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Introduction

The scripts and anonymised data used in this study are available for download at:

Data and scripts for replicating study analyses
<https://zenodo.org/records/15497910?preview=1&token=eyJhbGciOiJIlUzUxMil9.eylp
ZC161iIZMmMjU1ZiNjLWU2M2EtNDE4NC1hYzgzLWQINDMwYzdjMDAXZClsImRhdGEiOnt9L
ClyYW5kb20iOil2NGNhMzc2NzE4ZWE5MDQ4ZWQzNTM4ZDQ3NmM4ZGIwNyJ9.hQD2K
LbfUSY hHQsfewuxizWI6nniMnct3pwk0OL2QBXjopQckDJRVnK6jcal48uyaMk4718p4zvES-
pUNYCJtQ>

Target-Group Background Generator 'tgbg' package:
<https://zenodo.org/records/15497383?preview=1&token=eyJhbGciOiJlUzUxMi)9.ey)p
ZCI6lmQzMjYWZ]RILWZMZjUtNDVmMMIi04MzAXLTM1Nzk3YmMESZmEyMSIsImRhdGEiOnt9
LCJyYWS5kb20i0ilxZmZjYjl2MDZIOTQzZTU40TAyZjEA0DQzN2FhZTgzMCJ9.120260yK5XkR
QmDrbO1NyJ06fVVpDK7jfmZe-5RcZSZaoKCcOJpEpINF-rOTtTfS601Mm2f-
YBWDh1c20F5usg>

The 'sdm' package (based on version 1.2-56; Naimi and Araujo, 2016) was modified to
enable sampling with replacement and to add Jaccard and Sorensen indices:
<https://zenodo.org/records/15497164?preview=1&token=eyJhbGciOiJIlUzUxMi)9.eyJp
ZCI6ImEzYzdINDcyLWNiYTgtNDJiMS1iNGZiLTQ4M2U4NzU5M]E4YSIsImRhdGEiOnt9LCIyY
W5kb20i0il10DEANDMwODY4YzEXOTIOYmVmOTkyYTQWNTQyM2M5MyJ9.Rhx9khm3g
mkSvAoG7igwsINdFnlZes7qSwGyegAghHW2qTy -
r81JYoiRGDNnQ89IDATLpkf7GXA26r5¢cVIGLYw>

All of the above-referenced data are originally maintained as separate GIT repositories, each
accompanied by a description in a readme.md file and, in the case of the packages, also by the
corresponding generated documentation (using 'roxygen2').
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61 Species data

62 Table S1. Basic characteristics regarding the number of presence-only (POD) and presence-
63  absence (PAD) datasets for 109 bird species of the Czech Republic used in this study.

Species Presences (POD) Presences (PAD) Absences (PAD) Prevalence (PAD) = Observers (POD)

spl02 624 10 144 0.06 512
spl6 95 10 144 0.06 100
sp37 182 10 144 0.06 116
sp79 261 11 143 0.07 153
sp98 507 11 143 0.07 364
sp85 200 12 142 0.08 106
sp96 510 12 142 0.08 405
spl01 904 13 141 0.08 544
spl3 181 13 141 0.08 113
sp54 421 13 141 0.08 326
sp44 383 14 140 0.09 212
sp86 144 14 140 0.09 101
sp99 232 14 140 0.09 193
sp47 290 15 139 0.10 244
sp5 560 15 139 0.10 378
spl8 509 16 138 0.10 345
sp30 681 16 138 0.10 396
sp100 500 17 137 0.11 330
sp45 612 17 137 0.11 399
sp73 709 17 137 0.11 447
sp26 520 18 136 0.12 298
sp22 496 19 135 0.12 298
sp35 306 19 135 0.12 299
spl0 465 21 133 0.14 270
sp76 1344 21 133 0.14 596
sp88 349 21 133 0.14 214
sp50 761 22 132 0.14 477
sp4l 649 23 131 0.15 352
sp20 433 25 129 0.16 279
sp40 347 25 129 0.16 153
sp24 456 26 128 0.17 282
sp29 348 26 128 0.17 119
sp46 471 27 127 0.18 373
sp64 805 27 127 0.18 308
sp95 576 28 126 0.18 329
sp61 433 30 124 0.19 230
sp27 215 31 123 0.20 119
sp75 707 31 123 0.20 269
sp34 530 32 122 0.21 204
sp60 473 36 118 0.23 230
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Presence-absence dataset (PAD)

AND TIME IN

OF SPACE
ECOLOGY

O
Leipzig
O
Presence-absence dataset (PAD) sites N
o 2 (T} "u" L 7'.':;;‘
Chemnitz ) ! J o \UKakonoski LT
a o J - Park Walbrzych "
- S B Narodowy o Spole Czest(]
o o @Usti Nad Bibere® . Opole
8 o5 ©labem = - OF T
o o J ) [ 1IF
o
o oo
) a5 Hradec o
f BuCarlsbad % ; oV o
: 9 % o ;3 Katowid
3 nunaErébmi’ o Pardubfre
. goherdg g & o <l P
o %o o Ostravap
Pilsen cc o o oo 5> A - a In
M iels
; @ “CZECHIA ok Bial
o % et o e st
o nﬂgu lihi g_ o o o .’DA R P A
a o oog, o Jinlava > o n:b i u."hk,-: F |
e o e o = Bfo nZ"n fysice  Ziling
o rpd: o
R b ; * i B g
egensburg 2 uBweis
RIAC : : ﬁll?hﬁ-‘l o ‘
R 2 N8 aa, ° " O Trenc Bansk
tadt 5 o " o o ) Trencin B;f-“j'l'{
=]
L ' ™ 4 | DOWE :
ey = Chka
g o il J T tinz Source: Esri, HERE, Garmin, FAO, NOAA, USGS, © OpenStreetMap Ic?'?ltr]ibutors i
g > o MIra Vrchy
3 St Polte : b
nich UPPES i oViennal Bratislava

Figure S1. The red squares show the distribution of the unbiased, independent presence-

absence dataset (PAD) in the study area of the Czech Republic.

Presence-only dataset (POD)

Table S2. Pearson's correlations between human population, observers, occurrences and

species counts. See Figure 2 in the main text.

human population observers occurrences species|

human population 1.00 0.48 0.14 0.14
observers 0.48 1.00 0.59 0.57
occurrences 0.14 0.59 1.00 0.74
species 0.14 0.57 0.74 1.00
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Cumulative observer contributions to POD
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Figure S2. Presence-only database (POD): Relationship between the number of observers and
number of observations. X-axis: observers sorted by the number of observations (left observers
with the most observations). Y-axis: Cumulative number of observations. The graph reveals that
the top 100 "most active" observers accounted for >60% of all the occurrences.
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Figure S3. Presence-only database (POD): Distribution of observers by number of species and
occurrences. Half of the observers (i.e., the median) contributed only minimally to POD, with no
more than two species and three occurrences.
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86 Spatial autocorrelation in environmental data

87  Table S3. Moran's | Autocorrelation Index (=Observed column) of PAD sites for each predicor
88  (=Layer column).

Layer Observed Expected SD P-value
ndvi_4 0.1270 -0.0065 0.0123 0.0000
ndvi_5 0.0748 -0.0065 0.0121 0.0000
evi_4 0.0936 -0.0065 0.0124 0.0000
evi_6 0.0671 -0.0065 0.0123 0.0000
bio03 0.2890 -0.0065 0.0124 0.0000
bio04 0.2124 -0.0065 0.0123 0.0000
biol3 0.3390 -0.0065 0.0123 0.0000
biol5 0.2674 -0.0065 0.0124 0.0000

89
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Figure S4. Overview of the final predictors used in the study.
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98

Background points simulation

Table S4. Conversion table of kernel bandwidths and pixel sizes for OW derived as multiples of
the default pixel size (Multiply=1). Kernel density (KD), observer weight (OW).
* The last row (1/60, ~ 50 m) specifies the pixel size for aggregating unique observer occurrences.

Multiply Width (deg) Height (deg) Width (km) Height (km) Used within
0.25 0.010 0.006 0.747 0.695 KD, OW
0.50 0.021 0.013 1.494 1.390 KD, OW
1.00 0.042 0.025 2.987 2.781 KD, OW
2.00 0.083 0.050 5.975 5.561 KD, OW
3.00 0.125 0.075 8.961 8.343 KD
4.00 0.167 0.100 11.949 11.123 KD, OW
8.00 0.333 0.200 23.899 22.246 ow

1/60* 0.001 0.000 0.050 0.046 -
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0.04

test - train (AUC)

0.1+

-0.24

PW-OOA random  STSP  TGOB+

100 Background simulation approach

101  Figure S5: Difference between test and train AUC of all Maxnet model versions including kernel
102  bandwidth change for TGOB+, PW-OOA and observers weights for PW-O0A.
103

0.15+4

0104

0.054

PW-OOA TGOB+
Background simulation approach

tuned - default (AUC)

0.004

104
105  Figure S6: Performance improvement gained by tuning the TGOB+ and PW-OOA approaches

106  compared to their baseline configurations. Baselines are: "traditional" TGOB (using a default bias
107  raster and nKD+cos Of 0.25) and default PW-OOA (using a default bias raster, nKDpw-ooa of 0.25,
108 and an OW pixel size of 1).

109

110 Table S5. The number of species (sum of species), ideal presence thinning distance (STSP version),
111  and kernel bandwidth (TGOB+, PW-OOA version) were selected based on the best prediction
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performance (AUC) using Maxnet. Thinning distances and kernel bandwidths were derived as
multiples of the unit square (Table S4, multiply column).

Approach Ideal presence thinning Number of species for
distance (STSP) or kernel which the parameter
bandwidth (TGOB+, PW- performed best
OO0A)

PW-O0A 0.25 21
PW-0O0A 0.50 18
PW-0O0A 1.00 27
PW-OO0A 2.00 10
PW-0O0A 3.00 11
PW-0O0A 4.00 21
STSP 1.00 56
STSP 2.00 19
STSP 3.00 33
TGOB+ 0.25 35
TGOB+ 0.50 5
TGOB+ 1.00 19
TGOB+ 2.00 11
TGOB+ 3.00 16
TGOB+ 4.00 22

Table S6. Counts of species (sum species) and ideal aggregate pixel size (multiples of the unit
square, see Table S4, column multiply) were selected by the best prediction performance (AUC)
using Maxnet for PW-OOA. The aggregate pixel size was used to calculate the relative number
of unique presences for each author per focus species. The relative number of unique presences
serves as a weight (multiple) for the "unit" KD estimate sampling effort of the observer, thus

accounting for the individual contribution of each observer to the models.
Ideal pixel size (PW-O0A) Number of species for
which the parameter
performed best

0.25 8
0.50 6
1.00 18
2.00 24
4.00 24
8.00 28

13



122

123

124

125
126
127
128
129
130
131
132

133

134
135

136
137

| ( : G RA P Y A JOURNAL OF SPACE
I | AND TIME IN ECOLOGY

Open Access

Results (part B)

GLM

AUC

Table S7. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using GLM in
terms of prediction performance (AUC) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (AUC)
of the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random |[STSP |TGOB |TGOB+ [PW-OOA
PW-OOA 91 88 87 76 0.710
TGOB+ 76 65 62| 0.688 22
TGOB 64 54| 0.672 0 14
STSP 54| 0.667 46 33 12
random 0.658 24 37 27 12
PW-D0A
0.275
0.250
o TGQOB+
O
O 0.225
0.200 STSP
ran
|
0.175
0.66 0.68 0.70 0.7,
AUC

Figure S7. The mean AUC (x-axis) and COR (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using GLM. The bars (around each model) represent standard
errors that reflect the variation among all species. Spatial thinning of species presences (STSP), Target

14
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138 Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
139 bandwidths) and presence-weighted observer-oriented approach (PW-OQA).
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Figure S8. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC improvement over the random method (AUC (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using GLM. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S9. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S10. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S8. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using GLM in
terms of prediction performance (COR) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (COR)
of the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random |[STSP |TGOB |TGOB+ [PW-OOA
PW-OO0A 102 96 97 89 0.292
TGOB+ 76 72 61 0.242 12
TGOB 64 59| 0.221 0 9
STSP 40| 0.198 42 29 5
random 0.188 25 41 27 3
PW-O0A
0.70
TGOB+
S
0.68
<C
0.66
0.20 0.24 0.28

Figure S11. The mean COR (x-axis) and AUC (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using GLM. The bars (around each model) represent standard
errors that reflect the variation among all species. Spatial thinning of species presences (STSP), Target
Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S12. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR improvement over the random method (COR (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using GLM. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S13. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S14. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S9. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using GLM in
terms of prediction performance (Jaccard) for the 108 species of interest. The values represent the
number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (Jaccard) of the respective method across all species. Spatial thinning of species presences
(STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel
smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

random |STSP |TGOB |TGOB+ |PW-OOA
PW-OO0A 86 83 79 65 0.403
TGOB+ 72 67 54 0.386 26
TGOB 59 54| 0.373 0 13
STSP 49| 0.367 42 24 11
random 0.359 17 39 23 10
0.275 PW-OO0A
0.250
nd TGQB+
Q0.225
O .
0.200
P
0.175 ‘
0.34 0.36 0.38 0.40 0.42
Jaccard

Figure S15. The mean Jaccard (x-axis) and COR (y-axis) of the five presence and/or background
simulation methods calculated from 108 bird species using GLM. The bars (around each model)
represent standard errors that reflect the variation among all species. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S16. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard improvement over the random method (Jaccard (diff) = difference between the
STSP, TGOB, TGOB+, or PW-OO0A versus the random method) using GLM. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S17. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S18. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S10. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using GLM in
terms of prediction performance (TSS) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (TSS) of
the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random |STSP |TGOB [TGOB+ [PW-OOA
PW-OOA 86 83 79 65 0.324
TGOB+ 72 67 54 0.289 26
TGOB 59 54| 0.258 0 13
STSP 49| 0.251 42 24 11
random 0.230 17 39 23 10
0.275 PW-OOA
0.250
14 TGQOB+
Q 0.225
O .
0.200
rango S P
0.175
0.25 0.30
TSS

Figure S19. The mean TSS (x-axis) and COR (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using GLM. The bars (around each model) represent standard
errors that reflect the variation among all species. Spatial thinning of species presences (STSP), Target
Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S20. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS improvement over the random method (TSS (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using GLM. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S21. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S22. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using GLM. Locally estimated scatterplot smoothing (LOESS) regression lines, a non-
parametric method that fits a smooth curve using locally weighted polynomial regression, are shown with
95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S11. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using Maxnet in
terms of prediction performance (AUC) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (AUC)
of the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random |[STSP |TGOB |TGOB+ [PW-OOA
PW-OOA 95 90 79 59 0.719
TGOB+ 84 76 54 0.703 25
TGOB 69 57| 0.686 0 15
STSP 49| 0.673 36 18 13
random 0.661 31 36 17 8
PW-O0A
0.30
TGOB+
'
OD.2?
o
STSP
0.24
rangom
0.21
0.65 0.67 0.69 0.71 0.7.
AUC

Figure S23. The mean AUC (x-axis) and COR (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using Maxnet. The bars (around each model) represent
standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S24. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC improvement over the random method (AUC (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Maxnet. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S25. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S26. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S12. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-0O0A) using Maxnet in
terms of prediction performance (COR) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (COR)
of the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random [STSP |TGOB |TGOB+ [PW-OOA
PW-OO0A 87 86 78 57 0.310
TGOB+ 84 80 52 0.290 31
TGOB 68 59| 0.267 0 19
STSP 46| 0.243 36 17 12
random 0.228 27 35 18 10
PW-DOA
0.71
TGOB+
S o069
<
STISP
0.67
rangom
0.65
0.21 0.24 027 0.0
COR

Figure S27. The mean COR (x-axis) and AUC (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using Maxnet. The bars (around each model) represent
standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S28. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR improvement over the random method (COR (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Maxnet. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).

36



394
395

396
397
398
399
400
401
402

403

‘ O ‘ RA P H Y A JOURNAL OF SPACE
AND TIME IN ECOLOGY

Open Access

0.50 o s .

0.00

0.25 0.50 0.75
species prevalence

m— PW_O0A TGOB === TGOB+ === rgndom === STSP

Figure S29. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S30. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S13. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using Maxnet in
terms of prediction performance (Jaccard) for the 108 species of interest. The values represent the
number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (Jaccard) of the respective method across all species. Spatial thinning of species presences
(STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel
smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

random |[STSP |TGOB |TGOB+ [PW-OOA
PW-OO0A 92 84 78 52 0.408
TGOB+ 87 68 51 0.395 25
TGOB 65 50| 0.380 0 12
STSP 44| 0.369 39 19 13
random 0.359 20 31 13 8
PW-OO0A
0.300
TGOB+
0.275
o
O
@)
0.250
. STSP
rangom
0.225

0.34 0.36 0.38 0.40 0.42
Jaccard

Figure S31. The mean Jaccard (x-axis) and COR (y-axis) of the five presence and/or background
simulation methods calculated from 108 bird species using Maxnet. The bars (around each model)
represent standard errors that reflect the variation among all species. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S32. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard improvement over the random method (Jaccard (diff) = difference between the
STSP, TGOB, TGOB+, or PW-OOA versus the random method) using Maxnet. Locally estimated
scatterplot smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using
locally weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).

40



442
443

444
445
446
447
448
449
450

451

< O ‘ RA P H Y A JOURNAL OF SPACE
AND TIME IN ECOLOGY

Open Access

e

0.6

0.4

Jaccard

0.2

0.25 0.50 075
species prevalence

== PW-OO0A TGOB === TGOB+ wme= random === STSP

Figure S33. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S34. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

42



461

462
463
464
465
466
467
468
469

470

471
472

473
474
475
476

477

ECOGRAPHY

A JOURNAL OF SPACIE
AND TIME IN ECOLOGY

Open Access

TSS

Table S14. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-O0A) using Maxnet in
terms of prediction performance (TSS) for the 108 species of interest. The values represent the number
of species for which the model in the row significantly outperformed the model in the column (Unpaired
Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the mean (TSS) of
the respective method across all species. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).

random [STSP |TGOB |TGOB+ [PW-OOA
PW-OOA 92 84 78 53 0.338
TGOB+ 86 68 51 0.311 25
TGOB 65 50/ 0.275 0 12
STSP 44| 0.259 39 19 13
random 0.236 20 31 13 8
PW-O0A
0.300
TGOB+
0.275
'
Q
o
0.250
STSP
rangom
0.225
0.24 0.28 0.32
TSS

Figure S35. The mean TSS (x-axis) and COR (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using Maxnet. The bars (around each model) represent
standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S36. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS improvement over the random method (TSS (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Maxnet. Locally estimated scatterplot
smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using locally
weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).

44



490
491

492
493
494
495
496
497
498

499

‘ O ‘ RA P H Y A JOURNAL OF SPACE
AND TIME IN ECOLOGY

Open Access

L]
06 . . . .

0.4

TSS

0.2

0.0

0.25 0.50 075
species prevalence

m PW_OOA TGOB === TGOB+ we= random === STSP

Figure S37. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a histogram
showing the count of species across 20 bins. Spatial thinning of species presences (STSP), Target Group
Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing bandwidths)
and presence-weighted observer-oriented approach (PW-OOA).
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Figure S38. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using Maxnet. Locally estimated scatterplot smoothing (LOESS) regression lines, a
non-parametric method that fits a smooth curve using locally weighted polynomial regression, are shown
with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Random Forest (default settings) failed to deliver a gradual improvement in average prediction
performance for the progressions: random to STSP, and TGOB+ to PW-OOA. This outcome contrasted
with the trends observed for MaxNet and GLM. Notably, STSP's performance was even lower than the
'baseline' random method, and PW-OOA's performance was lower than TGOB+.

AUC

Table S15. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-0O0A) using Random
forest in terms of prediction performance (AUC) for the 108 species of interest. The values represent the
number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (AUC) of the respective method across all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

random [STSP |TGOB |[TGOB+ |PW-OOA
PW-OO0A 72 84 40 25 0.684
TGOB+ 79 88 38 0.689 48
TGOB 68 78| 0.677 0 36
STSP 18| 0.640 17 10 10
random 0.646 56 25 14 10
0.27

PW-ER T

0.24
Y
@)
O 0.21
rangom
0.18 STSP
0.64 0.66 0.68 0.7

AUC

Figure S39. The mean AUC (x-axis) and COR (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using Random forest. The bars (around each model) represent
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standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OQOA).
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Figure S40. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC improvement over the random method (AUC (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Random forest. Locally estimated
scatterplot smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using
locally weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S41. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a
histogram showing the count of species across 20 bins. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOQOA).
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Figure S42. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as AUC using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of
species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

51



562

563
564
565
566
567
568
569
570

571

572
573

574
575
576
577

578

|(l]_»,“".‘"\},’u_[ OF SPACE

AND TIME IN ECOLOGHY

ECOGRAPHY

Open Access

COR

Table S16. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-0O0A) using Random
forest in terms of prediction performance (COR) for the 108 species of interest. The values represent the
number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (COR) of the respective method across all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OO0A).

random [STSP |TGOB |TGOB+ [PW-OOA
PW-OOA 73 87 50 33 0.257
TGOB+ 83 87 34 0.257 35
TGOB 68 76| 0.240 0 24
STSP 17| 0.183 19 12 9
random 0.197 59 23 16 14
TGQB+
PW-DOA
0.68
=
20,66
rangdom
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Figure S43. The mean COR (x-axis) and AUC (y-axis) of the five presence and/or background simulation
methods calculated from 108 bird species using Random forest. The bars (around each model) represent
standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S44. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR improvement over the random method (COR (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Random forest. Locally estimated
scatterplot smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using
locally weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S45. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a
histogram showing the count of species across 20 bins. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOQOA).
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Figure S46. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as COR using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of
species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S17. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-0O0A) using Random
forest in terms of prediction performance (Jaccard) for the 108 species of interest. The values represent
the number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (Jaccard) of the respective method across all species. Spatial thinning of species presences
(STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel
smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).

random |STSP |TGOB [TGOB+ [PW-OOA
PW-OO0A 73 80 47 24 0.377
TGOB+ 72 82 37 0.381 39
TGOB 59 73| 0.371 0 29
STSP 14| 0.343 21 10 8
random 0.348 44 22 14 11
0.24
(D:):
0.21
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Figure S47. The mean Jaccard (x-axis) and COR (y-axis) of the five presence and/or background
simulation methods calculated from 108 bird species using Random forest. The bars (around each model)
represent standard errors that reflect the variation among all species. Spatial thinning of species
presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure S48. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard improvement over the random method (Jaccard (diff) = difference between the
STSP, TGOB, TGOB+, or PW-OO0A versus the random method) using Random forest. Locally estimated
scatterplot smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using
locally weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S49. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a
histogram showing the count of species across 20 bins. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOQOA).
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Figure S50. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as Jaccard using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of
species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S18. Comparison of all five methods (random, STSP, TGOB, TGOB+, PW-0O0A) using Random
forest in terms of prediction performance (TSS) for the 108 species of interest. The values represent the
number of species for which the model in the row significantly outperformed the model in the column
(Unpaired Two-Samples Wilcoxon Test, p-value < 0.05). The bold numbers on the diagonal show the
mean (TSS) of the respective method across all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OO0A).

random |STSP |TGOB |TGOB+ |PW-OOA
PW-O0A 73] 80| 47 24|  0.276
TGOB+ 72| 82| 36/ 0.281 39
TGOB 59| 73| o0.258 0 29
STSP 14| 0.204] 21 11 8
random 0213 44| 22 14 11
TGOB+
0.24
%’
0.21
@)
rangom
0.18 STSP
0.21 0.24 0.27 0.3

Figure S51. The mean TSS (x-axis) and COR (y-axis) of the five presence and/or background simulation

methods calculated from 108 bird species using Random forest. The bars (around each model) represent
standard errors that reflect the variation among all species. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Figure §52. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS improvement over the random method (TSS (diff) = difference between the STSP,
TGOB, TGOB+, or PW-OO0A versus the random method) using Random forest. Locally estimated
scatterplot smoothing (LOESS) regression lines, a non-parametric method that fits a smooth curve using
locally weighted polynomial regression, are shown with 95% confidence bands. Compares all the LOESS
regression lines in one overlay, with a histogram showing the count of species across 20 bins. Spatial
thinning of species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned
up TGOB by adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach
(PW-OO0A).
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Figure S53. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in one overlay, with a
histogram showing the count of species across 20 bins. Spatial thinning of species presences (STSP),
Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by adjusting kernel smoothing
bandwidths) and presence-weighted observer-oriented approach (PW-OOQOA).
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Figure S54. Comparison of SDM prediction performance of 108 bird species differing in species
prevalence (the ratio of the number of pixel with species presence to the total number of 154 PAD pixels)
measured as TSS using Random forest. Locally estimated scatterplot smoothing (LOESS) regression
lines, a non-parametric method that fits a smooth curve using locally weighted polynomial regression, are
shown with 95% confidence bands. Compares all the LOESS regression lines in grid. Spatial thinning of
species presences (STSP), Target Group Occurrences Background (TGOB), TGOB+ (tuned up TGOB by
adjusting kernel smoothing bandwidths) and presence-weighted observer-oriented approach (PW-OOA).
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Table S19. Visual comparison of predicted habitat suitability maps generated by five different approaches

(random, STSP, TGOB, TGOB+ and PW-OOQA) using Maxnet. The best-performing model for each
approach was selected based on evaluation against the independent dataset (PAD).
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sp40 | random

AUC: 0594 | prevalence: 0.47

sp41 | random

AUC: 0.591 | prevalence:

sp42 | random

AUC: 0.436 | prevalence: 0.49

sp43 | random

AUC: 0.558 | prevalence: 0.52

sp44 | random

AUC: 0.784 | prevalence: 0.33

sp45 | random

AUC: 0.712 | prevalence: 0.3
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sp5 | random

AUC: 0821 | prevalence: 0.30

sp50 | random

AUC: 0.775 | prevalence:

sp51 | random

AUC: 0.521 | prevalence: 0.50

sp52 | random

PRI

AUC: 0.719 | prevalence: 0.5

sp53 | random
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AUC: 0.598 | prevalence: 0.54

sp54 | random
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AUC: 0.802 | prevalence: 0.3
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AUC: 0.813 | prevalence: 0.33
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PRI
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AUC: 0.734 | prevalence: 0.56

sp59 | random

AUC: 0.609 | prevalence: 0.52

spé | random

AUC: 0.515 | prevalence: 0.50

sp60 | random

AUC: 0.637 | prevalence: 0.46

sp61 | random

AUC: 0.646 | prevalence: 0.44

sp62 | random

AUC: 0550 | prevalence: 0.54
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AUC: 0.530 | prevalence: 0.50
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AUC: 0.639 | prevalence: 0.46
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AUC: 0617 | prevalence: 0.54
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AUC: 0.775 | prevalence: 0.56
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AUC: 0.550 | prevalence: 0.50
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AUC: 0.610 | prevalence: 0.46
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sp58 | PW-O0A

AUC: 0812 | prevalence: 0.56

sp59 | PW-00A

AUC: 0.659 | prevalence: 0.52
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AUC: 0.593 | prevalence: 0.50
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AUC: 0.663 | prevalence: 0.46
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AUC: 0.659 | prevalence: 0.44
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AUC: 0643 | prevalence: 0.54
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AUC: 0671 | prevalence:

spé4 | PW-O0A
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random

sp66 | random

AUC: 0516 | prevalence: 0.49

sp67 | random

AUC: 0.547 | prevalence: 0.5

sp68 | random

AUC: 0.681 | prevalence: 0.52

sp69 | random

AUC: 0.684 | prevalence: 0.54

sp7 | random

AUC: 0.518 | prevalence: 0.50

sp70 | random

AUC: 0520 | prevalence: 0.5

sp71 | random

AUC: 0,633 | prevalence: 0.5

sp72 | random

AUC: 0.782 | prevalence: 0.4
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spé6 | STSP

AUC: 0.576 | prevalence: 0.49
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AUC: 0.671 | prevalence: 0.52

sp69 | STSP

AUC: 0.656 | prevalence: 0.54

sp7 | STSP
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AUC: 0.557 | prevalence: 0.50

sp70 | STSP

AUC: 0539 | prevalence: 0.5
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AUC: 0,637 | prevalence: 0.5
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AUC: 0.771 | prevalence: 0.4:
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AUC: 0,608 | prevalence: 0.49
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AUC: 0.616 | prevalence: 0.5
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AUC: 0.732 | prevalence: 0.52
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PRI

AUC: 0.729 | prevalence: 0.54
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PR

AUC: 0.624 | prevalence: 0.50
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IR

AUC: 0.636 | prevalence: 0.5
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spé6 | PW-O0A

AUC: 0643 | prevalence: 0.49

spé7 | PW-O0A

AUC: 0.608 | prevalence: 0.5

spé8 | PW-O0A

AUC: 0.739 | prevalence: 0.52

spé9 | PW-O0A

PRI

AUC: 0.753 | prevalence: 0.54

sp7 | PW-00A

PR

AUC: 0.617 | prevalence: 0.50

Sp70 | PW-00A

IR

AUC: 0.628 | prevalence: 0.5
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random

sp74 | random

AUC: 0510 | prevalence: 0.50

sp75 | random

AUC: 0.760 | prevalence: 0.3

sp76 | random

AUC: 0.814 | prevalence: 0.33

sp77 | random

PRI

AUC: 0.827 | prevalence: 0.5:

sp78 | random
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AUC: 0.554 | prevalence: 0.51

sp79 | random

AUC: 0.606 | prevalence: 0.46

sp8 | random
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sp80 | random

AUC: 0548 | prevalence: 0.5

sp81 | random

AUC: 0,600 | prevalence: 0.47
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sp74 | STSP

AUC: 0518 | prevalence: 0.50

sp75 | STSP

AUC: 0.768 | prevalence: 0.3

sp76 | STSP

AUC: 0.822 | prevalence: 0.33

sp77 | STSP

PRI

AUC: 0.826 | prevalence: 0.5:

sp78 | STSP

PR

AUC: 0.578 | prevalence: 0.51

sp79 | STSP
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AUC: 0661 | prevalence: 0.46
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IR

AUC: 0622 | prevalence: 0.5
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AUC: 0.588 | prevalence: 0.47
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AUC: 0.495 | prevalence: 0.50

sp75 | TGOB

AUC: 0.771 | prevalence: 0.3

sp76 | TGOB
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EERE )
AUC: 0.847 | prevalence: 0.53
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AUC: 0652 | prevalence: 0.47
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AUC: 0.496 | prevalence: 0.50
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AUC: 0.773 | prevalence: 0.3
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AUC: 0.854 | prevalence: 0.33
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AUC: 0.849 | prevalence: 0.5:

sp78 | TGOB+

PR

AUC: 0.715 | prevalence: 0.51
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AUC: 0.711 | prevalence: 0.46
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AUC: 0,680 | prevalence: 0.5
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AUC: 0,576 | prevalence: 0.5
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sp75 | PW-00A

AUC: 0.753 | prevalence: 0.3
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AUC: 0.869 | prevalence: 0.5:

Sp78 | PW-00A

AUC: 0.697 | prevalence: 0.51
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AUC: 0.684 | prevalence: 0.46
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AUC: 0,662 | prevalence: 0.5
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AUC: 0,603 | prevalence: 0.5
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AUC: 0,646 | prevalence: 0.47
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sp82 | random

AUC: 0.747 | prevalence: 0.47

sp83 | random

AUC: 0.630 | prevalence: 0.4:

sp84 | random

AUC: 0.703 | prevalence: 0.51

sp85 | random

IR

AUC: 0.603 | prevalence: 0.46

sp86 | random

PR )

AUC: 0.605 | prevalence: 0.43

sp87 | random

PRI

AUC: 0.585 | prevalence: 0.5:

sp88 | random

IR

AUC: 0.742 | prevalence: 0.
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AUC: 0647 | prevalence: 0.6

sp9 | random

AUC: 0.761 | prevalence: 0.45
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AUC: 0.736 | prevalence: 0.47

sp83 | STSP

AUC: 0.627 | prevalence: 0.4:

sp84 | STSP

AUC: 0.693 | prevalence: 0.51

sp85 | STSP

IR

AUC: 0.657 | prevalence: 0.46
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AUC: 0.617 | prevalence: 0.43
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PRI

AUC: 0.594 | prevalence: 0.5:
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IR

AUC: 0.726 | prevalence: 0.

N
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AUC: 0632 | prevalence: 0.6
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TGOB

sp82 | TGOB

AUC: 0.794 | prevalence: 0.47

sp83 | TGOB

AUC: 0.612 | prevalence: 0.4:

sp84 | TGOB

AUC: 0.752 | prevalence: 0.51

sp85 | TGOB

IR

AUC: 0.660 | prevalence: 0.46

sp86 | TGOB

PR

AUC: 0.591 | prevalence: 0.43

sp87 | TGOB

AUC: 0571 | prevalence: 0.5:

sp88 | TGOB

AUC: 0.751 | prevalence: 0.

N

sp89 | TGOB

AUC: 0.737 | prevalence: 0.6

sp9 | TGOB

AUC: 0.757 | prevalence: 0.45
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sp82 | TGOB+

AUC: 0.794 | prevalence: 0.47

sp83 | TGOB+

AUC: 0.652 | prevalence: 0.4:

sp84 | TGOB+

AUC: 0.756 | prevalence: 0.51

sp85 | TGOB+

IR

AUC: 0.660 | prevalence: 0.46

sp86 | TGOB+

PR

AUC: 0.650 | prevalence: 0.43

sp87 | TGOB+

AUC: 0596 | prevalence: 0.5:

sp88 | TGOB+

AUC: 0.777 | prevalence: 0.

N

sp89 | TGOB+

AUC: 0.777 | prevalence: 0.6

sp9 | TGOB+

AUC: 0.764 | prevalence: 0.45

A JOURNAL OF SPACE
AND TIME IN ECOLOGY

080
om0
060
050
040

020

2

o s @ 505 5 w s @ 505 5 w0 w5 0 505 5 o w5 5 s 5 o w5 s s g w5 s w5 g 6 w95 @ w05 g

w5 @ s

PW-O0A

sp82 | PW-O0A

AUC: 0.778 | prevalence: 0.47

sp83 | PW-00A

AUC: 0.638 | prevalence: 0.4:

sp84 | PW-00A

AUC: 0.742 | prevalence: 0.51

sp85 | PW-O0A

AUC: 0.627 | prevalence: 0.46

$p86 | PW-00A

AUC: 0.676 | prevalence: 0.43

$p87 | PW-00A

AUC: 0.697 | prevalence: 0.5:

sp88 | PW-O0A

AUC: 0.786 | prevalence: 0.

N
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AUC: 0.787 | prevalence: 0.6
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AUC: 0.781 | prevalence: 0.45
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random

sp90 | random

AUC: 0650 | prevalence: 0.48

sp91 | random

AUC: 0.616 | prevalence: 0.5

sp92 | random

AUC: 0.617 | prevalence: 0.50

sp93 | random

AUC: 0.762 | prevalence: 0.5

sp94 | random

AUC: 0.524 | prevalence: 0.51

sp95 | random

AUC: 0655 | prevalence: 0.44

sp96 | random

AUC: 0.738 | prevalence:

sp97 | random

AUC: 0,692 | prevalence: 0.6

sp98 | random

AUC: 0.740 | prevalence: 0.33
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sp90 | STSP

AUC: 0679 | prevalence: 0.48

sp91 | STSP

AUC: 0.701 | prevalence: 0.58
sp92 | STSP
g

AUC: 0.594 | prevalence: 0.50

sp93 | STSP
EERE )
AUC: 0.752 | prevalence: 0.57
sp94 | STSP
;

AUC: 0.656 | prevalence: 0.51

$p95 | STSP

AUC: 0.635 | prevalence: 0.44

sp96 | STSP

IR

AUC: 0.728 | prevalence: 0.36

sp97 | STSP

B ot o1

AUC: 0,688 | prevalence: 0.6

sp98 | STSP

AUC: 0.720 | prevalence: 0.33
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TGOB

sp90 | TGOB

AUC: 0690 | prevalence: 0.48

sp91| TGOB

AUC: 0.701 | prevalence: 0.5

sp92 | TGOB

AUC: 0.702 | prevalence: 0.50

sp93 | TGOB

EERIE )
AUC: 0.836 | prevalence: 0.57

sp94 | TGOB

AUC: 0.689 | prevalence: 0.51

sp95 | TGOB

AUC: 0.669 | prevalence: 0.44

sp96 | TGOB

IR

AUC: 0.730 | prevalence: 0.36

sp97 | TGOB

AUC: 0.744 | prevalence: 0.6

sp98 | TGOB

AUC: 0.710 | prevalence: 0.33
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sp90 | TGOB+

AUC: 0698 | prevalence: 0.48

sp91 | TGOB+

AUC: 0.701 | prevalence: 0.5

sp92 | TGOB+

AUC: 0.702 | prevalence: 0.50

sp93 | TGOB+

AUC: 0.840 | prevalence: 0.5

sp94 | TGOB+

AUC: 0.689 | prevalence: 0.51

$p95 | TGOB+

AUC: 0.713 | prevalence: 0.44

$p96 | TGOB+

AUC: 0.730 | prevalence: 0.36

sp97 | TGOB+

AUC: 0.761 | prevalence: 0.6

sp98 | TGOB+

AUC: 0.763 | prevalence: 0.33
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sp90 | PW-O0A

AUC: 0.722 | prevalence: 0.48
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AUC: 0.767 | prevalence: 0.5

sp92 | PW-00A

AUC: 0.727 | prevalence: 0.50

sp93 | PW-00A

AUC: 0.855 | prevalence: 0.5

$p94 | PW-00A

AUC: 0.809 | prevalence: 0.51

$p95 | PW-00A

AUC: 0.713 | prevalence: 0.44

sp96 | PW-O0A

AUC: 0.778 | prevalence:

sp97 | PW-O0A

AUC: 0.757 | prevalence: 0.6

sp98 | PW-O0A

AUC: 0.789 | prevalence: 0.33
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