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How Does Intraspecific Trait Variation Influence the Climate Niche 

Breadth of Tropical Tree Species? 

Helene Hansen 

ABSTRACT 

With the contribution of intraspecific trait variation (ITV) to ecological processes being 

increasingly appreciated, its role in defining niche characteristics arises as a topic of interest. 

I hypothesised that species with a high magnitude of ITV would occupy a larger climate 

niche breadth than species with little ITV. Trait and occurrence data for 211 angiosperm tree 

species across Puerto Rico was used to investigate this hypothesis. Multiple indices for 

climate niche breadth (NB) and intraspecific variation were calculated, after which regression 

tests were performed to identify and characterise any relationships between NB and ITV. I 

found consistent positive correlations between niche breadth and intraspecific variation 

values (a single negative result was present), supporting the hypothesis that ITV of functional 

traits has a positive influence on climate niche breadth. These results highlight the 

contribution of ITV to species distribution, though the mechanisms behind this relationship 

are unclear and present a question for future study. 

INTRODUCTION 

1.1 Background 

Intraspecific variation (ITV), defined as the variation in trait expression found within a single 

species, is ubiquitous in nature. Whether the traits considered are physical or chemical, it is 

clear from everyday observation that all species exhibit differences between individuals. Such 

prevalence of the phenomenon of ITV gives rise to the question: what (if any) functional role 

does ITV play? One facet of this broader question is whether such a functional role lies in the 

determination of species niche breadth (NB), the possibility of which is the focus of this 

study. 

The concept of the ecological niche is fundamental in the study of ecology. Understanding 

the mechanisms that contribute to defining niche characteristics provides insight into the 

functional basis for varying NB. For the purposes of this study, we adopt the Hutchinsonian 

definition of the niche, such that the niche is given as the area described in n dimensions, for 

which population growth rate of the focal organism is non-negative (Hutchinson 1957). 

These dimensions represent the spectrum of abiotic and biotic conditions that impact species 

survival, with the number and specificity of dimensions - commonly known as niche axes - 

being dependent on the aims of that study.  

When discussing the niche of a species, we must distinguish between the fundamental and 

realised components of a niche. The definition of the niche as given above describes the 

fundamental niche, with the realised niche being the subset of that niche which is currently 

occupied by the species in question (Carscadden et al. 2020).  When describing the niche, 

three characteristics are commonly employed: niche breadth (NB), niche optimum, and niche 

position (Carscadden et al. 2020). Niche Breadth (NB) is defined as the range of conditions 

conductive to the survival of a species, while niche position and niche optimum refer to the 

https://paperpile.com/c/jyDlwd/0xVx
https://paperpile.com/c/jyDlwd/rnw0
https://paperpile.com/c/jyDlwd/rnw0
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mean occupied conditions, and the specific conditions at which population growth rate is 

highest, respectively. When describing a species niche, the NB acts to illustrate the 

environmental specificity of the species and is the characteristic of interest throughout this 

study. The examination of niche breadths is experiencing increasing relevance in the context 

of predicting responses to climate change (Carrillo-Angeles et al. 2016).  

A challenge that arises when attempting to quantify NB is the sheer number of biotic and 

abiotic contributors that comprise the species niche. Fortunately, this theoretical niche can be 

resolved into more manageable components based on the axis of interest. For example, the 

climate niche axis, being a continuous variable that has direct influence on local fitness, is 

often employed as the focal niche component when quantifying species niches (Ralston et al. 

2016; Carboni et al. 2016). Another obstacle is that, when accepting the Hutchinsonian 

definition of the niche, its bounds are defined by non-negative population growth. Obtaining 

accurate population growth rates at such a fine geographic scale is extremely difficult in a 

single organism study, let alone a project where NB must be defined for multiple species. An 

alternative to population growth which is well established in the literature, is the use of 

occurrence data, whereby the non-negative growth rate at a specific location is extrapolated 

from its presence at that site. Use of this proxy method can result in an overestimation of NB 

as defined by the Hutchinsonian niche, but it remains the most feasible practical method for 

quantifying the niche and is sufficiently accurate to merit its continued use. 

The basic concept of NB as a range descriptor has subsequently been interpreted in some 

cases to include the relative fitness of the organism across these conditions (Lynch and 

Gabriel 1987). This interpretation describes NB as a fitness curve as plotted across a chosen 

niche axis, and allows differentiation between generalist and specialist species through 

interpretation of the shape of this curve (Sexton et al. 2017). Where a specialist species would 

be represented by a curve that falls away steeply from its maxima, a generalist would follow 

a flatter curve. Summarily, this approach to quantifying NB acknowledges the fact that 

environmental suitability is not a constant across the species range, and allows one to 

incorporate this into measurements of NB. Three methods employed in this study for 

quantifying NB, given as delta, standard deviation (SD), and niche volume (NV) are 

illustrated in Figure 1. 

https://paperpile.com/c/jyDlwd/b8c2
https://paperpile.com/c/jyDlwd/Xh8l+LGw3
https://paperpile.com/c/jyDlwd/Xh8l+LGw3
https://paperpile.com/c/jyDlwd/Z3OI
https://paperpile.com/c/jyDlwd/Z3OI
https://paperpile.com/c/jyDlwd/H62E


  

3 

 

Figure 1. Theoretical depiction of the NB measures: delta, SD and NV. The blue curve illustrates the fitness 

curve of a species in response to a niche variable. The x and y axes represent the chosen niche axis (e.g. 

climate) and the chosen measure for suitability under those conditions (e.g. occurrence rates) respectively. 

Range (delta) and standard deviation (SD) measures of NB are shown by orange arrows. The green box 

illustrates the maximal graph area if suitability is constant, with the NB measure niche volume (NV) defined as 

the proportion of this maximal area occupied by the area of the fitness curve (yellow area). 

Traits which influence the fitness of a species (i.e., “functional traits”) have a long history of 

being included in estimations of niche breadth (Kearney et al. 2010), with such applications 

often including species means as a single element influencing the physical constraints on 

distribution across geographical space. With the growing evidence for variation of trait values 

playing a real functional role in community assembly (Westerband et al. 2021; Niu et al. 

2020), the question is raised of what influence the spectrum of trait values may have on 

determining distributions across climate gradients. Indeed, in the study of NB evolution, trait 

variation has been considered a facilitator of expanding NB (Sexton et al. 2017) due to the 

role of trait values in determining fitness under different environmental conditions (Violle et 

al. 2007).  

Trait variation can be quantified as interspecific and intraspecific (ITV) components. For this 

project, I focus on ITV, which is the product of genetic variation and phenotypic plasticity. 

ITV is prevalent among populations and ecological communities (Bolnick et al. 2011), often 

contributing in a real way to the function diversity of these assemblies (Albert et al. 2012). 

Given that an individual's capacity for phenotypic plasticity is rooted in its genotype 

(Scheiner 1993), we can state that both of the mechanisms for ITV mentioned above are 

heritable, and therefore subject to evolutionary processes. The magnitude of ITV present 

within a species can be quantified either across or between populations. The measure of total 

ITV (ITVtot), is the trait variation between all individuals regardless of location, giving the 

expected deviation of any given individual from the species mean trait value. In contrast, 

https://paperpile.com/c/jyDlwd/iOnD
https://paperpile.com/c/jyDlwd/dEAY+XFTJ
https://paperpile.com/c/jyDlwd/dEAY+XFTJ
https://paperpile.com/c/jyDlwd/H62E
https://paperpile.com/c/jyDlwd/fU9c
https://paperpile.com/c/jyDlwd/fU9c
https://paperpile.com/c/jyDlwd/eltY
https://paperpile.com/c/jyDlwd/6TfD
https://paperpile.com/c/jyDlwd/8fse
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between-site ITV (ITVbtw), describes the trait variation between population mean trait 

values, with greater values of ITVbtw indicating more variation in trait values in response to 

local conditions. While ITVbtw can provide valuable information into how traits vary in 

response to local conditions, it does not incorporate the ITV present within sites. In contrast, 

ITVtot allows all variation within and between populations to be represented, however, the 

specific role of location in trait expression is not discernible from this metric. 

Two commonly used plant functional traits for which trait expression is evidenced to vary 

across environmental gradients are wood density (WD; g cm-3) and leaf mass per area (LMA; 

g cm2). There is strong support for an increase in WD in regions of low annual precipitation 

(Chave et al. 2006), resulting in WD to be considered adaptive in response to drought stress. 

The role of WD in increasing drought resistance in trees can be explained physiologically by 

the denser wood providing more structural support to vascular tissues, allowing these vital 

tissues to withstand the negative pressure experienced in times of drought (Dalla-Salda et al. 

2011). Similarly, mean LMA has been shown to increase in correlation with both higher 

temperatures and reduced precipitation (Wright et al. 2005). The physiological basis for these 

correlations is less well defined in the literature. Broadly, high LMA represents a tradeoff 

between increased investment of resources and decreased leaf mortality (Wright et al. 2004). 

This tradeoff has been suggested to provide a fitness advantage in drier, warmer 

environments where access to light is plentiful allowing recovery of invested materials, while 

reduced leaf mortality aids in withstanding periods of drought (Niinemets 2001). It must 

however be noted, that the role of LMA in drought tolerance is disputed in tropical species 

(Bartlett et al. 2012), with evidence of LMA being shown to correlate more strongly to 

temperature and light availability than with water scarcity (Wright et al. 2005). 

In this project, I explore the relationship between ITV and the climate NB of angiosperm 

species, focusing on trait-climate interactions among angiosperm trees found in forests on the 

island of Puerto Rico. A tropical study system is ideal due to its high species richness, and 

small-scale variability of climate conditions. Focusing on plant taxa, specifically long-lived 

trees, allows populations to be defined at a fine scale, with reduced short-term distribution 

allowing greater temporal distance between populations at different sites. I include two traits 

when evaluating ITV: wood density (WD ; g cm3) and leaf mass area (LMA; g cm2). In order 

to interpret the results obtained, two main hypotheses are proposed which may explain the 

processes involved in establishment of a relationship between NB and ITV – these 

hypotheses are described below. 

1.2  Local Optimisation Hypothesis 

A core concept in trait-based ecology is that of the Community Weighted Mean (CWM) trait 

value. This refers to the mean value of a given trait across all individuals found at a given site 

(Garnier and Navas 2012). There is existing support for the notion that CWMs of some traits 

vary along climate gradients (Wright et al. 2004) - often in a unidirectional manner - giving 

rise to the hypothesis that the CWM is representative of an optimal trait value under the set of 

environmental conditions at a given site. It is therefore a logical continuation that the 

successful habitation of a site is correlated to the proximity of the species trait mean to the 

CWM. This assumption forms the foundation of the Local Optimisation Hypothesis, whereby 

the mean trait value of a species will differ between sites in the direction of the CWM.  

https://paperpile.com/c/jyDlwd/pKvv
https://paperpile.com/c/jyDlwd/fgmk
https://paperpile.com/c/jyDlwd/fgmk
https://paperpile.com/c/jyDlwd/nNSK
https://paperpile.com/c/jyDlwd/wjb9
https://paperpile.com/c/jyDlwd/9MC1
https://paperpile.com/c/jyDlwd/7CPi
https://paperpile.com/c/jyDlwd/nNSK
https://paperpile.com/c/jyDlwd/OEZv
https://paperpile.com/c/jyDlwd/wjb9
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Assuming an increase in suitability of the local environment as trait values approach the 

CWM, a species that inhabits a broad range of suitable environments will exhibit a large 

range of trait expression between sites. In the context of a correlation between NB and ITV, 

this ‘tracking’ of the CWM would be represented by a larger ITVbtw corresponding to a 

larger NB. This hypothesis would predict species with higher ITV to occupy broader climate 

ranges. Species that follow this hypothesised relationship would also be considered 

generalists, since the increased ITV would act to increase the range of highly suitable sites. 

From this we can also predict a flatter peak of occurrence, which would be directly supported 

by a positive relationship between between-site ITV and NB when defined based on the 

fitness curve. 

1.3 Niche Packing hypothesis 

An alternative hypothesis is the Niche Packing Hypothesis (Violle et al. 2012). Niche 

Packing refers to the effect of the variation of species richness along the cline of 

environmental harshness on the importance of ITV. The presence of trait variation at a site 

enables utilisation of the full range of local resources, through increasing functional diversity 

(FD) at that site. The niche packing hypothesis asserts that where species richness is high, FD 

is mostly comprised of Interspecific Trait Variation, and as species richness decreases the 

importance of ITV in maintaining FD is increased (Niu et al. 2020).  

Under this hypothesis, species with high ITV would have a competitive advantage in harsh 

environments where species richness is low (Hart et al. 2016), allowing them to successfully 

extend their NB into these locations. Support for this hypothesis would be demonstrated by a 

positive correlation between ITV and NB although - contrary to the local optimisation 

hypothesis - between-site variation would not be strongly correlated to NB. This is because 

the positive effect of ITV here is acting within, not between populations. Further, this 

hypothesis does not correlate a broad climate occurrence range to being a generalist species. 

Indeed, with the advantage of ITV here being focussed around harsh environments, the 

correlation between ITV and NB would be confined to raw range measures of NB. 

1.4 Aims 

In this study, I will examine the relationship between ITV of species and the breadth of the 

climate niche that they occupy. I will do this through the following specific questions: 

1. Does a relationship exist between NB and the magnitude of ITV? 

2. Which environmental conditions are most strongly associated with this relationship? 

3. Is ITV between or across sites most strongly correlated to NB? 

4. How does the method of NB calculation influence the trends observed? 

5. Is any relationship between NB and ITV consistent across groups of species? 

METHODS 

2.1 Trait Data 

I used previously published data for plant functional trait values for this study (Muscarella 

and Uriarte 2016) (Swenson & Umana 2015). These trait values were gathered from a total of 

https://paperpile.com/c/jyDlwd/TTXL
https://paperpile.com/c/jyDlwd/XFTJ
https://paperpile.com/c/jyDlwd/4wNh
https://paperpile.com/c/jyDlwd/Af2p
https://paperpile.com/c/jyDlwd/Af2p
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247 species at eight sites across climate gradients in Puerto Rico. Plots were established in 

eight forest sites, from which trait measurements were recorded. Since the assumptions laid 

out in my hypotheses are only satisfied where the traits in question are known to influence 

climate tolerance, only the trait values for wood density (WD) and leaf mass area (LMA) 

were selected for quantification of ITV. The available data was also filtered to include only 

species for which a minimum of 3 trait values were recorded. This resulted in 211 species 

across 144 genera being included in the final dataset. 

The sites at which trait values were sampled are all forest reserves (>80 years old at time of 

sampling) and are found across a gradient of annual precipitation patterns, from tropical 

rainforest to seasonal semi-arid forest (Figure 2). 

2.2 Environmental Data 

Environmental data was obtained from WORLDCLIM, with all 19 bioclimate variables 

included (full list of variables can be found in Appendix). The BIOCLIM V2 dataset was 

used, which averaged monthly data over the period from 1980-2000. Climate variables were 

taken at a spatial resolution of 30 secs (1.5km) (Fick and Hijmans 2017). 

In order to describe the climate niche on a single axis, I performed a principal component 

analysis, reducing the 19 climate conditions into a single principal component. The first 

principal component axis of this analysis (PC1) described >80% of the total climate variation 

over the study area, and was as such taken as a proxy for climate variation, in general. High 

PC1 values were most closely correlated to high mean annual precipitation (MAP). For this 

reason, MAP was also included as a more practically applicable axis that nevertheless 

described a large proportion of the relevant climate variation.  

 

https://paperpile.com/c/jyDlwd/tzsX
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Figure 2. Sample site locations plotted on a climate grid of Puerto Rico, where climate is represented by the 

first principle component. Black points mark the locations of sample sites. The climate grid has a spatial 

resolution of 30 seconds (~1.5km). 

2.3 Occurrence Data and ENMs 

Occurrence records had previously been compiled for the study area using both observation 

records from online databases, and herbarium records (Muscarella and Uriarte 2016). These 

records had also been employed in the construction of previously published ecological niche 

models (ENMs) (Muscarella and Uriarte 2016). The ENMs had been created with soil and 

climatic variables as predicting variables through Maxent (Phillips et al. 2006). Relative 

occurrence rates (RORs) were thereby obtained for each grid point comprising the study area. 

2.4 Quantifying ITV 

ITV values for each species were calculated using the Coefficient of Variation (CV) given as 

SD/mean, an established index for quantifying trait variation (Valladares et al. 2006; Bastias 

et al. 2017). Two such values were calculated per species. First, a total CV (CVtot) was 

calculated by taking the mean and SD values across all data points regardless of site. Second, 

a between-site value of CV (CVbtw) was derived by calculating the mean trait values per site, 

and subsequently calculating the SD and mean of these site values. It was important to 

include both of these measures for ITV, since they capture the ITVtot and ITVbtw 

components of trait variation respectively.  

The full species list was included in both calculations. It is important to note here that by 

using all species, including those sampled at only one site, values of zero returned for CVbtw 

correspond to species confined to one site only. While this has the potential to be misleading, 

I found it necessary to include these data points in order to ensure that rare species, which 

may be highly localised, were represented in my analyses. 

2.5 Quantifying Niche Breadth 

I used three methods to comprehensively describe niche breadth. Each of these variables 

highlight a different component of a species niche breadth. These methods being: raw climate 

range (delta) (Lin & Wiens, 2016), standard deviation of climate (SD) (Carboni et al. 2016), 

and relative niche volume (NV). A visual description of these variables can be found in 

Figure 1. Raw climate range (delta) values were calculated for each species using the 

occurrence records. Each occurrence was matched with environmental values for MAP and 

PC1, based on coordinates. The difference between the highest and lowest of these climate 

values for each species were then calculated, giving variables named deltaMAP and deltaPC1 

respectively. A deviation from this method that was also employed was the delta(sample) 

measure, which followed the same method as before, with the exception that only the 

sampled sites were included (Table 1). Standard deviation (SD) was calculated from the 

environmental values corresponding to each entry in the occurrence dataset.  

The relative niche volume (NV) was found by describing the fundamental and realised niches 

in terms of occurrence rates, and then calculating the proportion of the fundamental niche 

occupied as the realised niche. Relative occurrence rates were obtained from the ENMs 

https://paperpile.com/c/jyDlwd/Af2p
https://paperpile.com/c/jyDlwd/Af2p
https://paperpile.com/c/jyDlwd/oWKg
https://paperpile.com/c/jyDlwd/vsPR+XA7N
https://paperpile.com/c/jyDlwd/vsPR+XA7N
https://paperpile.com/c/jyDlwd/kTQA
https://paperpile.com/c/jyDlwd/kTQA
https://paperpile.com/c/jyDlwd/kTQA
https://paperpile.com/c/jyDlwd/LGw3
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described above and standardized such that RORmax = 1 for each species across the study 

area. These values for each grid cell were plotted against the corresponding PC1 values, and a 

fundamental niche was found as the area of the graph if every non-zero ROR was given the 

value of 1 (Figure 1). The NV was then calculated as the proportion of this fundamental niche 

covered by the modelled ROR values. Since NV is defined as a proportion, all output values 

lie between 0 and 1. 

Table 1. Summary of NB values used, their abbreviations, and their interpretations. 

NB measure Input Data Sets Equation Output/Interpretation 

delta Occurrence delta = ENVmax - ENVmin 

 

Where ENV is a given 

environmental condition 

raw range of given 

environmental condition for 

which there is record of the 

species occuring 

delta (sample) Trait data delta (sample) = ENVmax -   

ENVmin 

 

Where ENV is a given 

environmental condition 

raw range of given 

environmental condition at 

which the species was found 

and sampled 

SD Occurrence - standard deviation of 

environmental values assigned 

to occurrence records 

NV ENMs NV = RORmax(ENVmax - 

ENVmin) / ∑RORi 

 

Where ROR refers to the 

standardized ROR values, 

for i ENV values. 

gives the consistency of 

environmental suitability 

across the climate range. A 

higher output value indicates a 

generalist species, while a low 

output indicates a specialist. 

Each combination of NB measures and ITV values were plotted and examined for 

correlations using linear regression tests. Where CVbtw was used to quantify ITV, log 

transformations were required prior to linear regression. Subsequently, these analyses were 

repeated with the species set being split into genus groups. Only genera for which at least 3 

constituent species were present in the dataset were included. 

All analyses were carried out in R version 4.0.5 (R Core Team 2017). Additionally the 

RStoolbox (Leutner et al. 2019) and ggplot2 (Wickham 2016) packages were employed for 

the principle component analysis, and graphical presentations respectively. 

RESULTS 

With regard to the primary aim - identifying any correlation between NB and ITV - 28 linear 

regressions were conducted between different indices of NB and ITV. Of these regressions, 

27 displayed the hypothesised positive gradient, 14 of which were statistically significant 

with p ≤ 0.05 (Table 2). The one negative trend was found where NB was given by SD and 

ITV was given by CVtot of WD but this trend was not statistically significant. 

https://paperpile.com/c/jyDlwd/aljs
https://paperpile.com/c/jyDlwd/TcDb
https://paperpile.com/c/jyDlwd/0sPQ
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Table 2. Summarised output of linear regressions between NB and ITV measures. For each regression test, the 

p-value and slope are presented. Where the output is formatted in bold, the regression provided a statistically 

significant result as defined by p ≤ 0.05. 

NB / ITV Cvtot (WD) CVbtw (WD) CVtot (LMA) CVbtw (LMA) 

deltaPC p = 0.3 

slope = 1e-05 

p = 0.05 

slope = 2e-05 

p = 0.01 

slope = 5e-05 

p = 0.0003 

slope = 8e-05 

deltaPC 

(sample) 

p = 6E-07 

slope = 5e-05 

p = < 2e-16 

slope = 9e-05 

p = 7E-08 

slope = 0.0001 

p = < 2e-16 

slope = 0.0002 

deltaMAP p = 0.1 

slope = 1e-05 

p = 0.002 

slope = 2e-05 

p = 0.04 

slope = 3e-05 

p = 0.0002 

slope = 5e-05 

deltaMAP 

(sample) 

p = 3E-08 

slope = 5e-05 

p = 2E-16 

slope = 8e-05 

p = 1E-06 

slope = 8e-05 

p = < 2e-16 

slope = 0.0002 

SD p = 1 

slope = -2e-06 

p = 0.2 

slope = 6e-05 

p = 0.2 

slope = 0.0001 

p = 0.1 

slope = 0.0002 

NV p = 0.8 

slope = 0.009 

p = 0.5 

slope = 0.02 

p = 0.3 

slope = 0.07 

p = 0.3 

slope = 0.06 

Secondly, I posed the question of which environmental conditions contribute most strongly to 

the relationship between NB and ITV. This question is addressed by comparing the strength 

of trends from linear regressions, as represented by slope values. For the raw range NB 

indices, both the first principal component (PC1), and mean annual precipitation (MAP) were 

used as niche axes. Across all measures of ITV, a positive gradient was found irrespective of 

niche axis. For ITV of WD, the gradient of linear regression was unchanged between niche 

axes, with a difference in slope gradient of 1e-05 in the case of CVbtw being the exception to 

this consistency. Where ITV of LMA was employed, the gradient of regression was less 
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consistent between niche axes. Here, the slope was reduced slightly when the niche axis was 

given by MAP as compared with PC1. 

The influence of ITV indices (CVbtw and CVtot) on the direction and gradient of linear 

regression is also a key question posed in this study. With one exception, the regression 

gradient was higher when ITV was given by CVbtw rather than CVtot, regardless of how NB 

was quantified, and across both ITV of WD and LMA. The one exception was found for ITV 

of LMA where NB was represented by NV. In that case CVtot gave a gradient that was 0.01 

greater than when CVbtw was used. Further to this, the significance of these relationships 

was consistently higher for CVbtw than CVtot. The plots illustrated in Figure 3 demonstrate 

this difference in slope depending on the measure of ITV used.  

 

Figure 3. Plots illustrating the correlations between NB (as given by delta of the first principle component), and 

ITV as given by (a,b) CVtot and (c,d) CVbtw. The focal traits represented are (a,c) LMA, and (b.d) WD. The 

datapoint for each species is shown as a black dot. The linear model is shown by the blue line, with the grey 

shaded area being the 95% confidence interval. Note the increased gradient of the linear models where CVbtw 

was used to quantify ITV. 

The fourth research question concerned how the method of quantifying NB influenced its 

relationship to ITV. These measures of NB can broadly be grouped into raw range (delta) 

methods, and niche shape (SD, NV) methods. The method of NB quantification had no 

impact on the direction of its relationship with NB, as all regressions (with the previously 

described exception of SD ~ CVtot (WD)) displayed positive trends. An interesting deviation 

between methods is found when significance of these relationships is considered. All 

significant results were found when raw range methods were employed, with niche shape 

measures producing no significant relationships to ITV. While the differences in scale of the 

y-axis precludes the numerical comparison of slope values between measures of NB, we can 

clearly see a decrease in strength of the relationship between NB and ITV when niche shape 

is incorporated (Figure 4). While this graph captures this observation for one measure of ITV, 
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it was in fact maintained across all measures of ITV. It is also notable that the only NB index 

for which a significant positive trend was consistently found regardless of ITV measure, was 

delta of sample sites.  

 

Figure 4. Plots illustrating the correlations between ITV as given by CVbtw of (a,c,) leaf mass area and (b,d) 

wood density, and NB as given by (a,b) niche volume and (c,d) standard deviation. The datapoint for each 

species is shown as a black dot. The linear model is shown by the blue line, with the grey shaded area being the 

95% confidence interval. 

Finally, genera were examined individually to address whether relationships between NB and 

ITV are consistent across species groups. When LMA was used as the focal functional trait, 

only 3 of the 8 total genera considered displayed the hypothesised positive trend, while 3 

more displayed a negative relationship between NB and ITV (Figure 5). The remaining 2 

genera displayed no discernable trend. These results were not conserved where ITV of WD 

was used. In this case, 3 positive and 2 negative trends were found. None of these linear 

regressions achieved statistical significance. While genus groups generally trended in the 

same direction for both traits, a notable exception is the genus Coccoloba which inverted 

depending on the trait in question (Figure 5).The outcomes from the three largest genera are 

displayed in Figure 5, demonstrating the variability in direction and gradient of the 

correlation between NB and ITV depending on both genus and functional trait.  
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Figure 5. Plots illustrating the correlations between NB as given by delta PC1, and ITV as given by CVtot of (a) 

leaf mass area and (b) wood density within 3 genera. The datapoint for each species is shown as a coloured dot. 

The linear model for each genus is shown by the solid lines, with the shaded area being the 95% confidence 

interval. 

DISCUSSION 

Overall, the results illustrated above provide support for the assertion that the niche breadth 

of a species is positively correlated to the magnitude of intraspecific trait variation. A 

distinguishing factor between the two hypotheses presented for this study is the role of 

between-site ITV. Under the Local Optimisation Hypothesis, ITVbtw was predicted to be 

strongly correlated to NB, with no such relationship accounted for under the Niche 

Partitioning Hypothesis. The observation that ITVbtw was found to be more strongly 

correlated to NB than ITVtot (Figure 3) suggests that local optimisation is more likely to 

describe the processes responsible for the relationship between ITV and NB. That being said, 

it is distinctly probable that both niche partitioning and local optimisation are acting 

simultaneously on the sampled populations. Since these processes have previous support in 

the literature, and act at different - not opposing - scales, there is no reason for the two to be 

mutually exclusive. For this reason, while the results of this study explicitly reflect those 

predicted by local optimisation, providing support for this hypothesis - the influence of niche 

partitioning cannot be rejected by these findings. 

While the raw range component of NB did display significant correlations to ITV, a key 

finding here is that this trend was not conserved when the ‘fitness curve’ definition of NB 

was incorporated. The NB measures that were derived from the ‘fitness curve’ definition 

were niche volume (NV) and standard deviation (SD), neither of which produced statistically 

significant correlations to any measure of ITV. Additionally, the trends observed (Figure 4) 

were negligible for these measures of NB. This in some ways acts to undermine the local 

optimisation hypothesis, which predicted a strong positive correlation between CVbtw and 
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both NV and SD. The lack of a relationship between NV and ITV rather supports the 

predictions of the niche packing hypothesis, which did not assume that high ITV 

corresponded to a generalist strategy as would be represented by a high NV value. The 

assumption of large niche breadths corresponding to a generalist strategy has encountered 

opposition in the literature (Peers et al. 2012), and the lack of a relationship between NV and 

ITV here provides some support for the decoupling of these concepts. A further deviation 

from the hypothesised outcome is that the positive trend between ITV and NB was not 

conserved across genera. This suggests that either the NB-ITV correlation is not consistent 

across species, or that external variables are also influencing NB. Indeed, there is evidence 

for the interaction between ITV and climate being largely species-specific (Kuppler et al. 

2020), meaning that the influence of the local optimisation hypothesis may not consistent 

across all species groups. 

The degree of support presented for greater ITV correlating to increased NB is particularly 

encouraging when the influence of confounding variables is considered. Confining the 

environmental niche to only a climate axis was instrumental in the execution of this study, 

but does imply an independence of that niche axis which is not accurate in a practical context. 

Factors such as resource availability, biotic interactions, and soil chemistry will also have 

acted to restrict NB on the climate axis (Gouveia et al. 2014). Where these other niche axes 

restrict distribution over the climate spectrum, it is possible for the influence of ITV on 

climate NB to be partially masked. 

An interesting observation when comparing measures of NB between traits, is that ITV of 

LMA showed stronger correlation to NB values derived from the principal component axis 

than when the MAP axis was used. The trend was not observed where WD was the trait in 

question, suggesting that variation in WD is more heavily influenced by the precipitation 

component of NB, while LMA may be more closely tied to other climate variables. This is 

consistent with the differing functional roles of the two traits as described previously, with 

WD being closely tied to drought resistance and thereby precipitation (Chave et al. 2006), 

while LMA is linked to life history strategies more generally (Wright et al. 2005).  

There are some potential sources of error which must be acknowledged here. Firstly, the 

species included in our study vary in terms of total abundance and extent of geographical 

distribution. As a result, the sample size varies widely between species. This can be 

concerning, given the established interconnectedness of sample sizes and quantified variation 

(Van Belle and Martin 1993), with smaller sample sizes having larger error margins around 

the ‘true’ variation of the total population. However, we also assume in our hypotheses that 

rarity and ITV are not independent of one another, with both proposed hypotheses predicting 

lower ITV values for rarer species. If this is true, then CV and sample size are also not 

independent of one another, and the observed correlation between the two could merely be an 

artifact of the shared influence of rarity on each - not a causal relationship between sample 

size and calculated CV.  

We must also note that the study area considered here is restricted to a single island which 

represents a relatively small range when compared with the global distributions of some 

species. With species ranges not being restricted to the confines of this study area, it is 

possible for the studied range to differ significantly from their actual global range in some of 

the species. This ‘edge effect’ occurs when a restricted area of study results in the species NB 

https://paperpile.com/c/jyDlwd/wueX
https://paperpile.com/c/jyDlwd/Kmwn
https://paperpile.com/c/jyDlwd/Kmwn
https://paperpile.com/c/jyDlwd/BbaG
https://paperpile.com/c/jyDlwd/pKvv
https://paperpile.com/c/jyDlwd/nNSK
https://paperpile.com/c/jyDlwd/MaOB
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and ITV to be inferred from only part of the true range, which could result in calculation of 

values that are inaccurate for the species as a whole (Valladares et al. 2014). Additionally, the 

spatial restriction of data points has the potential to identify climate correlations at this 

smaller scale which may not be applicable when amplified to a larger geographical scale 

(Segurado et al. 2006). While this must be acknowledged as a potentially confounding factor, 

the extensive sampling effort across the captured range minimises these influences, meaning 

that hypothesised trends should be conserved regardless of the proportion of global 

distribution captured.  

A few avenues for further study are raised by this project. My results did not provide a direct 

differentiation between the influence of the two proposed hypotheses. A more informative 

comparison between how these processes contribute to the relationship between ITV and NB 

could be done through the incorporation of within-site ITV into a similar project to the one 

executed here. Through calculation of the relationship between NB and both between-site 

ITV and within-site ITV, the question of which hypothesis best explains the influence of ITV 

on NB could be better explained. Calculating the relative importance of ITV at individual 

sites, as demonstrated by Niu et al. (2020) could serve as an alternative method to test the 

influence of the niche packing hypothesis on ITV. An additional area which is of interest for 

further clarification is the merit of different measures for NB. The fact that the only NB 

measure to provide statistically significant results here was a raw range calculation could 

have one of two explanations. Either ITV influences NB only in terms the limits of 

distribution (rather than suitability within that distribution), or our measures for incorporating 

suitability into NB were flawed. It may therefore by of interest to more thoroughly 

interrogate the NB indices used in this study, particularly niche volume (NV) which is a 

novel approach and has not yet been exposed to thorough peer review. 

In summary, this investigation of ITV and climate NB has produced good support for 

increased ITV correlating to a broader climate niche. However, the mechanism behind such a 

relationship is less well defined within the scope of this project and is a promising target for 

further study.  
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APPENDIX  - Climate Variables 

 

Annual Mean Temperature 

Mean Diurnal Range (Mean of monthly (max temp - min temp)) 

Isothermality (Mean Diurnal Range/Temperature Annual Range) (×100) 

Temperature Seasonality (standard deviation ×100) 

Max Temperature of Warmest Month 

Min Temperature of Coldest Month 

Temperature Annual Range (Max Temp of Warmest Month - Min Temp of Coldest Month) 

Mean Temperature of Wettest Quarter 

Mean Temperature of Driest Quarter 

Mean Temperature of Warmest Quarter 

Mean Temperature of Coldest Quarter 

Annual Precipitation 

Precipitation of Wettest Month 

Precipitation of Driest Month 

Precipitation Seasonality (Coefficient of Variation) 

Precipitation of Wettest Quarter 

Precipitation of Driest Quarter 

Precipitation of Warmest Quarter 
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Precipitation of Coldest Quarter 

(Fick and Hijmans 2017) 
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