
Introduction 
The Cape Floristic Region (CFR) of South Africa is rich in 
biodiversity and, as such, provides the perfect site to study 
interspecific and intraspecific variability (Golblatt, 2002). 
Both forms of variability contribute to species community 
assembly but interspecific has been studied to a greater 
extent than intraspecific. In, fact, intraspecific variation, can 
in some cases be the primary contributor to biodiversity 
(Messier et al., 2010). The objective of this research was 
to study intraspecific variability in leaf area across 
three biomes that span rainfall and temperature 
gradients, and to assess the partitioning of that 
variability across biomes, across shrubs within 
biomes, and within shrubs of four focal species - 
Rushia intricata (RUIN), Aridaria noctiflorum (ARNO), 
Diospyros austro-africana (DIAU) and Chrysocoma ciliata 
(CHCI). 
Clark et al. (2011) suggests that when variability is looked 
solely at the interspecific level, we may fail to observe 
important ecological processes that only produce patterns 
at the intraspecific level. When looking at intraspecific 
variation, a similar problem may be happening in that most 
studies look for variation between individuals whereas the 
majority of variation will be within an individual shrub. 
 

Hypothesis 
•  Based on observations made when collecting leaves and 

based on the fact that comparing all the leaves collected 
from one biome against another’s might mask some of the 
variability (Clark et al. 2011, Messier et al. 2010), we 
hypothesized that intraspecific leaf area variability will be 
greatest within individual shrubs, followed by variability 
among shrubs at each biome, and finally across all three 
biomes. 

Intraspecific Variation in Leaf Area Across an Environmental Gradient 
in the Cape Floristic Province of South Africa 

Questions 
Is intraspecific variability in leaf area greater: 
•  within individual shrubs? 
•  among shrubs in a given biome? 
•   across all three biomes?  
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Results 
•  RUIN leaf area was the same across the three biomes; CHCI 

and DIAU had the same leaf area for biomes 1 and 3 but had 
bigger leaf areas in biome 2; leaves of ARNO had about the 
same area for biomes 1 and 2 but they were bigger in biome 3 
(Fig. 1; Table 1). 

•  Variance, in all but one of the focal species, was greatest within 
shrubs than across shrubs at each biome or across biomes. 
RUIN, ARNO and CHCI had 84.6%, 60.3% and 73.6% within-
shrub variance respectively.  DIAU’s variability was greatest 
when comparing across biomes with 53.1%, while 42.6% of 
variability was within shrubs (Table 2). In both ARNO and CHCI, 
the variability by location and by bush within one biome was 
roughly the same with 19.2%-20.5% and 12.7%-13.7% 
respectively. RUIN showed the least amount of variability 
across biomes with 2.8%, while DIAU was least variable among 
shrubs with 4.3%. All p-values for this analysis were >0.05 
(Table 2). 

 Methods 
•  4 sampling biomes that span an environmental gradient: 

Calvinia (mean temp. 16.2 ⁰C, mean precip. 209 mm); 
Nieuwoudtville (mean temp. 17.6 ⁰C, mean precip. 332 mm); 
and Sutherland (mean temp. 14.3 ⁰C, mean precip. 230 mm). 

•  4 focal species:  CHCI, RUIN, DIAU, and ARNO. 
•  Collections: At each biome, five randomly selected shrubs per 

species sampled. Stratified random sampling à 5 leaves per 
branch; 100 leaves per species in each of three biomes; 1200 
leaves sampled total.  

•  Measured Trait: Leaf area (data were ln normalized) 
•  Analysis: One-way and nested ANOVAs with R (R Core Team 

2014) nlme package to assess variability of leaf area within (a) 
individual shrubs, (b) a given biome and (c) across the three 
biomes. Post Hoc Tukey Honest Significant Differences test. 
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Fig. 1. Density functions of ln(leaf area) for each species at each of the 
three biomes. The y-axis (“density”) represents the abundance of leaves 
with a given ln(leaf area) for each species at each biome. 

Table 1. Probability of observed differences in leaf area between biome 
(pairwise comparisons) assessed by Tukey HSD test for all four species. 
 * Significant difference in ln(leaf area) 

Table 2. ANOVA partitioning of variance of ln(leaf area) *** significantly different 
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 Discussion 
 This research suggests that a significant amount of variability in 
nature is overlooked when only taking into account interspecific 
variation. It is at the individual level that species respond to 
ecological filters and it is intraspecific variability that accounts for 
how they respond to those filters. This study suggests that 
intraspecific variation accounts for much of the variability in nature, 
specifically in the CFR of South Africa, and therefore that 
intraspecific variability should be taken into account when 
investigating biodiversity and community assembly processes, as 
well as those that highlight intraspecific variability as a major 
component of ecological and evolutionary processes (Jung et al 
2010, Violle et al 20112, and Kamiyama et al 2014). 
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