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Table S1: Hypotheses and predictions with references forming the basis of an analysis on environment-trait relationships in African haplorrhines. When referring to more open habitats we consider those to be characterised by lower tree height, less rain, greater temperature and rain seasonality, and greater temperature diurnal range as opposed to areas with more dense forests.
	Trait
	Hypothesis
	Prediction

	Arboreal vs terrestrial
	Both terrestriality and large body size enable primates to cover greater distances more effectively to find dispersed food sources within open habitats than arboreal and smaller primates making open habitats less suitable for arboreal and smaller primates (Fleagle 2013). 
	Arboreal primates are positively associated with tree height, and rainfall, and negatively with temperature and rain seasonality.
Terrestrial primates have no specific associations with environmental variables because they can fare well in both open and closed habitats.
Body size is negatively associated with tree height, and rainfall, and positively with seasonal variation.

	Frugivorous, folivorous, omnivorous
	Omnivorous primates have the greatest range of fallback food items, followed by folivorous primates and finally frugivorous primates, which gives omnivores the greatest flexibility, folivores intermediate and frugivores the least flexibility in switching food items in highly seasonal environments with regular periods of low productivity (Hemingway and Bynum 2005). 
	Frugivores have the strongest positive association with tree height and rainfall, and the strongest negative association with temperature and rainfall seasonality. Folivores are predicted to have intermediate associations in the same directions.
Omnivores are predicted to show less strong associations with specific environmental conditions.

	Diet
	Leaf quality (protein to fibre ratio) goes down steeply with higher temperatures, therefore, food availability for folivore specialists is reduced under such conditions (Zvereva and Kozlov 2006; Korstjens and Dunbar 2007; Rothman et al. 2014).
	Folivores are negatively associated with areas with high mean temperature but we do not predict a specific association for omnivores and frugivores with mean temperatures. 

	Intermembral index
	Species with relatively equal lengths of the forelimbs and hind limbs (i.e. IMI~100) are faster and more efficient at longer duration terrestrial quadrupedal locomotion than those with relatively short forelimbs (IMI<80; which tend to jump more when on the ground), which is more important in the most open habitats (Fleagle 2013; Jungers 1985). 
	We predict a negative association between IMI and characteristics typical of very open habitats (i.e. low canopy height, high temperature and rainfall seasonality, and low rainfall).
(Because none of the African apes have particularly long forelimbs, we do not predict this relationship to be quadratic in this dataset)

	Body mass & Sexual size dimorphism
	Both large body size and greater sexual size dimorphism reduce predation risk for diurnal primates living in relatively open environments but not so much for those living in more dense forests. (Plavcan et al. 2005, Cassini 2020)
	Body size and sexual size dimorphism are positively associated with the suite of characteristics associated with more open environments (i.e. low canopy height, low rainfall, greater rain and temperature seasonality).

	Body mass
	Larger body size protects primates against greater diurnal temperature variation (Bergman’s rule - Plavcan et al. 2005).
	Body size is positively associated with diurnal temperature variation.

	Group size
	Diurnal primates in open environments form relatively larger groups in order to reduce predation risk (Hill and Lee 1989). 
	Group size is positively associated with open environment characteristics (see above).

	Age at first birth and inter-birth interval
	Animals living under stable consistently intermediate conditions are hypothesized to have a slower life history than those that have to cope with greater harshness and variability in their environment if these lead to higher adult mortality (the opposite may be true if these environmental conditions lead to high juvenile mortality; Ellis et al 2009).
	Age at first birth and inter-birth interval are negatively associated with daily temperature variation, seasonal temperature and rainfall variation and low tree canopy. 

	Home range size
	More seasonal environments have less stability in year-round food availability and require larger home ranges to ensure year-round access to food (Hemingway and Bynum 2005, Kalan et al. 2020).
	Home range size is positively associated with rainfall and temperature seasonality.

	Daily travel distance
	More open environments provide more dispersed food sources at lower abundance and require greater home ranges and daily travel distances to ensure year-round and daily access to food (Hemingway and Bynum 2005, Kalan et al. 2020).
	Daily travel distances and home range sizes are positively associated with characteristics of more open environments (see above).


This study is designed to test whether genus and species-intrinsic traits enable a genus or species to survive better under particular environmental conditions, it is not designed to test whether within-genus variation is associated with particular environmental conditions.
Table S2a: Number of species in each genus used in analysis on environment-trait relationships in African haplorrhine genera for which published data were unavailable for trait variables.
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Table S2b: Pearson correlation analysis, correlation coefficient R and p-values, between environmental data of sites used in analysis on environment-trait relationships in African haplorrhine genera (N=354) 
	
	 
	Temperature diurnal range
	Temperature seasonality
	Annual precipitation
	Precipitation seasonality
	canopy height

	Mean annual temperature
	R
	-0.19**
	-0.24**
	0.19**
	0.38**
	0.02

	
	p
	0.00
	0.00
	0.00
	0.00
	0.67

	Temperature diurnal range
	R
	
	.63**
	-0.61**
	0.29**
	-0.46**

	
	p
	
	0.00
	0.00
	0.00
	0.00

	Temperature seasonality
	R
	
	
	-0.65**
	0.26**
	-0.54**

	
	p
	
	
	0.00
	0.00
	0.00

	Annual precipitation
	R
	
	
	
	-0.27**
	0.65**

	
	p
	
	
	
	0.00
	0.00

	Precipitation seasonality
	R
	
	
	
	
	-0.39**

	
	p
	
	
	
	
	0.00






Table S2c: Spearman’s correlations, Rho and p-values, among traits data of African haplorrhine genera (N=14)
	 
	 
	Body mass
	Group size
	Age at first birth
	Sexual dimorphism
	IBI
	home range
	daily travel

	IMI
	Rho
	0.69**
	0.45
	0.27
	-0.66*
	0.34
	0.76**
	0.48

	
	p
	0.01
	0.11
	0.35
	0.01
	0.24
	0.00
	0.08

	Body mass
	Rho
	
	0.26
	0.32
	-0.40
	.560*
	0.67**
	0.31

	
	p
	
	0.37
	0.26
	0.15
	0.04
	0.01
	0.27

	Group size
	Rho
	
	
	0.28
	-0.24
	0.02
	0.52
	0.53

	
	p
	
	
	0.34
	0.42
	0.96
	0.06
	0.05

	Age at first birth
	Rho
	
	
	
	0.10
	0.32
	0.12
	-0.14

	
	p
	
	
	
	0.74
	0.27
	0.68
	0.63

	Sexual dimorphism
	Rho
	
	
	
	
	0.14
	-0.65*
	-0.50

	
	p
	
	
	
	
	0.63
	0.01
	0.07

	IBI
	Rho
	
	
	
	
	
	0.08
	-0.17

	
	p
	
	
	
	
	
	0.79
	0.55

	home range
	Rho
	
	
	
	
	
	
	0.84**

	
	p
	
	
	
	
	
	
	0.00



Table S2d: Spearman’s correlations, Rho, among traits data of African haplorrhine species (N=57)
	 
	 
	Body mass
	Group size
	Age at first birth
	Sexual dimorphism
	IBI
	home range
	daily travel

	IMI
	Rho
	0.47**
	0.53**
	-0.01
	-0.52**
	0.09
	0.52**
	0.43**

	
	p
	0.00
	0.00
	0.94
	0.00
	0.51
	0.00
	0.001

	Body mass
	Rho
	
	0.27*
	0.20
	-0.32*
	0.21
	0.62**
	0.13

	
	p
	
	0.04
	0.13
	0.01
	0.12
	0.00
	0.35

	Group size
	Rho
	
	
	-0.004
	-0.23
	-0.19
	0.43**
	0.45**

	
	p
	
	
	0.98
	0.08
	0.15
	0.001
	0.00

	Age at first birth
	Rho
	
	
	
	-0.03
	0.26
	0.16
	0.01

	
	p
	
	
	
	0.82
	0.06
	0.24
	0.94

	Sexual dimorphism
	Rho
	
	
	
	
	0.05
	-0.46**
	-0.35**

	
	p
	
	
	
	
	0.74
	0.00
	0.01

	IBI
	Rho
	
	
	
	
	
	0.05
	-0.06

	
	p
	
	
	
	
	
	0.72
	0.67

	home range
	Rho
	
	
	
	
	
	
	0.64**

	
	p
	
	
	
	
	
	
	0.00




Table S3: Results of fourth-corner tests for associations between environmental variables and biological traits for African haplorrhine genera (Pseudo F for qualitative x quantitative, and Pearson R for two quantitative variables). Padjust denotes P-values following correction for multiple comparisons with the FDR method; * denotes significance with α = 0.05; ** denotes significance with α = 0.01.
[image: ]
Table S4: Genus functional group membership and mean trait values of functional groups of African haplorrhine genera based on hierarchical cluster analysis on genus trait scores in RLQ analysis of trait-environment relationships.
[image: ]
[image: A picture containing diagram

Description automatically generated]
Figure S1. Cluster dendrogram showing genus clustering by RLQ trait scores and individual plots comparing biological traits for each genus’ group identified in RLQ trait-environment relationship analysis among African haplorrhines. Box plots show quartiles, median and minimum, maximum of each trait.
Table S5: Results of fourth-corner tests for associations between environmental variables and biological traits for African haplorrhine species (Pseudo F for qualitative x quantitative, and Pearson R for two quantitative variables).  Padjust denotes P-values following correction for multiple comparisons with the FDR method; * denotes significance with α = 0.05; ** denotes significance with α = 0.01.
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Table S6: Species functional group membership and mean trait values of functional groups of African haplorrhine species based on hierarchical cluster analysis on trait scores in RLQ analysis of trait-environment relationships.
[image: ]
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Figure S2. Cluster dendrogram showing species clustering by RLQ trait scores and individual plots comparing biological traits for each species group identified in RLQ trait-environment relationship analysis among African haplorrhines. Box plots show quartiles, median and minimum, maximum of each trait.
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P

adjust

Arboreal 0.44 0.45 0.79 0.33 0.02* 0.36 0.15 0.03* 0.36 0.40 0.06 0.36 0.31 0.01** 0.20 0.42 0.07 0.37

Terrestrial 0.56 0.86 0.97 0.60 1.00 1.00 0.73 1.00 1.00 0.52 0.81 0.97 0.64 1.00 1.00 0.53 0.86 0.97

Frugivorous 0.04 0.12 0.39 0.04 0.09 0.38 0.01 0.08 0.37 0.06 0.16 0.43 0.04 0.11 0.39 0.06 0.14 0.40

Omnivorous 0.75 0.81 0.97 0.78 0.99 1.00 0.88 1.00 1.00 0.74 0.83 0.97 0.79 0.99 1.00 0.74 0.87 0.97

Folivorous 0.20 0.99 1.00 0.13 0.22 0.54 0.04 0.10 0.39 0.15 0.26 0.59 0.15 0.25 0.58 0.15 0.22 0.55

Intermembral 

index

0.03 0.80 0.97 0.07 0.46 0.79 0.13 0.43 0.79 -0.06 0.60 0.94 0.11 0.19 0.49 -0.05 0.64 0.96

Body Mass -0.01 0.86 0.97 0.03 0.72 0.97 0.04 0.79 0.97 -0.02 0.84 0.97 0.01 0.85 0.97 0.03 0.83 0.97

Group Size -0.08 0.47 0.79 0.16 0.14 0.40 0.25 0.15 0.42 -0.14 0.31 0.64 0.09 0.29 0.62 -0.13 0.23 0.55

Age at first 

birth

0.05 0.68 0.97 -0.21 0.06 0.36 -0.29 0.12 0.39 0.25 0.07 0.37 -0.14 0.12 0.39 0.24 0.02* 0.36

Sexual 

Dimorphism

0.00 0.94 1.00 -0.04 0.69 0.97 -0.04 0.82 0.97 0.09 0.49 0.79 -0.13 0.13 0.40 0.05 0.64 0.96

Interbirth 

Interval

-0.11 0.31 0.64 -0.18 0.11 0.39 -0.18 0.32 0.64 0.12 0.40 0.74 -0.27 <0.01** 0.14 0.21 0.05 0.36

Home Range 

Size

0.04 0.71 0.97 0.10 0.38 0.72 0.17 0.36 0.69 -0.10 0.49 0.79 0.16 0.06 0.36 -0.08 0.47 0.79

Daily Travel -0.04 0.65 0.96 0.21 0.04* 0.36 0.35 0.04* 0.36 -0.23 0.09 0.38 0.18 0.04* 0.36 -0.20 0.05 0.36

Precipitation 

Seasonality

Canopy Height

Mean Annual 

Temperature

Temperature 

Diurnal Range

Temperature 

Seasonality

Annual Precipitation
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Group Species Substrate IMI

Body 

mass

Group 

size

Age at first 

birth

Diet

Sexual 

dimorphism

Interbirth 

Interval

Home 

range

Daily 

travel

1 Cercopithecus ascanius

Cercopithecus cephus

Cercopithecus denti

Cercopithecus dryas

Cercopithecus erythrogaster

Cercopithecus erythrotis

Cercopithecus mitis

Cercopithecus mona

Cercopithecus neglectus

Cercopithecus nictitans

Cercopithecus petaurista

Cercopithecus pogonias

Cercopithecus preussi

Cercopithecus sclateri

Cercopithecus wolfi

Piliocolobus badius

Piliocolobus pennantii

Piliocolobus preussi

Chlorocebus djamdjamensis

Arboreal 82.79 4.51 21.59 1678.42 Omnivorous / 

Folivorous

0.75 23.83 52.28 1272.22

2 Cercopithecus campbelli

Cercocebus torquatus

Chlorocebus sabaeus

Miopithecus talapoin

Arboreal / 

terrestrial

83.77 4.67 29.15 1520.63 Omnivorous 0.60 11.00 175.22 1443.25

3 Cercopithecus diana

Cercopithecus lhoesti

Cercopithecus roloway

Cercocebus agilis

Cercocebus sanjei

Cercecebus atys

Chlorocebus aethiops

Gorilla gorilla

Terrestrial / 

Arboreal

86.31 20.12 45.51 2203.25 Frugivorous / 

Omnivorous

0.57 23.56 379.45 1823.36

4 Cercopithecus hamlyni

Chlorocebus cynosuros

Chlorocebus pygerythrus

Chlorocebus tantalus

Theropithecus gelada

Terrestrial 85.45 6.36 26.98 1378.10 Omnivorous / 

Folivorous

0.73 20.51 187.60 1533.77

5 Colobus angolensis

Cercocebus galeritus

Gorilla beringei

Terrestrial / 

Arboreal

93.00 48.12 17.02 2765.00 Folivorous / 

Frugivorous

0.61 28.69 759.11 997.52

6 Colobus guereza

Colobus polykomos

Colobus satanas

Colobus vellerosus

Piliocolobus rufomitratus

Procolobus verus

Lophocebus albigena

Lophocebus aterrimus

Arboreal 79.75 9.57 13.04 1922.47 Folivorous / 

Frugivorous

0.77 23.97 79.09 808.57

7 Erythorcebus patas

Papio cynocephalus

Papio papio

Mandrillus sphinx

Mandrillus leucophaeus

Terrestrial 94.20 16.15 75.52 1602.00 Omnivorous 0.52 15.90 4329.70 4654.40

8 Papio anubis

Papio hamadryas

Papio ursinus

Terrestrial 96.00 18.37 144.00 1721.67 Omnivorous 0.59 23.00 2185.50 9225.56

9 Pan paniscus

Pan troglodytes

Terrestrail 103.25 40.97 77.80 5070.00 Omnivorous 0.78 59.72 4158.34 2850.00
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Genus IMI

Body 

Mass

Group 

Size

Age at 

Menarche

Birth 

Rate

Diet

Sexual 

Dimorphism

Interbirth 

Interval

Home 

Range

Daily 

Travel

Cercopithecus 9 1 0 13 8 0 0 9 5 7

Colobus 2 0 0 3 2 0 0 1 0 0

Piliocolobus 2 0 0 1 2 0 1 1 1 1

Procolobus 0 0 0 0 0 0 0 0 0 0

Cercocebus 2 0 0 3 2 0 0 1 0 0

Lophocebus 1 0 0 1 1 0 0 1 0 1

Erythrocebus 0 0 0 0 0 0 0 0 0 0

Chlorocebus 4 0 1 5 3 0 1 2 1 1

Miopithecus 0 0 0 0 0 0 0 0 0 0

Papio 1 1 0 0 0 0 0 0 0 1

Theropithecus 0 0 0 0 0 0 0 0 0 0

Mandrillus 0 0 0 0 0 0 0 0 0 0

Pan 0 0 0 0 0 0 0 0 0 0

Gorilla 0 0 0 0 0 0 0 0 0 0

Total 21 2 1 26 18 0 2 15 7 11
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Stat P 

P

adjust

Stat P 

P

adjust

Stat P 

P

adjust

Stat P 

P

adjust

Stat P 

P

adjust

Stat P 

P

adjust

Arboreal 0.39 0.53 0.94 0.29 0.27 0.94 0.14 0.24 0.94 0.35 0.33 0.94 0.29 0.21 0.94 0.38 0.44 0.94

Terrestrial 0.61 0.59 1.00 0.65 1.00 1.00 0.75 1.00 1.00 0.59 0.62 1.00 0.67 1.00 1.00 0.57 0.53 0.94

Frugivorous 0.01 0.30 0.94 0.03 0.53 0.94 0.00 0.45 0.94 0.05 0.53 0.94 0.03 0.45 0.94 0.04 0.45 0.94

Omnivorous 0.22 0.82 1.00 0.17 0.13 0.94 0.04 0.09 0.94 0.19 0.16 0.94 0.17 0.12 0.94 0.20 0.37 0.94

Folivorous 0.75 0.89 1.00 0.75 0.90 1.00 0.86 1.00 1.00 0.67 0.86 1.00 0.77 0.99 1.00 0.70 0.92 1.00

Intermembral 

index

0.01 0.99 1.00 0.04 0.80 1.00 0.07 0.74 1.00 -0.02 0.90 1.00 0.04 0.75 1.00 0.02 0.96 1.00

Body Mass 0.00 0.98 1.00 -0.03 0.88 1.00 -0.07 0.75 1.00 0.09 0.68 1.00 -0.08 0.54 0.94 0.13 0.49 0.94

Group Size -0.10 0.33 0.94 0.11 0.54 0.94 0.21 0.36 0.94 -0.08 0.67 1.00 0.03 0.78 1.00 -0.07 0.69 1.00

Age at first 

birth

0.00 0.95 1.00 -0.20 0.29 0.94 -0.22 0.34 0.94 0.26 0.20 0.94 -0.20 0.07 0.94 0.27 0.12 0.94

Sexual 

Dimorphism

0.00 0.99 1.00 -0.15 0.42 0.94 -0.23 0.32 0.94 0.17 0.43 0.94 -0.16 0.19 0.94 0.12 0.51 0.94

Interbirth 

Interval

0.00 1.00 1.00 -0.23 0.19 0.94 -0.27 0.23 0.94 0.28 0.15 0.94 -0.24 0.03* 0.94 0.30 0.07 0.94

Home Range 

Size

0.04 0.69 1.00 0.06 0.73 1.00 0.09 0.67 1.00 -0.03 0.87 1.00 0.08 0.50 0.94 -0.01 0.96 1.00

Daily Travel -0.07 0.46 0.94 0.21 0.20 0.94 0.30 0.11 0.94 -0.23 0.21 0.94 0.15 0.21 0.94 -0.20 0.24 0.94

Temperature 

Diurnal Range

Mean Annual 

Temperature

Canopy Height

Precipitation 

Seasonality

Annual 

Precipitation

Temperature 

Seasonality
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Group Genera Substrate IMI

Body 

mass

Group 

size

Age at first 

birth

Diet

Sexual 

dimorphism

Interbirth 

Interval

Home 

range

Daily travel

1 Colobus

Piliocolobus

Procolobus

Cercopithecus

Lophocebus

Arboreal 81.20 7.52 17.50 1683.30 Folivorous / 

Omnivorous

0.78 24.11 64.24 1066.57

2 Cercorcebus

Theropithecus

Terrestrial 92.00 11.73 52.63 1600.50 Frugvivorous / 

Folivorous

0.58 24.25 485.75 1425.00

3 Erythrocebus

Chlorocebus

Miopithecus

Arboreal & 

terrestrial

85.69 4.90 27.71 1427.50 Omnivorous 0.62 13.70 1359.89 2318.92

4 Papio

Mandrillus

Terrestrial 94.75 17.64 102.40 1676.50 Omnivorous 0.54 18.58 4334.00 5500.00

5 Pan 

Gorilla

Terrestrial 109.25 82.62 44.15 4425.00 Folivorous / 

Omnivorous

0.63 55.88 2912.50 2045.83
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