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This supplementary information includes (text, figures, then tables, in sequence as referred to in 

main text): 

 

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

Figure S2 
Map of study region showing location of farms in the yield dataset within Phatthalung province, and 

sampling blocks in the biodiversity dataset in Phatthalung and Songkhla provinces. Letters A ς E 

ƛƴŘƛŎŀǘŜ άŘƛǎǘǊƛŎǘǎέ ǘƘŀǘ ƛŘŜƴǘƛŦȅ ǎǇŀǘƛŀƭƭȅ ŎƭǳƳǇŜŘ ǎŀƳǇƭƛƴƎ ōƭƻŎƪǎΦ 

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 habitat structural variables across all plots using Pearson correlation, showing 

a) all variables and b) selected summarised variables  

Figure S5 
Validation of point-based land-use quantification 

Figure S6 
Rubber stem density in biodiversity 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 districts, analysed to decide whether to include district as a 

random effects in models of species richness response. 

Figure S9  
Influence of rainfall on butterfly species richness, analysed to decide whether to include rainfall as a 

random effects in models of species richness response. 

Figure S10 
Influence of sampling trap-days on butterfly species richness, analysed 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 
Habitat structure measures of rubber agroforests (AF) and monocultures (MO) in biodiversity 

dataset plots. 

Figure S13 
Sampling completeness of biodiversity surveys. 

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

Figure S15 
Correlation between proportion of natural forest in block and density of non-rubber trees in rubber 

plots 

Figure S16 
RDA of butterfly species composition response within AF plots (a-b) and MO plots (c-d) to investigate 

interaction between plot type and AF:MO ratio in blocks. 

Table S1: 
Soil types of plots in the yield and biodiversity datasets 

Table S2:  
List of non-rubber plant species identified in rubber agroforests 

Table S3:  
Species abundances of birds, reptiles and butterflies in AF and MO, IUCN status and habitat 

specialisation. 

Table S4:  
Partial Redundancy Analysis (pRDA) assessing species composition response to plot type, after 

partialling out the effect of block, excluding rare species. 

Table S5:  
Results of Redundancy Analysis (RDA) of species composition response to the best model of plot 
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Figure S1: 
Rubber plantation area globally, and in Southeast Asia, 1980 to 2016. 

Data from (FAO 2018). 

 

  



Figure S2:  
Map of study region showing location of farms in the yield dataset within Phatthalung province, and 

sampling blocks in the biodiversity dataset in Phatthalung and Songkhla provinces. Letters A ς E 

ƛƴŘƛŎŀǘŜ άŘƛǎǘǊƛŎǘǎέ that identify spatially clumped sampling blocks. 
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Figure S3:  
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 2007 ς 2016 inclusive, and 

range lines show minimum and maximum value for each month across 2007 ς 2016. Unusually low 

rainfall and high temperatures were linked to a strong El Niño-Southern Oscillation event (Limsakul 

& Singhruck 2016). 

 

 

  



Figure S4:  
Correlation matrix of a) all possible rubber plot management/vegetation structure variables across 

all plots using Pearson correlation, showing and b) selected summarised variables 

 

Field measurements of rubber plot management and vegetation structure were made as follows: 

stem density and DBH of trees җр ŎƳ diameter at breast height (DBH; categorised as rubber, fruit, 

timber, palm or wild trees) was measured in two 10 m radius subplots 50 m apart, following Barlow 

et al (2007). Small sǘŜƳǎ җм Ƴ high ōǳǘ Җ р cm DBH were counted within two 5 m radius subplots. 

Data from subplots were pooled to calculate stem and basal area density of each plot. Understorey 

density index (0 ς 25) was measured by counting how many 10 cm sections of a 2.5 m pole were 

visible from each subplot centre, when placed 15 m away in each of the four cardinal directions, 

giving eight points per plot (Barlow et al. 2007). Maximum height (10 cm resolution) and percentage 

cover (estimated visually) of herbaceous vegetation in 1 m x 1 m quadrats, and percentage canopy 

cover (measured using a spherical densitometer) were recorded at each of the eight points by one 

observer (E.W-T). A mean of the eight measurements was then calculated per plot.  

!ƭƭ Ƙŀōƛǘŀǘ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŎƘŜŎƪŜŘ ŦƻǊ ŎƻƭƭƛƴŜŀǊƛǘȅΤ ǘƘƻǎŜ ǿƛǘƘ ŀ tŜŀǊǎƻƴ ŎƻǊǊŜƭŀǘƛƻƴ җ лΦтΣ ŀōƻǾŜ 

which collinearity severely distorts model estimation (Dormann et al. 2013), were 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 management recommendations, 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: non-rubber tree stem density (ha-

1). Fruit 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 non-rubber trees (Pearson correlation: 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 height (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 point-based land-use quantification 

 

To test the validity of the 39-point land-use classification method, area-based measures of landscape 

composition were extracted by manually mapping management units using high-resolution Google 

Earth imagery for a subset of ten blocks. This manual mapping was informed by all available GPS 

points for each block (mean 139 ± 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. 

 

 

  



Figure S6:  
Rubber stem density in biodiversity and yield datasets. 

 

tŀƴŜƭǎ ǎƘƻǿ ǊǳōōŜǊ ǎǘŜƳ ŘŜƴǎƛǘȅ ƻŦ ŀύ ŀƭƭ ǇƭƻǘǎΣ ōύ !C Ǉƭƻǘǎ ŀƴŘ Ŏύ ah ǇƭƻǘǎΣ ǎƘƻǿƛƴƎ ǘƘŜ ҟ!L/Ŏ ƻŦ 

the null model relative to a Generalised Linear Model incorporating plot type (AF and MO). Boxplot 

format as for Figure S5. 

 

 

 

Figure S7:  
Comparison of a) agrodiversity, b) fruit tree stem density and c) timber tree stem density of 

agroforestry plots between yield and biodiversity datasets.  

 

¢ƘŜ ҟ!L/Ŏ ƻŦ ǘƘŜ ƴǳƭƭ ƳƻŘŜƭΣ ǊŜƭŀǘƛǾŜ ǘƻ a Generalised Linear Model comparing each variable 

between the yield and biodiversity datasets, is shown on each panel. All variables were square-root 

transformed before analysis. Boxplot format as for Figure S5. 

 

 

  



Figure S8:  
Variation in species richness among districts, analysed to decide whether to include district as a 

random effects in models of species richness response. 

 

tŀƴŜƭǎ ǎƘƻǿ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ ǇŜǊ Ǉƭƻǘ ƻŦ ŀύ ōƛǊŘǎΣ ōύ ǊŜǇǘƛƭŜǎ ŀƴŘ Ŏύ ōǳǘǘŜǊŦƭƛŜǎΣ ǿƛǘƘ ǘƘŜ ҟ!L/Ŏ ƻŦ ǘƘŜ 

Generalised Linear Model (Poisson distribution, log link function) comparing species richness 

response to district, relative to a null model, on each panel. A frequentist approach was then used to 

ƛŘŜƴǘƛŦȅ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǇŀƛǊǿƛǎŜ ŘƛŦŦŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ōŜǘǿŜŜƴ ǘƘŜ ŘƛǎǘǊƛŎǘǎΣ ǿƘƛŎƘ ŀǊŜ 

ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ƭŜǘǘŜǊǎ ŀōƻǾŜ ōƻȄ ƭŀōŜƭǎΣ ǘŜǎǘŜŘ ǳǎƛƴƎ ¢ǳƪŜȅΩǎ ƘƻƴŜǎǘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜΦ 

Boxplots show median (central line), upper and lower quartiles (box bounds) and 1.5x inter-quartile 

range (whiskers). District had an effect on species richness of butterflies, but no effect on birds or 

reptiles.  

 

 

  



Figure S9:  
Influence of rainfall on butterfly species richness, analysed 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 plots and c) Mh ǇƭƻǘǎΣ ǎƘƻǿƛƴƎ ǘƘŜ ҟ!L/Ŏ ƻŦ ǘƘŜ 

Generalised Linear Model (Poisson distribution, log link function) of the response to rainfall, relative 

to a null model, on each panel. A frequentist approach was then used to identify statistically 

significant pairwise dƛŦŦŜǊŜƴŎŜǎ όǇ Җ лΦлрύ ōŜǘǿŜŜƴ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ǊŀƛƴŦŀƭƭΣ ǿƘƛŎƘ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ 

ƭŜǘǘŜǊǎ ŀōƻǾŜ ōƻȄ ƭŀōŜƭǎΣ ǘŜǎǘŜŘ ǳǎƛƴƎ ¢ǳƪŜȅΩǎ ƘƻƴŜǎǘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜΦ wŀƛƴŦŀƭƭ ƘŀŘ ŀƴ ŜŦŦŜŎǘ 

on species richness across all plots and in MO plots, but no effect in AF plots. Boxplot format as for 

Figure S5. 

 

 

Figure S10:  
Influence of sampling trap-days on butterfly species richness, analysed to decide whether to include 

trap-days as a random effect in models of species richness response. 

 

Butterfly species richness of a) all plots, b) AF plots and c) MO plots, showing ǘƘŜ ҟ!L/Ŏ ƻŦ ŀ 

Generalised Linear Model (Poisson distribution, log link function) of response to number of trap-days 

relative to a null model, with model prediction and 95% CI. The model including trap-days was not 

better than the null in any case. 

 


