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Abstract 

 

The role of negative interactions in shaping ecological 

communities and the realized niches of species has been 

a focus of considerable research for at least decades. 

Traditionally, the discrepancy between the size of the 

fundamental and realized niches of a species was attrib-

uted to the effect of negative interactions, such that the 

realized niche is always smaller than the fundamental 

niche. However, in the last decade, a series of studies 

have highlighted the important role that positive inter-

actions played in shaping the structure of communities. 

This renewed interest in positive interactions has led to 

a reconsideration of the niche concept. Specifically, 

some investigators have suggested that positive interact-

ions can lead the realized niche of a species to be larger 

than its fundamental niche. Here, we show that, 

although positive interactions can counteract the effects 

of negative interactions and possibly modify the realized 

niche of a species, the realized niche of a species can 

never be larger than the fundamental niche.  

 

Key words: facilitation, fundamental niche, Hutchinson, 

positive interactions, realized niche 

 

Introduction 

 

The niche concept is an integral part of ecology, both 

currently and historically (Hardin 1960, Leibold 1995,

  

 

 

Hubbell 2001, Chase and Leibold 2003, Levine and 

HilleRisLambers 2009, Pullian 2000, Vergnon et al. 

2009, Chase and Myers 2011, Kylafis and Loreau 

2011). However, the niche concept has been defined in 

several different ways, and remains one of the most con-

fusing topics in ecology. Grinnell (1917) defined the 

niche as the place that a species occupies in the environ-

ment. Elton’s (1927) view of the niche differed from 

Grinnell’s in that it focused on the functional role a 

species plays and its impact on the community. Both 

Grinnell’s and Elton’s niche definitions attributed 

niches to environments. Hutchinson (1957) instead 

attributed the niche to the species, and this definition is 

perhaps the most frequently used. Hutchinson (1957) 

defined the fundamental niche (N) as the sum of all Xn 

variables, both physical and biological, required for a 

species (S) to persist. Moreover Hutchinson (1957) 

applied the Volterra-Gause principle (Gause 1934) to 

described the realized niche (N´1) of a species (S1) in the 

presence of another species (S2) as the proportion of the 

fundamental niche of S1 that is outside of the funda-

mental niche of S2 (N1-N2), plus the intersection of both 

fundamental niches (N1·N2) in which the birth rate of S1 

is equal to or greater than its death rate. Thus, ecologists 

generally credit the discrepancy between the size of the 

fundamental and the realized niches of a species to 

negative interactions such as competition (Figure1a). 
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Figure 1. Three different niche concepts. a) Hutchinson (1957)’s niche concept, the realized niche (grey circle) is 

the part of fundamental niche (black line) occupied by a species after accounting for negative interspecific 

interactions (such as predation, competition and parasitism). b) Bruno et al. (2003) niche concept, when facilitation 

is considered the realized niche (grey circle) can be larger than the fundamental niche (black line). c) Our 

hypothesis, that facilitation can mitigate the effects of negative interactions and expand the realized niche (grey 

circle) which is larger in (c) than in (a) but cannot overcome the fundamental niche (black line). 

 

 

 Whereas the role of negative interactions in shaping 

natural communities has been the focus of ecological 

research (and heated debate) for decades (e.g. Mac-

Arthur 1958, Paine 1966, Janzen 1970, Tilman 1994), 

positive interactions were largely ignored until recently 

(e.g. Stachowicz 2001, Callaway et al. 2002, Bronstein 

et al. 2003, Bruno et al. 2003, Brooker et al. 2008, Van 

der Putten 2009). A positive interaction occurs when the 

presence of one species enhances the growth, survival, 

or reproduction of the interacting partner or neighbor 

but neither is negatively affected. Consequently, pos-

itive interactions may have a strong influence on the 

spatial distribution of associated species over ecological 

(Choler et al. 2001) or evolutionary time scales 

(Valiente-Banuet et al. 2006). A series of studies on 

plant communities (e.g., Callaway 2007 and references 

therein) have highlighted the ubiquity of facilitation and 

its importance in shaping the structure of plant com-

munities.  

 Bruno et al. (2003) further suggested that the incl-

usion of facilitation into niche theory leads to the 

paradox that the spatial extent of the realized niche can 

exceed the spatial range predicted by the fundamental 

niche (Figure 1b). Bruno et al. (2003) argue that by 

increasing the spatial extent of the distribution of a spec-

ies, that species is thereby exposed to new conditions, 

and as such, the size of its realized niche has exceeded 

the size of its fundamental niche. But some empirical 

studies, such as Warren et al.’s (2010) work on ant-seed 

dispersal mutualisms clearly demonstrated that facilita-

tion failed to expand the size of the realized niche of 

myrmecochorous plant species over the fundamental 

niche of that same species. Here, we suggest that the 

size of the realized niche cannot exceed the size of the 

fundamental niche, even though the spatial extent of the 

realized niche might indeed increase with positive inter-

actions (Figure 1c).  

 To support this contention, we offer five examples 

from the invasion biology literature. Invasive exotic 

species often become integrated into the recipient com-

munities, disrupt the function of those communities, and 

potentially create a new set of associations with native 

species (Richardson et al. 2000, Pearson and Callaway 

2003, Aizen et al. 2008). However, in a small number of 

cases, exotic species have facilitated a few native 

species via direct and indirect mechanisms (Vitousek et 

al. 1987, Vitousek and Walker 1989, Riera et al. 2002, 

Wonham et al. 2005, Pearson 2009). The consequences 

of facilitation by exotic invasive species include, for 

example, geographical range expansion, changes in abi-

otic conditions, or changes in food availability (Rod-

riguez 2006). In the following examples, we show how 

the realized niche of native species has increased in the 

presence of exotic species without affecting the size of 

fundamental niche of the natives. 

 

Lessons from exotic species 

 

In mutualistic interactions, such as plant-pollinator and 

plant-seed disperser interactions, the spatial distribution 

of one species is often limited by the extent of the inter-

acting partner’s distribution. For example, the intro-

duction of exotic carnivore species in the Balearic Arc-

hipelago resulted in an increase in the distribution of the 

native shrub Cneorum tricoccon (Riera et al. 2002). 

Seeds of these native shrubs were dispersed by native 

lizards in the genus Podarcis, which have become 

extinct following the introduction of several exotic 
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carnivores. One of these exotic carnivore species, the 

pine marten (Martes martes), is also an important seed 

disperser. Records show that while native seed-dispers-

ing lizards on the island of Majorca are restricted to low 

elevations (i.e., <500 m.a.s.l.), the current distribution of 

the plant extends up to 1000 m.a.s.l. Evidence based on 

seed dispersal experiments suggests that the exotic 

marten is responsible for the geographic range expan-

sion of the native plant to high elevations. Thus, 

although the extent of the realized niche (i.e., increased 

elevation range) of these plants has increased following 

the introduction of the exotic species, the broad-scale 

geographic distribution of this plant group suggests that 

it is pre-adapted to these “new” abiotic conditions, 

which are included in its fundamental niche. Similarly, 

in a study of the seed dispersal interaction of the blood-

root (Sanguinaria canadensis) by the red imported fire 

ant (hereafter RIFA; Solenopsis invicta Buren), Ness et 

al. (2004) found that RIFA affected seed destination by 

increasing dispersal toward forest edge ecotones, where 

native ant species rarely dispersed seeds. Thus, facilita-

tive interactions between the exotic ant and the native 

plant led to a local increase in the spatial extent of 

blood-root (e.g., number of patches occupied). An add-

itional study with blood-root showed that it can tolerate 

the physical conditions typical of forest gaps and can 

grow vigorously in light-rich habitats (Marino et al. 

1997). Therefore, while blood-root might be filling a 

greater portion of its fundamental niche than before the 

introduction of RIFA, the range of the conditions that 

predicted its fundamental niche has not changed.  

 The spread of exotic species often results in physical 

alteration of existing habitats, which can include 

changes in abiotic conditions by creating new micro-

habitats. Such is the case of Ficopomatus enigmaticus, 

which is an invasive reef-building polychaete that 

creates new habitat for a number of native marine spec-

ies. Schwindt and Iribarne (2000) found that many nat-

ive species of crabs, amphipods, and gastropods were 

more abundant beneath this reef-building polychaete 

than in non-invaded sites, due to the introduction of 

novel physical structures that change the abiotic 

conditions and provide refuge against predators. 

Similarly, the Asian hornsnail (Batillaria attrament-

aria)—exotic to the Northwest Pacific coast of the 

United States—facilitates the establishment of native 

species, including two native hermit crabs (Pagurus 

hirsutiusculus and P. granosimanus), and exotic species 

(Wonham 2005). These species used the shell of the 

Asian hornsnail as substrate and refuge. However, these 

are examples of an invasive species increasing the 

realized niche of native species, because in these cases 

the exotic species are only providing additional micro-

habitat, not changing any condition of the native spec-

ies’ fundamental niche.   

 Finally, various exotic plant species have a larger 

effect on nitrogen cycling in native ecosystems when 

the species are associated with symbiotic nitrogen-fixers 

(Ehrenfeld 2003). One of the most dramatic examples 

comes from the work of Vitousek et al. (1987) and 

Vitousek and Walker (1989) on the invasion of Morella 

faya in Hawaii. Morella faya is a nitrogen-fixing invas-

ive plant that increases the N input into volcanic soils 

that are N-poor. Changes in N availability favor the 

subsequent establishment of native plants that are able 

to establish only in relatively fertile soils, and otherwise 

unable to establish in volcanic areas. These increases in 

local distribution and number of individuals occurred 

without any reported effect on their tolerance to abiotic 

conditions (i.e., tolerance to soil with low levels of N). 

Therefore, these change only have an effect on the spat-

ial distribution or abundances, and thus changing the 

realized niche of the native species without affecting 

any of the conditions that characterize their fundamental 

niches (Kearney 2006, Pullian 2000).    

 

Discussion 

 

These examples show that interactions with exotic facil-

itators can increase the size of the realized niche by 

increasing the spatial distribution (reducing dispersal 

limitations), or by modifying the physical and chemical 

conditions of the habitats. However, whether the new 

range of conditions experienced by the recipient species 

is greater than that predicted by the fundamental niche is 

uncertain because, in most cases, we do not even know 

what is the fundamental niche. Facilitation may lead to 

an increase in size of the realized niche beyond that of 

the fundamental niche only if niche evolution occurs. 

However, niche evolution would only be possible if 

facilitative interactions were to create novel opportun-

ities, such as those observed in several symbiotic assoc-

iations. For example, the association between several 

vascular plants and fungi [i.e., mycorrhiza, (Wilkinson 

2001)] and bacteria [i.e., Rhizobia, (Denison 2000)] has 

clearly contributed to the expansion of their geographic 

distribution over the fundamental niches of both species. 

Similar examples in which the fundamental niche of a 

species has increased as a result of facilitation are the 

interaction between algae and fungi in lichens, and the 

interaction between coral and zooxanthellae. Only in 

such cases, where neither of the species could persist in 

a new area without the other species, is the realized 

niche occupied by the mutually obligate species greater 

than the fundamental niche occupied by each species in 

isolation from the other.  

 We consider that, since Hutchison (1957) empha-

sized the role of interspecific competition when describ-

ing the realized niche, negative interactions became the 

core of niche theory for over 50 years. A clear example 

is Austin (1999), who described the fundamental niche 

of a species as its distribution in the absence of inter-
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specific competition, and the realized niche as the 

species’ distribution following competition and other 

biotic interactions. Consequently, if the fundamental 

niche were defined only as the physical requirements of 

the species, the realized niche of the species would be 

greater than its fundamental niche in the presence of 

only positive interactions [Bruno et al. (2003) paradox]. 

However, Hutchinson’s definition of the fundamental 

niche included all physical and biological requirements 

for the species to persist (Hutchinson 1957; p. 416). 

Here, we are not suggesting that the inclusion of facil-

itation to niche theory as proposed by Bruno et al. 

(2003) is incorrect. The accomplishment of Bruno et al. 

(2003) in incorporating positive interactions into eco-

logical theory is outstanding and beyond debate. What 

we are suggesting is that facilitation can, and certainly 

does, contribute to the mitigation of negative inter-

actions, but facilitation cannot cause the expansion of 

the realized niche over the fundamental niche. We 

nevertheless show that positive interactions may allow a 

greater filling of the fundamental niche of a species. 

Thus the inclusion of facilitation into niche theory may 

be better characterized as the processes, both physical 

and/or biological, that can expand the n-dimensional 

hypervolume of the realized niche that meets the 

requirements of the fundamental niche, and can alleviate 

the effects of negative interactions and abiotic stress. 
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and biological requirements of the species have not 

changed, neither has its fundamental niche.  

 We agree with Stachowicz (2012) that in symbiotic 

interactions—in which neither of the species could 

persist in a new area without the other species—the 

realized niche occupied by the mutually obligate species 

is greater than the fundamental niche occupied by each 

species in isolation. In our paper we discussed several 

examples of this, including the association between sev-

eral vascular plants and fungi (i.e., mycorrhiza) or 

bacteria (i.e., Rhizobia), the interaction of algae and 

fungi in lichens, and the interaction between coral and 

zooxanthellae. Additionally, we identified the novel n-

dimensional hypervolume of the symbiotic interaction 

as “niche evolution”, but these are special cases of 

positive interactions.  

 In conclusion, the inclusion of positive interaction 

into niche theory may be better characterized as the 

processes, both physical and biological, that can miti-

gate the impacts of abiotic stress and biotic interactions 

and can expand the realized niche inside the limits of

the fundamental niche. Perhaps the only exception is the 

special cases of symbiotic association, which can pro-

mote niche evolution. Finally, we agree with Stach-

owicz (2012) that we need more studies focused on 

niche-expanding effects of positive interactions that 

shed light on this controversy.   
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