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Background

Developing integrated models that use jointly PA and PO

data and overcome biases in PO data is an active area of (B) Model-based data integration
species distribution modeling. Ce
Observation o
model A JP ko
e Enable the correct use of the abundant and spatially v q e Data ;ourc;1
extensive opportunistic data ot Vi — observed locations
e Improves model estimation (accuracy and precision) ) 0 =
and predictive performance Inferred state Obsewa@\
e Inference on fine-scale intensity, at broad spatial mf"_'a > 5
extents

Data source 2
- observed site
abundance
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Retain the strengths of different data types
and correct as much as possible for their
weaknesses

Isaac et al. 2020. Trends Ecol Evol



Foundational work

One of the first Integrated SDM that jointly
models PA and PO data for multiple species.

- Species PA and PO data seen as
realizations of a Poisson Point Process:
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The model

Sthe point process that describes a random set of coordinates s
representing the position/point process of individuals of one species in

a two-dimensional domain @, for £=1,.., # species. The PA data model
for site i is

S, ~ IPP(\i(s;))
log(Ax(s;)) = ag + Bk X x;
And the thinning process is modeled as a log-linear model
log(Ax(s)bi(s)) = ar + Br X x(s) + 7 + d X z(s)
T ~ IPP(Xk(s) bi(s))

Where § is the proportional-bias effect which is constant across the M
species. The joint likelihood function is

Li(ak, Br, Wk, 0) = 55‘4(% Br) + ['50(041{, Bt Vv 0)

Use of background (quadrature) points

One of the first Integrated SDM that jointly
models PA and PO data for multiple species.

Species PA and PO data seen as
realizations of a Poisson Point Process:
link between locations of individuals and
abundance, occupancy, species
richness, ...

PA data is assumed to be unbiased by
design — used to estimate intensity
and correct the spatial bias in PO data;

Multi-species data can provide
relevant information ("borrow
strength”) to correct the spatial bias in
PO data.
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Only 13 matches in Google Scholar using the “multispeciesPP”
package (R)
Two evaluated the model through simulations:
- Fithian et al. (2014): simulations not well documented;
- Peel et al. (2019, MEE): simulations initialized with their own
data (mollusks, Antarctica).



Objectives & Methods

1 - Replication of simulation-based results
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Objectives & Methods

Simulation: Confidence Ellipses for

1 - Replication of simulation-based results
PA Only
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- Does including presence-only data improve model syt ) gg Or:jlyp(gdj)
. . A b B < Saihel o an
estimation? ) W\ @ i --— All Species
. . . . T = T \
- They compared coefficients g of species 1 using5 = 1 .
different models (legend of the figure)
- Key result: The all species’ ISDM produced
accurate and more precise coefficients than other T T T
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B1.1
i . . Ninety-five percent Wald confidence regions for 8, the species
Detective work distribution coefficients for species 1, obtained by using different
methods. The plot illustrates the precision and accuracy with which the
Rephatien { eoology S . T ] coefficients are estimated by each method. The black star denotes the
[-Re] Bias correction in species distribution models: true values of the parameters of interest.
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Results (simulations)

Six scenarios tested

Table 1: Summary of the simulation settings used across the exercises. PO average

and standard deviation SD are caleulated across the M species.

Exercise | nPA | nPO (unique cells) [ PO average = SD [range| | - ) D
| 500 81 (71) 3.85 £ 241 [1.8] -4 1 -0.3 | 1.000
11 500 592 (451) 28.19 £ 10.03 [10.45] -2 1-03 [ 1.000
Il 500 1632 (850) T7.41 £ 26.33 [36.121] -1 1-0.3 | 1000
AY 500 15596 (8519) T42.67 £ 273.39 [412,1409] | -1 | -0.3 | 10,000
\' 500 771 (733) 36.72 £ 17.01 [15.74] -4 | -0.3 | 10,000
VI 500 957 (8553) 431.29 = 339.31 [176.1711] | -4 | -0.3 | 50,000

Key results

ISDMs performed better than other models

e Multi-species ISDM = single-species ISDM

e Different results than Fithian et al. (2015), and original

parameter values not found
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Ninety-five percent Wald confidence regions for 8, the species
distribution coefficients for species 1, obtained by using different
methods. The plot illustrates the precision and accuracy with
which the coefficients are estimated by each method. The black
dot denotes the true values of the parameters of interest.




Objectives & Methods

2 - Application of the Fithian’s et al. ISDM to butterfly data in the
greater Bordeaux area

Compilation of butterfly records from 1998-2025 (n=30,647; 20.058
PO points, 10,589 records from protocoled samples) from different
projects (125) and data sets (301) in Bordeaux + 10 km buffer.

Cells of 100x100m. Environmental data from CESBIO, EUDEM,
ROUTE 500©.

Well-known area (projects), speciose butterfly community (61 spp
+ 30 records), ecological and bias gradients well covered.




Objectives & Methods

2 - Application of the Fithian’s et al. ISDM to butterfly data in the
greater Bordeaux area

e Compilation of butterfly records from 1998-2025 (n=30,647; 20.058
PO points, 10,589 records from protocoled samples) from different
projects (125) and data sets (301) in Bordeaux + 10 km buffer.

e Cells of 100x100m. Environmental data from CESBIO, EUDEM,
ROUTE 500¢e.

e Well-known area (projects), speciose butterfly community (61 spp
+ 30 records), ecological and bias gradients well covered.

Is there evidence in empirical data in favor of the multispecies ISDM
over other modeling options?

a) Are coefficients (grassland and urban cover effects) from the
all species ISDM more precise for low-intensity species?

b) Are confidence regions smaller for high-intensity species
(>e%)? For ‘oversampled’ species (>y,)? When PA and PO data
overlap largely? When the n. cells of PA data > n. PO points?

c) Is predictive performance improved?




Wald Confidence region area (In)

Results (application)

a) Are coefficients from the all species ISDM more precise for low-intensity species?

Boloria selene

Lasiommata megera

Colias crocea

T T
0.1 0.2 0.3
Species intensity e*

0.4

Model
=e= PA Only
== PA and PO

All species

For species with average
intensity < 0.1 (1 ind/10 ha)
there was almost no
difference between models

Beyond this intensity, the
all species ISDM was more
precise.




Results (application)

Confidence ellipses and intensity map of the mall pearl-bordered fritillary (Petit collier argenté)
Boloria selene
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Results (application)

Confidence ellipses and intensity map of the wall brown (La Mégére)

e  Low-density species Lasiommata megera

e  All species ISDM was better
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Results (application)

Confidence ellipses and intensity map of the clouded yellow (Le Souci)

High-density species
All species ISDM was
better
Thinning-model
intercept y=-10.11
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Results (application)

b) Smaller confidence regions for the all species ISDM? N ;
Linear regression to test the influence of data characteristics (2)
on 95% Wald confidence region area (Y) Fh !

Y = (Y0 +7ms) + (60 + Ons) Z + ¢ s T
1-Small difference in Wald CR between ISDMs %
2-Smaller 95% Wald CR (disregarding the ISDM) when: E ;

High overlap between PA and PO data 8 i e
Species have high intensity exp(a, ) Buas-tirning 1 —————
High number of presences relative to the number of -

PA sites (ratioPres) S| 4
Number of PA sites is larger than the number of PO Ry |
points (ratio) usrao I

3-Species-specific thinning intercept y, : weaker thinning — - } -
Cl area of the all species’ ISDM decregses : 3 :
P Coefficient estimate (z-score) and 95% ClI




Results (application) @

5x Cross Validation

. .. . ”
c) Is predictive performance improved? T Blocked CV: controlling for

Different CV techniques led to the same conclusion: similar predictive SRPGZG' °UT°°°"$'°|”°“
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performance across models; - Average(SE) of RMSE and AUC

across folds
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Take home message

In simulations, the all species’ ISDM did not perform better than Richness Map (S)
single species (PA-PO) ISDM. \ R
ISDMs were better than models of single data sets (as in
Dorazio (2014, GEB), Koshkina et al. (2017, MEE), Peel et al.
(2019, MEE))
In empirical analyses, for not so rare species, the all species’
ISDMs performed better than the other models to estimate
coefficients
o Improvements on predictive performance were minimal
(all spp vs. single spp).
o Is such a small difference enough to favor the all species
integrated model?
We expect to discuss the results in light of urban ecology
questions.




Work in more advanced stages
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Take home message

In simulations, the all species’ ISDM did not perform better than Richness Map (S)
single species (PA-PO) ISDM. \ R
ISDMs were better than models of single data sets (as in
Dorazio (2014, GEB), Koshkina et al. (2017, MEE), Peel et al.
(2019, MEE))
In empirical analyses, for not so rare species, the all species’
ISDMs performed better than the other models to estimate
coefficients
o Improvements on predictive performance were minimal
(all spp vs. single spp).
o Is such a small difference enough to favor the all species
integrated model?
We expect to discuss the results in light of urban ecology
questions.
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Number of 100x100m cells

Levels of sampling replication
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2500 +
0.02
b.o1
0+ 0.01
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Number of year x month combinations (survey replicates)

We don’t have enough
survey replication to
correct for imperfect
detection using
occupancy-like ISDMs
(e.g. Koshkina et al.
2017, Doser et al. 2022)
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Coverage of environmental and bias gradients
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Bias estimates

Relationship between estimated bias (x-axis) and 95%

Wald CI area
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Analysis of the difference of Cl between PA-PO and all species model

- The species-specific thinning intercept (y,) and overlap explain the

difference
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Low-intensity species for
which the all species ISDM
performed better than

Map of the bias Sther models

e The bias model has two components:
o The species-specific intercept (y,) not related to covariates
o The proportional-bias coefficient (0) constant across species, which depicts the

effect of the covariates on the spatial thinning.

y=-18.36 y=-11.87

Thymelicus lineola (Ochsenheimer, 1808) Maniola jurtina (Linnaeus, 1758)

Lower
" thinnin

oy

&

y=-7.54

Lasiommata megera (Linnaeus, 1767)
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Proportional-bias effect (0)
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Results (application)

Confidence ellipses and intensity map of the mall pearl-bordered fritillary (Petit collier argenté)
Boloria selene

Model — FOOny (Unad) ----

PAOnly ==- PAand PO - - Alspecies

Low-density species, no
difference between models
PO not reliable (not shown)
Species with low
thinning-model intercept
y=-13.31

A) All species' ISDM
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Results (application)

Confidence ellipses and intensity map of the Peacock butterfly (Paon-du-jour)

e  Low-density species

e  All species ISDM was
subtle better

e  Thinning-model
intercept y=-10.13

A) All species' ISDM
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Assessment over time

Data splitted in three periods.
Occupancy V) obtained from the estimated intensity using the cloglog link function, and

summed across species to obtain richness per cell and period
Results reflect the amount of data in each period

Species Richness Map
<2020

Lk W(sk)




Cross-validation

5x cross validation (blockCV R package)
Blocked
Folds based on lat-long coordinates of
PA cells
PO data and background data inside
the convex hull of test data were held
out

Random
Random sort of PA cells and PO
points in each fold (20% test, 80%
train)
PO data and background data inside
the test-data convex hull were held
out
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Use for
longer talks




Outline

- Context about PPM and ISDMs
- The model
- Objectives & Methods
- Results
- Simulations
- Application to butterflies
- Take home message




development in SDMs — foundation of integrated species
dpstr f odels (Warton & Shepherd 2010, Royle et al. 2012,
Yackulic et al. 2013, Renner et al. 2013, Fithian et al. 2014, 2015).

Presence-only data = point locations
Opportunity for modeling species distribution
Warning: Nonprobability samples

The PPP treats the number and location of discrete points
as random quantities governed by a Poisson distribution
and a continuous intensity field A:

S~ PPP (A)

A =2; Cell Area =1 A=2; CellArea=4
E(N)=2; E(z)=0.86 E(N)=8; E(z)=1

A =0.25; Cell Area =1 A =0.25; Cell Area =4
E(N) =0.25; E(z) =0.22 E(N) =1; E(z)=0.63

A =0.05; Cell Area =1 A =0.05; Cell Area=4
E(N)=0.05; E(z)=0.049 E(N)=0.2; E(z)=0.18
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