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* We already do a lot with scheme data

« We'd like to work with a wider range of Diptera
* Both models and data can be improved
 What can BRC do to help schemes?
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Understanding bias; developing methods
Multispecies trends and indicators

Regional trends & data availability
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Occupancy models from presence-only data

Methods in Ecology and Evolution

c T T Ty . Methods in Ecology and Evolution 2014 doi: 10.1111/2041-210X.12254

Statistics for citizen science: extracting signals of
change from noisy ecological data

Nick J. B. Isaac'*, Arco J. van Strien?, Tom A. August’, Marnix P. de Zeeuw? and David B. Roy'
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o RR+SF+LL+Site Journal of Applied Ecology 2013, 50, 14501458 doi: 10.1111/1365-2664.12158

OccDetSimple
OD+SF4LL+Site

Opportunistic citizen science data of animal species
produce reliable estimates of distribution trends if
analysed with occupancy models

Method

Arco J. van Strien"?*, Chris A.M. van Swaay” and Tim Termaat®

« Reverse-engineer the data generation process
« Assume that species are recorded as an assemblage



Occupancy models from presence-only data

Raw observations
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Derived dataset
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Zero = “failure to detect”
L = List Length = Survey Effort

Repeat surveys provide information
about detectability



Occupancy models for occurrence records

State Model
(species trend)

Observation
Model

___ Reverse-engineering the
data collection process
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Trend (90% CI)
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10% increasing
33% decreasing
57% no clear trend
Mean change:
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Powney et al (2019) Nature Communications 10: 1018




Trend (90% CI)

Andrena bicolor
43% decline
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Temporal patterns in occupancy
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Powney et al (2019) Nature Communications 10: 1018



Good news for farmers?
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Indicator of pollinating insects (2019)
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State of Nature 2016
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Figure 2
An index of species’ status based on abundance or cccupancy data
for 2,501 terrestrial and freshwater species. The shaded area shows
the 95% confidence intervals.
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1601 species from biological
recording: 2/3 of the total!

Eaton et al (2016) State of Nature 2016



New Indicators

“Develop national strategies, plans or
programmes for the conservation and
sustainable use of biological diversity;
Integrate [...] the conservation and
sustainable use of biological diversity
into relevant sectoral or cross-sectoral
plans, programmes and policies”

CBD
“...achieve by 2010

5 a significant reduction
e of the current rate of
= biodiversity loss”
4 COP6 UN decade of Biodiversity ~
2 (2011-2020): strategic plan, ’
g twenty biodiversity targets ~ ,”
across five strategic goals ,*
Aichi -
Observed trends Targets K
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Fig. 1| Biodiversity declines have continued despite repeated policy commitments aimed at slowing
or halting the rate of loss. The Strategic Plan for the Convention on Biological Diversity (2010-2020)
includes the 20 Aichi Targets to be achieved by 2020. Recent projections suggest that this is unlikely for
most of the targets'. Yet the 2050 vision requires a much more ambitious goal, which will necessitate
recovery of biodiversity and bending the curve by 2030. The black line indicates currently observed
trends (to 2015), dotted lines show extrapolations from current trends (black) and projections for
biodiversity after 2030 that are declining (red), stabilising (orange) or recovering (green).

Mace et al (2018) Nature Sustainability 1: 448-451
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Outhwaite, C.L. et a/
Annual estimates of occupancy for bryophytes, lichens and invertebrates in the UK
(1970-2015)

https:/dol.org/10.5285/0ecTe549-57d4-4e2d-b2d3-2199e 1578084 4 Cite this dataset

This dataset provides annual estimates of species occupancy and species trend estimates in the form of growth rates for 5,293 UK invertebrate, bryophyte and lichen species
for the period 1970 to 2015. Estimates are provided at the country level for England, Scotland, Wales and Northern Ireland as well as for the UK and Great Britain (GB) where
possible. These data were generated using observations of species collated by UK recording schemes and societies as the input data for a Bayesian oecupancy model. The

outputs resulting from this modelling framework are presented in three forms:

- 1000 samples from the modelled posterior distribution of the proportion of occupied sites for each species for each year and for each region analysed.
- Summary tables from the model outputs detailing mean occupancy and associated statistics including credible intervals and rhat measure of convergence.

- Derived species trend estimates in the form of annual percentage growth rates.

Annual estimates derived from fine-grained data (1x1km squares) have not been determined for this set of species before, making this a unique dataset that broadens

knowledge on UK biodiversity change.

Publication date: 2019-03-01

Where/When

Study area
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#ap contributors

Great ritain
Londo,

Paris

Temporal extent
1970-01-01 to 201512-31

Supplemental information

‘Other useful information regarding this dataset:

iRecord

Outhwaite, C. L, Chandler, R. E., Powney, G. D, Collen, B., Gregory, R. D., & Isaac, N. . B. (2018). Prior
specification in Bayesian occupancy modelling improves analysis of species occurrence data. Ecological
Indicators, 93, 333-343.

https://doi.org/10.1016/}.ecolind.2018.05.010

This dataset is available under the terms of the
Open Government Licence oGL

& Download the data

B Supporting documentation

Format of the dataset : Comma-separated values
(csv)

You must cite: Outhwaite, C.L; Powney, G.D.;
August, TA; Chandler, RE.; Rorke, S.; Pescott, 0.;
Harvey, M.; Roy, H.E.; Fox, R; Walker, K; Roy, D.B
Alexander, K.; Ball, 5.; Bantock, T.; Barber, T.;
Beckmann, B.C.; Cook, T.; Flanagan, J; Fowles, A.;
Hammond, P.; Harvey, P.; Hepper, D.; Hubble, D.
Kramer, | Lee, P.; MacAdam, C.; Morris, R.; Norris,
A; Palmer, S; Plant, C; Simkin, J; Stubbs, A;
Sutton, P Telfer, M.; Wallace, |; Isaac, NJ.B.
(2019). Annual estimates of occupancy for
bryophytes, lichens and invertebrates in the UK
(1970-2015) . NERC Environmental Information
Data Centre. https:/doi.org/10.5285/0ec7e549-
5704-4e20-b2d3-2199¢1578d84

BibTeX RIS

© Centre for Ecology & Hydrology (Natural
Environment Research Council)




Taxonomic Group

Recording Scheme

Additional data sources

Country
coverage

Year range of input
data

N species,
input

Number of
records

N species,
outputs

_ Bees, Wasps and Ants Recording Society
Aquatic Bugs Aquatic Heteroptera Recording Scheme *
Bees, Wasps and Ants Recording Society

Bryophytes British Bryological Society *
Riverfly Recording Schemes: Trichoptera *

Ground Beetle Recording Scheme *
Centipedes British Myriapod and Isopod Group, Centipede Recording
Scheme

Dipterists Forum, Cranefly Recording Scheme *

Dragonflies British Dragonfly Society, Dragonfly Recording Network *
Em ichopodid Flies Dipterists Forum, Empididae, Hybotidae & Dolichopodidae
Recording Scheme

Dipterists Forum, Fungus Gnat Recording Scheme
Gelechiid Recording Scheme

Dipterists Forum, Hoverfly Recording Scheme
Lacewings and Allies Recording Scheme *

Ladybirds UK Ladybird Survey *

Leaf and Seed Beetles Chrysomelidae Recording Scheme *

National Moth Recording Scheme *
Riverfly Recording Schemes: Ephemeroptera *

British Myriapod and Isopod Group, Millipede Recording
Scheme *

Non-marine Molluscs Conchological Society of Great Britain and Ireland *
Orthoptera Grasshoppers and Related Insects Recording Scheme *

Plant Bugs Terrestrial Heteroptera Recording Scheme - Plant bugs and
allied species *

Rove Beetles Staphylinidae Recording Scheme

Shield Bugs Terrestrial Heteroptera Recording Scheme - Shield bugs and
allied species *

Soldier Beetles Soldier Beetles, Jewel Beetles and Glow-worms Recording
Scheme *

Soldierflies and Allies Recording Scheme *
m British Arachnological Society, Spider Recording Scheme
Riverfly Recording Schemes: Plecoptera *
_ Bees, Wasps and Ants Recording Society
m Weevil and Bark Beetle Recording Scheme *

Scheme data only

Scheme, BRC and iRecord data
Scheme data only

Scheme and BRC data

Scheme and BRC data

Scheme data only

Scheme and BRC data

Scheme and BRC data

Scheme data only
Scheme data only

Scheme and BRC data

Scheme and BRC data

Scheme data only

Scheme, BRC and iRecord data
Scheme and BRC data

Scheme, BRC and iRecord data
Scheme data only

Scheme data only
Scheme and iRecord data
Scheme and BRC data

Scheme and BRC data
Scheme and BRC data
Scheme, BRC and iRecord data

Scheme and BRC data
Scheme, BRC and iRecord data

Scheme, BRC and iRecord data

Scheme data only

Scheme and BRC data

Scheme and iRecord data
Scheme data only

Scheme, BRC and iRecord data

GB
GB
UK
UK

GB
UK

UK

GB
GB

GB

UK
UK
GB
UK
UK

UK
GB

UK
UK
UK

UK
UK
UK

UK
UK

UK

UK
UK
GB
UK
UK

1970 - 2015
1970 - 2015
1970 - 2015
1970 - 2015

1970 - 2014
1970- 2014

1970 - 2015

1970 - 2015
1970 - 2015

1970 - 2015

1970 - 2011
1970- 2013
1970 - 2014
1970 - 2015
1970 - 2015

1970 - 2015
1970 - 2015

1970 - 2015
1970 - 2015
1970 - 2012

1970 - 2015
1970 - 2015
1970 - 2015

1980 - 2015
1970 - 2015

1970 - 2015

1970 - 2015
1970 - 2014
1970 - 2015
1970 - 2015
1970 - 2015

60
92
242
988

186
348

51

344
54

649

521
152
272
82
47

271
2,142

840
45
59

257
28
413

796
66

58

148
626
32
263
618

34,790
61,264
255,354
1,215,401

164,102
99,628

23,315

80,620
734,573

92,049

57,416
75,972
537,873
20,713
128,184

67,051
877,741

18,191,077
13,9930
29,118

154,108
65,269
129,594

27,757
27,011

21,943

48,301
441,767
56,613
100,474
159,541

202
569

123
189

22

157
41

228

157
86
219
30
37

145
700

714
35
28

129
24
222

79
39

31

83
402
25
167
330



Trends In major groups

150

Average Occupancy

|E| Freshwater, n = 318
|E| Insects, n = 3168
|E| Inverts, n = 538

1254 Bryophytes & lichens, n = 1269
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Outhwaite et al (in review)



Trends In flies
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Regional model outputs: moths

Arctia caja

Amphipyra tragopoginis
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« Adding record date

Extending the Methods paper

Improving the model: new simulations

BSBI recording pattern

Pulses
Annual Lists

Recorder memory

Misidentifications

Changes in phenology over time

Habitat effects (trashed sites don’t get revisited)



Updating the models

Raw Data

Cleaned Data

[ Detection Histories

( Model Outputs: Posterior
distribution of annual
\_occurrence

(1000 iteration sample of
posterior distribution of

( Annual growth rate of each
species and associated

Data Collation

Data Cleaning

Detection Histories

Occupancy Modelling

Posterior Sample

Species Trends

4[ Different Data Sources }7

!

‘ Scheme ‘ ‘ BRC ‘ [ iRecord ’

I | ' |

Contact scheme coordinator Extract taxa data from SQL Run iRecord specific
for updated data (if any) database cleaning script
) Plot record numbers (change : ( )
Import data to R through time - line - and record 3
number change - bar. ready to be merged with other data

sources, or have the final clean for

Data is now in a format where it is
model runs

T

1

Carry out scheme specific Deduce what taxa have
cleaning steps significant updates o
Are there other sources
of same taxa to be
= < = v = merged with?
Data is now in a format where it is ‘ BRC specific cleaning ‘ > —

ready to be merged with other data
sources, or have the final clean for
model runs

Are there other sources
of same taxa to be
merged with?

®

Final Clean

Run Models...



Workflows & auditing

Each year the data grows
and the model structure
becomes more refined.

Keeping track of model
outputs requires good
book-keeping!

D
Raw data P BRC Database

=

N

Non-BRC %hn_*i
data :

Data Repository

\J Analyse
. \//' g

/J Clean
' . Workflow

< - - -+ Metadata

Database

-

External . Oracle J Shared drives]

- .



Feedback to schemes: RShiny

c @ https://gpowney.shinyapps.io/bee_sdm_app/ b1 ¢ AT *8 W 0 P 0

Status and trend summary

Broad taxonomic group PLOT  TREND SDM

Figure 1: Annual occupancy estimates.

Bee -
BOMBUS pascuorum - n = 12304

1001

Species

BOMBUS pascucrum -~ ]

0754
BOMBUS hypnorum

BOMBUS jonellus >
BOMBUS lapidarius g 0504
BOMBUS magnus 8
BOMBUS muscorum
BOMBUS pascucrum
BOMBUS pratorum

025+

0004

1880 1990 2000 2010
Year

Rhat @ Good (<1.1)

Trend estimate (proportional change in occupancy)

TimePeriod Trend LowerCl UpperCl
Long-term (1980-2014) 0.84 0.54 1.27
Short-term (2009-2014) 0.03 -0.04 0.09

Long-term trend direction




eedback to schemes: RShiny

& > C () & ntps//colin-breshinyapps.io/basic_atias_ maps/ 3 E\‘D D0 0O

© Underground charg.. @8 in BB out

Apps Kestre! Drones Coding Personal Bio Recording Projects N Buffer @ kestrels W] Onefile (@ Whatsipp @ Altmetric it

Species Atlas Mapping

Choose CSV File Hedgehog
Erinaceus europaeus
Browse.. | mammal_atlas_mapping_data_v2 csv
g
Select Species ‘
Erinaceus europaeus -

Select category column

None v

Choose base map
® Coastline
Countries
Vice Counties




Feedback to schemes: RShiny

& C ()} @& ntps//colin-breshinyapps.io/ukbms-sites
Apps Kestre! Drones Coding Persanal Bio Recording Projects N Buffer (@ kestrels W] Onefile @@ WhatsApp @ Altmetricit! € Underground charg.. @8 in
Monitoring Scheme UKMS
The interactive map below shows the locations of sites across the UK that are, or have been, included in the United Kingdom Butterfly Monitoring Scheme ( UKBMS ) or Wider Countryside Butterfly Survey ( WCBS )
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Feedback to schemes: RShiny

& - C ()} @ nhttps//colin-breshinyappsio/ciplots

i Apps Kestre! Drones Coding Personal Bio Recording Projects

* HetR DO

¥ Buffer @ kestrels W] Onefile @ Whatsipp @ Altmetricit! € Underground charg.. @8 in @8 out »

ing

Scheme UK;%’S

Collated Index Plots

Select Species

Adonis Blue
Polyommatus bellargus

Adonis Blue >
2
# Show Trend Line L
Year range for trend 0
2
2 &1
- ~ o
g @
=
-
Trend Statistics =
No. Years: 42 '°_ 4
Intercept: -30.548
Coefficient: 0.016

1980 1890 2000 2010



Trading off Quality vs Quantity

Increasing information content

Replication
Formal protocol
Timed search
Complete list

Incidental record

Number of records

Isaac & Pocock (2015) Biol J Linn Soc 115:

522-531

In the absence of meta-data, we have
to assume all records are incidental

Can we do better than reverse-
engineering?

A little bit of meta-data would go a long
way



* We already do a lot with scheme data

« We'd like to work with a wider range of Diptera
* Both models and data can be improved
 What can BRC do to help schemes?
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Discussion points

 What Diptera groups and datasets should we be looking at?
* What scheme-specific biases should we model?

« What information can you provide (to increase model reliability)?

 What information should we make available?

Complete lists

Repeat visits (within and across years)
Time spent searching

Narratives about motivation

For the scheme
To feedback about model reliability



