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INTRODUCTION

Comparative studies of species traits have historically 
focused on trait differences between species. However, 
ecologists increasingly recognise that much of the trait 
variation in ecological communities exist between indi-
viduals from the same species. For example, trait varia-
tion within species accounts for up to one- fourth of total 
trait variation in plant communities (Siefert et al., 2015) 
and can have ecological consequences comparable in 
magnitude to those from separate species (Des Roches 
et al., 2018). Intraspecific trait variation (ITV) may 

emerge from phenotypic plasticity (e.g. maternal effects 
or learned behaviour) (Turcotte & Levine, 2016), ontoge-
netic diversity (Rudolf & Rasmussen, 2013) and heritable 
evolutionary change.

Although ITV is ubiquitous in natural ecological 
communities, its relevance for competitive interactions 
and species coexistence is unclear. In the past two de-
cades, the relationship between ITV and species co-
existence has garnered attention (Bolnick et al., 2011; 
Turcotte & Levine, 2016)� in particular, the idea that 
ITV may facilitate the coexistence of competing species 
(Violle, 2012). Theoretical studies attempting to link ITV 
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Abstract
A popular idea in ecology is that trait variation among individuals from the same 
species may promote the coexistence of competing species. However, theoretical 
and empirical tests of this idea have yielded inconsistent findings. We manipulated 
intraspecific trait diversity in a ciliate competing with a nematode for bacterial prey 
in experimental microcosms. We found that intraspecific trait variation inverted 
the original competitive hierarchy to favour the consumer with variable traits, ul-
timately resulting in competitive exclusion. This competitive outcome was driven 
by foraging traits (size, speed and directionality) that increased the ciliate’s fitness 
ratio and niche overlap with the nematode. The interplay between consumer trait 
variation and competition resulted in non- additive cascading effects� mediated 
through prey defence traits� on prey community assembly. Our results suggest 
that predicting consumer competitive population dynamics and the assembly of 
prey communities will require understanding the complexities of trait variation 
within consumer species.
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to coexistence have yielded inconsistent results ranging 
from positive (Crawford et al., 2019; Uriarte & Menge, 
2018), to negative (BarabÆs & D’Andrea, 2016; Hart 
et al., 2016), to zero effect (Banitz, 2019). Laboratory and 
field studies have also demonstrated variable outcomes 
between competing species with different levels of ITV 
(Clark, 2010; Hausch et al., 2018; Noto & Hughes, 2020). 
Currently, this body of empirical and theoretical liter-
ature demonstrates no universally positive or negative 
effect of ITV on coexistence.

Modern coexistence theory is a prevalent theoret-
ical framework in ecology, and it can be leveraged to 
understand how variable traits (e.g. phenotypic plas-
ticity (Turcotte & Levine, 2016)) might impact fitness 
or niche differences between competing species. From 
the perspective of modern coexistence theory, species 
coexistence or competitive exclusion depends on how 
a variable trait influences stabilising and equalising 
mechanisms. In empirical studies, the relative contri-
bution of these mechanisms is typically estimated using 
the niche overlap and competitive (i.e. fitness) ratio com-
puted from population density data fit to a mathemati-
cal model of species competition (Godwin et al., 2020). 
To successfully understand ITV and species coexistence 
using modern coexistence theory, we also require knowl-
edge of the varying traits and intuition into how they 
map to competing species� competitive ratio and niche 
overlap. High ITV in traits affecting niche overlap (niche 
traits) should result in a distribution of individuals both 
adapted and maladapted to the prevailing environmen-
tal conditions. ITV in niche traits should weaken sta-
bilising mechanisms because conspecifics can distribute 
over a wider niche breadth, which increases niche over-
lap with heterospecifics. High ITV in traits altering spe-
cies fitness ratios (competitive traits) should make some 
individuals more fit and others less fit under a given 
environmental condition. The predicted effects of ITV 
on competitive traits will depend upon the shape of the 
trait- response curve due to Jensen’s Inequality (Hart 
et al., 2016; Ruel & Ayres, 1999). A concave- up response 
for a variable trait will result in high- performance in-
dividuals that significantly increase the species mean 
performance via non- linear averaging (Hart et al., 2016). 
Alternatively, a concave- down response will produce 
some poorly adapted individuals that would dispropor-
tionately decrease mean performance. Therefore, the 
expectation for coexistence will also depend upon the 
shape of the species performance response to the vari-
able trait. Traits may also simultaneously impact both 
niche and fitness differences in complicated ways (Kraft 
et al., 2015).

There are relatively few empirical studies test-
ing current theories of ITV and species coexistence. 
Furthermore, both theoretical and empirical studies on 
the effects of ITV and species coexistence have primar-
ily focused on competitive outcomes at a single trophic 

level. Many studies have shown that ITV of a single 
consumer can have cascading effects on community 
dynamics at lower trophic levels (Chislock et al., 2013; 
Post et al., 2008; Rudolf & Rasmussen, 2013). However, 
little is known about how the interplay between con-
sumer ITV and consumer competition affects prey 
community dynamics. In order to uncover general 
principles of ITV and species coexistence, it will be 
necessary for empirical studies to better characterise 
the ecological and evolutionary conditions (including 
their complexities) that promote or hinder species co-
existence. This effort should include uncovering the 
mechanisms (e.g. species traits) that position species� 
niche overlap relative to their hierarchical differences 
and understanding how these operate in broader tro-
phic contexts. Experimental microbial communities 
offer one way to test these ideas under controlled lab-
oratory conditions. We conducted an experiment with 
a microbial ciliate competing with a nematode worm 
in a common garden consisting of 24 different bacte-
rial prey species. Specifically, we sought to test (1) how 
consumer ITV influences the competitive population 
dynamics between two consumer species, (2) whether 
links between consumer ITV and interspecific compe-
tition influence prey community structure and (3) what 
mechanisms (i.e. consumer trait differences) might un-
derlie any observed effects.

M ATERI A LS A N D M ETHODS

Overview

We combined a 24- species isogenic bacterial prey 
community (each species derived from a single clone) 
with an isogenic nematode worm, Caenorhabditis ele-
gans, and an isogenic ciliated protozoan Tetrahymena 
thermophila� hereafter Low Trait Variation (LTV) cili-
ate. In some treatments, we replaced the LTV ciliate 
consumer with an even mixture of 20 different ciliate 
populations, each displaying intraspecific phenotype 
variation� hereafter High Trait Variation (HTV) cili-
ate (Cairns et al., 2020). In this way, we could manipu-
late the standing stock of trait diversity in the ciliate 
consumer in the presence or absence of competition 
from the nematode. We then combined the LTV ciliate, 
the HTV ciliate, the nematode and the prey bacterial 
community in experimental microcosms with a full- 
factorial design (six conditions, four biological repli-
cates per treatment). We followed consumer densities, 
prey density, and bacterial community composition 
over 61�days representing at least 70 ciliate and 16 nem-
atode generations. We also measured traits from both 
consumers and prey to determine how community as-
sembly and consumer composition were related to spe-
cies phenotypes (Figure 1).
























