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Ecological Applications.

Appendix S1



Table S1: Details of the data sets involved in the study

Orchard Sampling
number by locations Open Pollinators Supplementary Early Final Seed
Data set Country Year Varieties variety per orchard  pollination excluded pollination fruit set fruit set set Fruit quality Reference
Ande01 Argentina 2015 Red Delicious 8 10 yes yes yes yes yes yes sugar content Garratt et al. 2021
Bern01 Australia 2018 Pink Lady 5 4 yes yes yes yes no yes  none Garratt et al. 2021
Blitz01 USA 2013 Various 12 6 yes no yes no no yes width Blitzer et al. 2016
Bore01 Germany 2015 Braeburn, Topaz 30,3 8 yes yes yes yes yes no width Samnegérd et al. 2018
Bosc01 Spain 2015 Golden, Gala, Various 15,7,5 5 yes no no yes yes yes xﬁ::;twglr%r}: ;’:Slslgar Samnegérd et al. 2018
Bosc02 Spain 2015 Golden, Gala, various 15,7,5 3 yes yes yes yes no no none Samnegard et al. 2018
Camp01 UK 2013 Amanda, Gilly, Hastings 2,2,4 5 yes yes yes yes yes no width Campbell et al. 2017
width, weight, sugar
Garr01 UK 2011 Cox 8 10 yes yes yes yes yes yes content, firmness Garratt et al. 2013
width, weight, sugar
Garr02 UK 2012 Cox, Gala 3,3 30 yes yes yes yes yes yes content, firmness Garratt et al. 2014
width, weight, sugar
Garr03 UK 2013 Bramley, Braeburn 3,2 30 yes yes yes yes yes Yes  onten ¢, firmness Garratt ef al. 2016
width, weight, sugar
Garr04 UK 2017 Gala 23 3 yes yes yes yes yes Yes  nten ¢, firmness Garratt et al. 2021
Groo01 Netherlands 2013,2014 Elstar 15 3 yes yes yes no yes no width De Groot et al. 2015
Kirk01 Georgia 2014 S;)gioe:lsd;c;ic;felis];glzl;};ura, 1,2,5,1 1-9 yes no yes no no yes  weight Garratt et al. 2021
Kirk02 Georgia 2015 Kekhura 5 2-7 yes no yes no no yes weight Garratt et al. 2021
Kova01 Hungary 2012 Relinda 12 5-9 yes no no no yes no width, weight Foldesi et al. 2016
Mart01 Canada 2012 MclIntosh 20 4 yes no yes yes no yes none Garratt et al. 2021
Mina0Ol Spain 2015, 2016 Rego 25 3 yes no yes yes no yes none 12\/([)1;1; rro and Garcia,
Paxk01 Kyrgyzstan 2013 2};? :i’ Iliirll((ill’vlzgilz;kl 1,1,2,1,8 1 yes yes yes no yes yes  weight Garratt et al. 2021
Aport, Golden, Malba, 54111
Paxk02 Kyrgyzstan 2014 Renet zolotoi, Star . 1’ > 1 yes yes yes no yes yes  weight Garratt et al. 2021
crimson, Various
Paxk03 Kyrgyzstan 2015 Golden, Montuan, Various 3, 1,1 1 yes yes yes no yes yes  none Garratt et al. 2021
PaxNO1 }\r]:lr; Ezm 2010 Bramley 25 1 yes yes yes no yes no none Garratt et al. 2021
Pufa0l Germany 2014 Elstar, Various 1,25 3 yes no yes yes yes yes Z\ggzl;]twelght, SUSAT | Garratt et al. 2021
Radz01 Germany ;g}g 2014, I((};;(izn’GB;f;kOOp’ Elstar, 2,1,3,2,1 1 yes yes yes no yes yes weight Garratt et al. 2021
Samn01 Sweden 2015 ﬁ;‘i;:oizﬁézgla’ Ingrid- 1,22,4,1 3 yes yes yes yes yes yes  weight Samnegérd et al. 2019
Waleffe, Herut, Alkeme, .
Vere0l Belgium 2016 Etoilee, Braibant, Capucin, 3’13’12’13’21’ 1 yes no no no no yes g;g;}llé;:gar content, Garratt et al. 2021
Rub, Boskoop, Pendu >
2014, 2015, width, weight, sugar
Webb01 UK 2016 Gala 2 72 yes yes yes yes yes yes content, firmness Garratt et al. 2021
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Table S2. Linear mixed effect model estimates for the relationship between pollination deficits and pollination service. Orchard, apple variety, study and country were nested random effects

Value Std.Error DF t-value p-value
(Intercept) 0.1760803 0.10255146 124 1.716994 0.0885
Yield.service -0.2635696 0.07750209 124 -3.400806 0.0009

Table S3. Model estimates following post-hoc Tukey tests showing pairwise comparisons for early fruit set under supplementary and pollinator exclusion (closed) treatments for each variety

Variety Estimate Std. Error z value P value
AmandaSupplementary - AmandaClosed 0.506046 0.129803 3.899 0.0148 *
AromaSupplementary - AromaClosed 0.341779 0.050354 6.788 <0.01 ***
BraeburnSupplementary - BracburnClosed 0.346387 0.025098 13.801 <0.0] ***
BramleySupplementary - BramleyClosed 0.811475 0.044530 18.223 <0.01 ***
CoxSupplementary - CoxClosed 0.489573 0.039964 12.250 <0.01 ***
GalaSupplementary - GalaClosed 0.652716 0.023080 28.280 <0.0] ***
GillySupplementary - GillyClosed 0.849277 0.145124 5.852 <0.01 ***
GoldenSupplementary - GoldenClosed 1.019266 0.060553 16.833 <0.01 ***
HastingsSupplementary - HastingsClosed 0.731972 0.096749 7.566 <0.01***
Ingrid-MarieSupplementary - Ingrid-MarieClosed 0.015267 0.118493 0.129 1.0000
Pink ladySupplementary - Pink ladyClosed 0.697504 0.091784 7.599 <0.01 ***
RubinolaSupplementary - RubinolaClosed 0.803320 0.236986 3.390 0.0827.
TopazSupplementary - TopazClosed 0.670189 0.167575 3.999 0.0103 *
VariousSupplementary - VariousClosed 0.873552 0.089572 9.752 <0.01 ***

Table S4. Model estimates following post-hoc Tukey tests showing pairwise comparisons for seed number under supplementary and pollinator exclusion (closed) treatments for each variety

Variety Estimate | Std. Error z value P value
AromaSupplimentary - AromaClosed 0.997513 | 0.096384 10.349 <0.01 ***
BraeburnSupplimentary - BraeburnClosed 1.106226 | 0.097045 11.399 <0.0] ***
BramleySupplimentary - BramleyClosed 1.236899 | 0.095462 12.957 <0.01 ***
CoxSupplimentary - CoxClosed 1.101097 | 0.074586 14.763 <0.01 **x*
ElstarSupplimentary - ElstarClosed 1.994938 | 0.334705 5.960 <0.0] ***
GalaSupplimentary - GalaClosed 1.533900 | 0.045453 33.747 <0.01 **x*
GoldenSupplimentary - GoldenClosed 1.679308 | 0.358195 4.688 <0.01 **
IdaredSupplimentary - IdaredClosed 1.577909 | 0.409928 3.849 0.0351 *
RubinolaSupplimentary - RubinolaClosed 1.878280 | 0.374211 5.019 <0.0] ***
VariousSupplimentary - VariousClosed 2.137089 | 0.345263 6.190 <0.01 ***




Table S5. Model estimates following post-hoc Tukey tests showing pairwise comparisons for final fruit set under supplementary and pollinator exclusion (closed) treatments for each variety

Variety Estimate Std. Error | z value P value
AmandaSupplementary - AmandaClosed 0.417663 0.092346 | 4.523 <0.0] ***
AportSupplementary - AportClosed 0.255105 0.168601 | 1.513 0.9620
AromaSupplementary - AromaClosed 0.115282 0.037789 | 3.051 0.1181
BraeburnSupplementary - BracburnClosed 0.165052 0.018473 | 8.935 <0.0] ***
BramleySupplementary - BramleyClosed 0.430781 0.028609 | 15.058 <0.0] ***
CoxSupplementary - CoxClosed 0.443310 0.029870 | 14.841 <0.0] ***
GalaSupplementary - GalaClosed 0.412801 0.016848 | 24.501 <0.0] ***
GillySupplementary - GillyClosed 0.498743 0.103246 | 4.831 <0.0] ***
GoldenSupplementary - GoldenClosed 0.410022 0.097342 | 4.212 <0.01 **
HastingsSupplementary - HastingsClosed 0.460277 0.068831 | 6.687 <0.0] ***
IdaredSupplementary - IdaredClosed 0.314094 0.216937 | 1.448 0.9857
Ingrid-MarieSupplementary - Ingrid-MarieClosed -0.013683 0.088564 | -0.154 1.0000
RubinolaSupplementary - RubinolaClosed 0.342176 0.168601 | 2.030 0.7133
TopazSupplementary - TopazClosed 0.272353 0.084300 | 3.231 0.0566.
VariousSupplementary - VariousClosed 0.417278 0.085090 | 4.904 <0.01 **x*

Table S6. Model estimates following post-hoc Tukey tests showing pairwise comparisons for apple size under supplementary and pollinator exclusion (closed) treatments for each variety

Variety Estimate Std. Error | z value P value
AmandaSupplementary - AmandaClosed -0.84645 2.55949 -0.331 1.0000
BraeburnSupplementary - BracburnClosed 0.58378 0.50623 1.153 0.9988
BramleySupplementary - BramleyClosed -4.50183 1.29880 -3.466 0.0332 *
CoxSupplementary - CoxClosed -1.46521 0.99824 -1.468 0.9821
ElstarSupplementary - ElstarClosed 4.74193 1.42318 3.332 0.0508.
GalaSupplementary - GalaClosed 4.25862 0.60891 6.994 <0.0] ***
GillySupplementary - GillyClosed -2.56019 2.67882 -0.956 0.9999
HastingsSupplementary - HastingsClosed -2.37572 1.88619 -1.260 0.9966

Table S7. Model estimates following post-hoc Tukey tests showing pairwise comparisons for apple firmness under supplementary and pollinator exclusion (closed) treatments for each variety

Variety Estimate Std. Error | z value P value
BraeburnSupplementary - BraeburnClosed 0.18596 0.28940 0.643 0.99641
BramleySupplementary - BramleyClosed -0.47755 0.28797 -1.658 0.59712
CoxSupplementary - CoxClosed -0.40747 0.22193 -1.836 0.46688
GalaSupplementary - GalaClosed -0.83444 0.13588 -6.141 <0.01 ***

Table S8. Linear mixed effect model estimates for the effects of pollination treatment (Supplementary pollination vs pollinator exclusion) and variety, on apple brix content. Study, orchard, and sampling location were included as nested

random effects.

Variety Estimate Std.Error | t value
(Intercept) 10.95730 0.53631 20.431
Pollination_treatment 0.19035 0.06949 2.739
VarietyBramley 1.01954 0.69161 1.474
VarietyCox 0.27789 0.60064 | 0.463
VarietyGala 0.93579 0.55965 1.672
VarietyRed Delicious 0.36118 0.61541 0.587




Table S9. Linear mixed effects model estimates on the effects of variety, seed number and their interaction on apple size. Study, orchard and sampling location within orchard were included as random effects

Fixed effects: Estimate Std. Error t value
(Intercept) 38.266 39.454 1.031
log(Seed.set.mean + 1) 19.787 20.372 0.971
VarietyBoskoop 2.692 8.361 0.322
VarietyBracburn 27.099 38.767 0.699
VarietyBraibant 5.742 8.546 0.672
VarietyBramley 54.175 38.723 1.399
VarietyCapucin 16.000 9.575 1.671
VarietyCox 26.091 38.394 0.680
VarietyEtoilee 16.838 45.061 0.374
VarietyGala 19.891 38.326 0.519
VarietyGolden 31.667 38.461 0.823
VarietyHerut -42.817 106.207 -0.403
VarietyPendu -2.208 6.855 0.322
VarietyRub 12.592 8.361 1.506
VarietyVarious 14.784 38.400 0.385
VarietyWaleffe 2.840 45.061 2.840
log(Seed.set.mean + 1):VarietyBraeburn -18.887 20.386 -0.926
log(Seed.set.mean + 1):VarietyBramley -21.709 20.382 -1.065
log(Seed.set.mean + 1):VarietyCox -19.016 20.380 -0.933
log(Seed.set.mean + 1):VarietyEtoilee -14.514 24.576 -0.591
log(Seed.set.mean + 1):VarietyGala -17.443 20.374 -0.856
log(Seed.set.mean + 1):VarietyGolden -21.527 20.468 -1.052
log(Seed.set.mean + 1):VarietyHerut 30.813 57.520 0.536
log(Seed.set.mean + 1):VarietyVarious -15.648 20.402 -0.767
log(Seed.set.mean + 1):VarietyWaleffe 4.506 24.576 0.183

Table S10. Linear mixed effects model estimates on the effects of variety, fruit set and their interaction on apple size. Study, orchard and sampling location within orchard were included as random effects

Fixed effects: Estimate Std. Error t value
(Intercept) 0.5752918 0.8412594 0.684
Size.mean -0.0014826 | 0.0136203 -0.109
VarietyBraeburn -0.2990847 | 0.8511598 -0.351
VarietyBramley 0.3137912 0.8579999 0.366
VarietyCox 0.1353191 0.8526725 0.159
VarietyGala -0.2242362 | 0.8437470 -0.266
VarietyGilly 1.2912443 1.1421275 1.131
VarietyGolden -0.1073290 | 0.8841164 -0.121
VarietyHastings -0.2592735 0.8487684 -0.305
VarietyRelinda -0.4230880 | 0.8844664 -0.478
VarietyTopaz 1.6059183 1.4257591 1.126
VarietyVarious -0.2634814 | 0.8610821 -0.306
Size.mean:VarietyBraeburn 0.0016012 0.0136754 0.117
Size.mean:VarietyBramley -0.0043563 0.0136917 -0.318
Size.mean:VarietyCox -0.0035710 | 0.0137376 -0.260
Size.mean:VarietyGala 0.0024520 0.0136341 0.180
Size.mean:VarietyGilly -0.0214311 0.0184806 -1.160
Size.mean:VarietyGolden 0.0006588 0.0141214 0.047
Size.mean:VarietyHastings 0.0020943 0.0138863 0.151
Size.mean:VarietyRelinda 0.0053280 0.0142033 0.375
Size.mean:VarietyTopaz -0.0230160 | 0.0217729 -1.057
Size.mean:Variety Various 0.0036315 0.0138694 0.262




