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• 20 years to complete (2000–2019)

• >8,500 botanists

• Recording the locations of wild 
plants in the 3,893 10 km grid 
squares in Britain and Ireland 

• ~30 million (new) records

• 3,495 taxa

The Plant Atlas 2020 survey



Aim 1: Map the distribution of all flowering plants and ferns 
growing in the wild in Britain and Ireland

Dot-distribution maps (10 km scale)
          

             

             

            

             

             

                                                                                                                         
                                                                               

Early Marsh Orchid



Aim 2: Measure changes in distribution

          

              

            

            

            

             

                                                                                                                      
                                                                                           

1. Change assessed using three atlases

1962 2002 2023
    

    

    

    

    

    

                                

 
 
  
  
  
  
  
 
 
 
 
 
 

2. Trends estimated using Frescalo

3. Summarised as a ‘trend bar’

Strong 

decline
Strong 

increase

Moderate 

decline
Stable Moderate 

increase



Aims and assumptions

• Changes in national distribution (range size)

• Appropriate taxonomic aggregation

• Appropriate spatial scale

• Appropriate date-classes (time periods)

•                                     “    -generating 

       ”

• Representing uncertainty in results?
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10 km

2 km

<= 1 km

Pescott, O.L. et al. 2019. British & Irish Botany, 1(4), pp. 250–282

Changing “effort” Changing effort at small scales is frequently correlated 
with the changing probability of a species being recorded

Rare/critical taxa more likely to be recorded at finer 
scales historically; reverse often true for common taxa

This guarantees biased trends at these scales
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1952: ~700 aliens, but only ~450 in keys

Stace & Crawley (2015) Alien Plants, 
London: HarperCollins

1991: Full treatment of ~1,500 aliens 
(1,770 in 3rd ed., 2010) 

Changing knowledge and resources



Adjusting for variable effort in time and space
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3. For each (standardised) 
neighbourhood, define the top 𝑥% of 
spp. as “benchmarks”. These will be 
used to index recording effort per 
site/time-period 

4. For each site/time-period, use the 
proportion of recorded benchmarks to 
adjust standardised spp. frequencies. 

Difference between data and effort-
adjusted frequencies are then estimates of 
time-period deviations.

That is, they tell us whether a species is 
more common or rare than expected, and 
so can be used to track temporal trends.



How many estimates?

• Another 15,691 only on website

• 22,090 in total — “production scale” statistics

ceh.ac.uk 9

6,399



Online 
trends
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• Conventional model-based uncertainty statements (e.g. standard errors, 

confidence intervals, credible intervals) are hard to understand

• Demonstrated repeatedly (e.g. Belia et al., 2005; Hoekstra et al. 2014; 

McShane & Gal, 2016)

Plot from Hoekstra et al. (2014). Robust misinterpretation of confidence 

intervals. Psychon. Bull. Rev., 21, 1157–1164.

Communicating model-based uncertainty

• Viewers can assume that points outside of error bars/ribbons 

are impossible

• Viewers assume that trends are always parallel to the error 

ribbon

• Continuous probability information is misinterpreted as 

categorical and deterministic

• The same visual conventions can mean different things (e.g. 

error bars used to indicate different types of uncertainty 

estimate)

• (Also, model-based! Model assumption failure not captured at 

all) (False statements)

No false statements were
 completely rejected!



Kale, A., Nguyen, F., Kay, M. & Hullman, J., 2018. Hypothetical outcome plots help untrained 

observers judge trends in ambiguous data. IEEE Transactions on Visualization and Computer 

Graphics, 25(1), pp. 892–902.

Line ensembles       “                                        -based] 

             …              w       w                                             ” 

– Kale et al., (2018)
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But are we communicating all the uncertainty?
“Our findings add to others suggesting that communicators can be 
transparent about statistical uncertainty without undermining their 

credibility as a source but should endeavour to provide a quantification, 
such as a numeric range, where possible.”

– Kerr et al. (2023)
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       ’                  Ecol. Ind. DOI:10.1016/j.ecolind.2022.109117

What about violated model assumptions?



Expert- and model-based trends: Productive differences? 
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Myrrhis odorata 
(Sweet Cicely)

Post-1987 effort-adjusted 
10 km distribution trends 
for England

Sisymbrium officinale 
(Hedge Mustard)

Trichophorum germanicum 
(Deergrass)



ceh.ac.uk 17

Neophytes — recent increasers
Garden Lady’s-mantle

(Alchemilla mollis)
Narrow-leaved Ragwort

(Senecio inaequidens)
Water Bent

(Polypogon viridis)

Short-term effort-
adjusted 10 km 
distribution trends 
for Britain

Short-term effort-
adjusted 10 km 
distribution trends 
for Britain

Short-term effort-
adjusted 10 km 
distribution trends 
for Britain

© David Nicholls

© Rob Still / Chris Gibson © Rob Still / Chris Gibson



Aggregated trends with model-based 
uncertainty propagation
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Graphic adapted from Soldaat et al. (2017). Ecol. Ind.
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Heather

Harebell

Rough 
Hawkbit

Etc. etc.



Trends in natives and non-natives
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Walker, K., Stroh, P., Humphrey, T., Roy, D., Burkmar, R. and Pescott, O.L. 
(2023) Britain's changing flora: a summary of the results of Plant Atlas 2020. 
BSBI & UKCEH.

• LEFT: Species’ linear trends summarised into 3 rather than 5 categories. So, “moderate” and 
“strong” declines collapsed into “decreasing” etc.

• RIGHT: Averaged smoothed trends (propagating species’ level model-based uncertainty)



Species/habitat associations
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Survey sampling statisticians have already developed numerous 

methods of adjustment for unrepresentative sampling

1987–1999 2000–2019 Calluna vulgaris 1 km distribution change 

estimates from atlas data + adjustments

Calluna vulgaris: estimates of truth from land cover mapping & 1 km 

atlas squares, constrained by known 10 km distribution 1950–2019

“True” change 

at 1 km

Sample-based

Towards better estimates of change at finer scales?

Boyd, R.J., Stewart, G.B. & Pescott, O.L. (2024) Descriptive 
inference using large, unrepresentative nonprobability samples: 
An introduction for ecologists. Ecology, 105(2), e4214.



Allen’s “unconscious tradition”
“The long and fruitful record of collaboration between [the professionals and the 
amateurs] is a justifiable boast of natural history in this country. Yet it is all too 
easy […] to underestimate how delicately it depends on a more or less 
unconscious tradition of compromise between conflicting interests. […] Each 
group needs the other, and societies are the gainers by holding these mixtures 
in a state of perpetual mild tension.”
David E. Allen (1976) The Naturalist in Britain: A Social History.

Some (hypo/hyper)-tensive questions for the future:

• Can we reconcile expert-based and model-based change estimates?

• Can we communicate these even more clearly?

• Can we capture more data on habitat/community-level processes?

• Can we do more nationally with smaller-scale data without increasing bias?



Plant Atlas 2020

View online: plantatlas2020.org/
Buy the book: princeton.press/plantatlas

Find out more: bsbi.org/atlas-2020
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