to 75 times faster than previous method  

For each year: 
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1. Estimate species flight curve 
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1. Estimate species flight curve 
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1. Estimate species flight curve 
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2. Combine to site indices 

𝑁𝑖 =
 𝑦𝑖,𝑗𝑗

 𝑎𝑖,𝑗𝑗

 

Site index 

For each year: 

Real counts, summed 

across visits 

Estimated flight curve, 

summed across visits 

Site indices for each site and year for a given species 
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3. Combine to collated indices 

We need to account for the fact that not all sites are monitored every year. 

So we fit a Poisson generalised linear model (GLM): 

𝑁𝑖,𝑘~ 𝛼𝑖 + 𝛽𝑘 

Site index 

Site effect 

Year effect 

• Account for some years/sites being better than others 

• Also weight by the proportion of the flight curve sampled 

• Well sampled sites contribute more  

• We can then obtain expected total butterfly counts/densities 

• And convert to collated indices to consider changes in relative abundance over time 



C:\Users\irma\Downloads\BCE logo screen dump.png 

1. Estimate species flight curve 

2. Estimate site indices 

3. Combine to collated indices 

Combine to multi-species indicators 

Estimate species trends 

Overview of modelling steps 



C:\Users\irma\Downloads\BCE logo screen dump.png 

1. Estimate species flight curve 
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Bootstrapping to measure uncertainty 

What is bootstrapping? 

Randomly resample from the data (with replacement) many times and 

apply method to each data resample 

Why bootstrap? 

 Flexibly account for uncertainty from various sources, including  

 multiple stages of model fitting 

How does it work in practice? 

 1. Resample the data 

 2. Apply the work flow to each data resample 

 3. Calculate confidence intervals by taking (95%) quantiles  

  (e.g. for collated indices, trends, multi-species intervals) 
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Calculating species trends 

• Fit a linear regression to the species collated 

index 

• Apply to each bootstrap to quantify uncertainty 

• Package rtrim:  

     https://cran.r-project.org/web/packages/rtrim/index.html 

Date 

period 

Rate of 

change 

% 

change 

Class 

2008-2017 
1.032  

(1.019, 1.045) 
32.5% 

Moderate 

increase 

https://cran.r-project.org/web/packages/rtrim/index.html
https://cran.r-project.org/web/packages/rtrim/index.html
https://cran.r-project.org/web/packages/rtrim/index.html
https://cran.r-project.org/web/packages/rtrim/index.html
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Calculating species trends 

Date 

period 

Rate of 

change 

% 

change 

Class 

2008-2017 
1.032  

(1.019, 1.045) 
32.5% 

Moderate 

increase 

Category Description 

Strong increase Significant increase > 5% per year 

Moderate increase 
Significant increase but less than 5% 

per year 

Uncertain 
No significant change, changes likely to 

be greater than 5% per year 

Stable 
No significant change, changes likely to 

be less than 5% per year 

Moderate decline 
Significant decrease but less than 5% 

per year 

Strong decline Significant decrease of >5% per year 
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• Take the geometric mean of the species collated indices  

For M species and year k 

• Common indicator approach e.g. Living Planet Index 

• Account for late entries 

• The doubling of one species compensates the halving of another species 

Multi-species indicators 

Species Year 1 Year 2 

A 100 50 

B 100 200 

Arithmetic mean 100 125 

Geometric mean 100 100 

𝐼𝑘 = exp
1

𝑀
 log

𝑛𝑚,𝑘
𝑛𝑚,1

𝑀

𝑚=1
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• Existing tools 

• Soldaat et al. MSI tool  

• https://doi.org/10.1016/j.ecolind.2017.05.033 

• https://www.cbs.nl/en-gb/society/nature-and-environment/indices-and-trends--

trim--/msi-tool 

• BRCindicators R package 

• https://github.com/BiologicalRecordsCentre/BRCindicators 

• New methods in development 

 

• Bootstrapping allows for straightforward calculation of confidence intervals 

Multi-species indicators 
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Multi-species indicator example 

Stable (+5.9%) 

Moderate increase (+32.5%) 

Moderate increase (+18.4%) 


