Rubber agroforestry in Thailand provides some biodiversity benefits without
reducing yields
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Figure S3

Monthly rainfall (sum of daily records) and maximum daily temperatures recorded at Hat Yai airport,
Songkhla province, Thailand.

Figure S4
Correlation matrix of habgit structural variables across all plots using Pearson correlation, showing
a) all variables and b) selectedmmarisedrariables

Figure S5
Validation of pointbased lanelise quantification

Figure S6
Rubber stem density iniodiversity and yield datasets.

Figure S7
Comparison of a) agrodiversity, b) fruit tree stem density and c) timber tree stem density of AF plots
between yield and biodiversity datasets.

Figure S8
Variation in species richness among distrietsalysed to decide whether to include distras a
random effects in models of species richness response.

Figure S9
Influence of rainfall on butterfly species richneasalysed to decide whether to include rainfall as a
random effects in models of species richness response.

Figure S10
Influenceof sampling trapdays on butterfly species richnesmalysed to decide whether to include
trap-days as a random effects in models of species richness response.

Figure S11
Comparison of rubber yields in AF and MO plots within soil types



Figure S12
Habitatstructure measures of rubber agroforests (AF) and monocultures {M@Jdiversity

dataset plots.

Figure S3
Sampling completeness of biodiversity surveys.

Figure S14
Comparison of detections of birds, reptiles and butterflies in agroforests and monoesiltu

Figure S&
Correlation between proportion of natural forest in block and density of-ndiber trees in rubber

plots

Figure S&
RDA of butterfly species composition response within AF plet$ &d MO plots (d) to investigate
interaction between pot type and AF:MO ratio in blocks.

Table &:
Soil types of plots in the yield and biodiversity datasets

TableX2:
List of nonrubber plant species identified in rubber agroforests

TableS3:
Species abundances of birds, reptiles and butterflies in AMENAUCN status and habitat

specialisation.

TableSt:
Partial Redundancy Analysis (pRDA) assessing species composition response to plot type, after

partialling out the effect of blogkexcluding rare species

TableSb:
Results of Redundancy Analysis ARBf species composition response to the best model of plot

type, habitat structure variables and land use composition variables, excluding rare species.



Figure S1
Rubber plantation area globally, and in Southeast Asia, 1980 to 2016.
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Figurex2:

Map of study region showirlgcation of farms in the yield dataset within PHatung province, and
sampling blocks in the biodiversity datasetfhathalung and Songkhla provinces. Letters A
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FigureS3:
Monthly rainfall (sum of daily records) and maximum daily temperatures recorded at Hat Yai airport,
Songkhla province, Thailand.

Data obtained from the Global Historical Climatology Network database via Climate Data Online
(NOAA 2017)Diamonds show 2016 data (the year data for this study was collected; no data
available for March), filled points show mean for each month across @016 inclusive, and

range lines show minimum and maximum value facte month across 20072016.Unusually low
rainfall and high temperaturewere linked toa strongEl NifieSouthern Oscillation everiLimsakul
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FigureS4
Correlation matrix of) all possible rubber plot management/vegetation structuagiables across
all plots using Pearson cofation, showing and b) selecteadimmarisedsariables

Field measurements of rubber plot management and vegetation structure were made as follows:
stem density andDBH of treesx p  diaNieter at breast heighfBH categorised as rubber, fruit,
timber, palm omwild trees) was measureith two 10 m radius subplotsO m apart, following Barlow
et al(2007) Small & S Y & higho d¥i crakDBpl were countedithin two 5 m radius subplots.
Data from subplots were pooled to calculate stem and basal area density of eacbmiletstorey
densityindex(0 ¢ 25)was measured by counting how mah§ cm sectionsfoa 2.5 mpole were
visiblefrom each subplot centre, wheplaced15 maway in each of théour cardinaldirections

giving eight points per plgBarlow et & 2007) Maximum height (10 cm resolution) and pentage
cover (estimated visualpf herbaceous vegetation ihm x 1 m quadratsand percentage canopy
cover(measured using spherical densitometer) were recorded at each of the eight points by one
observer (E.\AT). A mean of the eight measurements was then calculated per plot.
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which collinearity severely distorts model estimati@ormann et al. 2013Were considered for

exclusion from further modelling of biodiversity response. Basal area of each tree type was
correlated with its respective stem density, so basal area was excluded from further modelling; stem
density is more informative for managememicommendations, as basal area will simply increase

with time once planting density has been established. Stem density of palms, fruit trees, timber

trees and native trees were then combined into a single variable:rnbher tree stem density (ha

1). Frui tree stem density was also included as a separate variable, as the food resource provided by
fruit trees may have unique effects compared to other tree types; this did not correlate strongly with
the stem density of all nornubber trees (Pearson correlan: 0.33). The pooled number of

agroforestry species was included, as this was correlated with the number of specific agroforestry
species types. Understory density showed moderate correlation with small stem density (Pearson
correlation 0.58) and herb light (Pearson correlation 0.55), so was omitted, and small stem density
retained. Herb cover and herb height were strongly correlated (Pearson correlation 0.68), so herb
cover was omitted from analysis.
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Figure S5:
Validation of pointbased lanelise quantification

To test the validity of the 3@oint landuse classification methodyeabased measures of landscape
compositionwere extracted by manually mapping management units using-hégolution Google
Earth imagery for a subset of ten blockéis manual mapping was informed &y available GPS
points for each blockmean 13% 43 SD per block). The proportion of each block within each land
use, as measured using the two methods, was compared per block using a Pearson correlation.

Agroforestry rubber

Monoculture rubber

Natural forest

g g g
£ n=10blocks £ n=10blocks £ n = 10 blocks
x o « X .« X .
g oo 3 2o S § P
o _ o _ <t .
v @ w ©06 . w @ 0.15
o3 04 o3 - o V. -
cc . c C . cC
S22 . S T04 . G @010
5 02 £E . gE .
25 LA g502 . g 5005 .
=] «* =R~ . Sg -
oo oo o @ 000
8 02 0.4 06 e 00 02 04 06 08 @ 000 005 010 015 020 02!
a Proportion of block a Proportion of block a Proportion of block
(based on points) (based on points) (based on points)
Pearson correlation: r = 0.97 Pearson correlation: r=0.95 Pearson correlation: r=0.92
95% C10.86-0.99 95% C10.79-0.989 95% C10.7-0.98
t=10.49 t=8.48 t1=6.85
p= 59e-06 p= 29e-05 p= 0.00013
5  |mmature plantations 5  Fruitorchard &  Homegarden
€ n=10blocks £ n=10blocks £ n=10blocks
2 O . ~a « XO . e .
23 © ©0.15 © ©0.05
=2 E S F QF
o _ o _ £ _ 004
w=m 02 a w= @ - G
C 3 5 S0.10 55
5 c S . c £003 . .
Sz .. G T ST
EEDW £ Eoos £ E002
25 . . . 25 . 2 5001
@ gootse SBo00lem S Toonls e
® 000 0.05 0.10 0.15 ] 0.00 0.05 0.10 0.15 7] 000 001 002 003 004 005
= Proportion of block a Proportion of block 2 Proportion of block
(based on points) (based on points) (based on points)
Pearson correlation: r = 0.86 Pearson correlation: r=1 Pearson correlation: r = 0.82
95% Cl 0-5: -g-g: 95% C10.99- 1 95%C10.39-0.96
=4 t=57.07 t=4.05
p= 00013 p= 99e-12 p= 00037
~ Coconut ~ Qil palm 5 Bare ground
c = c - e _
.5 n = 10 blocks - n = 10 blocks .5 n = 10 blocks
ER . o @© 0.05 * oam .
o o S Eg15
8 5002 85004 o
o3 o3 003 o3
55 55 55°°
o o
-g £001 -g £002 -g E oo
(=% E Q. 8 0.01 Q S - . »
25 0001s 2og00le 2og00Le
[ o oY o oY
8 0.00 001 0.02 003 004 005 k4 0.00 0.02 0.04 0.06 k4 0.00 0.05 0.10
< Proportion of block = Proportion of block =2 Proportion of block
(based on points) (based on points) (based on paints)
Pearson correlation: r=1 Pearson correlation: r=1 Pearson correlation: r=0.9
95% CI1-1 95%Cl1-1 95% C10.62-0.98
t=Inf t=Inf t=58
p=0 p=0 p= 000041
5  Scrub 5 Urban area
< -
£ n = 10 blocks £ n = 10 blocks
> O a ~ O
S 020 S ©0.100 M
SE * SE
Sgois 2 50075
o 2 . . 53
§ Koo . . 5 &ooso .
£ E £ E
S £ 005 S c 0025
25 . . Qg
g gooolee £gooootm o o e
® 000 003 006 009 @ 000 001 002 003 004 0.0
= Proportion of block = Proportion of block

(based on points)

Pearson correlation: r=0.79
95% C10.33-095

t=369

p= 0.0061

(based on points)

Pearson correlation: r=0.77
95% C10.27-0.94

t=341

p= 0.0093



FigureSe
Rubber stem density in biodiversity and yield datasets
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FigureS7
Comparison of a) agrodiversity, b) fruit tree stem density and c) timber tree stem density of
agroforestryplots between yield and biodiversity datasets.
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between the yield and biodiversity datasets, is shown on each panel. All variables were-smpiare
transformed before analysis. Boxplot format as for Fidgbfe
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FigureS8
Variation in species richness among diss, analysed to decide whether to include district as a
random effects in models of species richness response.

tlySfa akKz2g aALISOASAE NAOKySaa LISNILX20G 2F 0
CeneralisedinearModel (Poisson distribution, log link function) comparing species richness
response to distrigtrelative to a null modelon each pnel A frequentist approach was then used to
ARSYGATe alGliAaGgAOrtte aAIYAFAOLIYG LI ANBAA
NELINSaSyiSR oé& tSGGSNER 020S o02E floStax
Boxplots show radian (central line), upper and lower quartiles (box bounds) and 1.5xduizrtile
range (whiskers). District had an effect on species richness of butterflies, but no effect on birds or
reptiles.
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FigureSQ
Influence of rainfall on butterfly speas richnessanalysed to decide whether to include rainfall as a
random effect in models of species richness response.

Panels show species richness of a) all plots, b) AF plotsartd c)IMf 2 1 a3 aK2¢gAy3d (GKS K
CeneralisedinearModel (Poisson distribution, log link function) of the response to rajnilttive

to a null modelpn each panel. A frequentist approach was then used to identify statistically

significant pairwise # F FSNBy 0Sa oLJ X ndnpv 0SG6SSy GKS fS@St
f SGGSNER 020S 02E floStax (SaGSR dzaAy3d ¢dzl SeQa *
on species richness across all plots and in MO plots, but no effectpilotaMBoxplot format as for

Figure S5.
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FigureS10

Influence of sampling tragays on butterfly species richnesmalysed to decide whether to include
trap-days as a random effect in models of species richness response.

Butterfly species richness aj all plots, b) AF plots and c) MO plots, shovidirigS k! L/ O 2F |
CGeneralisedinearModel (Poisson distribution, log link function) of response to number of dicays
relative toa null model, with model prediction and 95% Tihe model including tragays was not

better than the null in any case.



