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Introduction

Species coexistence has long puzzled evolu-
tionary ecologists (Hutchinson 1961, Chesson 
2000, Clark et al. 2007). It is evident, on the one 
hand, that a large number of species coexist in nat-
ural communities while, on the other hand, eco-
logical theory predicts that coexistence of species 
sharing the same limiting factors would hardly 
be achieved because one of two competitors (Ta-
ble 1) will always overcome the other, leading to 
local extinction or to evolutionary or behavioral 
changes of the subordinate species (Competitive 
exclusion principle: Gause 1934). To solve this 

paradox stated by Hutchinson (1961) more than 
half a century ago, several mechanisms have 
been proposed (Wilson 1990, Holt 2001, Sommer 
and Worm 2002), all intending to explain how 
competitive exclusion may be prevented. These 
mechanisms could be categorized in three types: 
(1) the group suggesting that species avoid com-
petition through resource partitioning by using 
slightly different niches (Table 1) and hence not 
being real competitors (MacArthur and Levins 
1964, Warner and Chesson 1985). Alternative-
ly, the disruption of competitive exclusion has 
been proposed to be based in either (2) exter-
nal processes such as disturbance, predation, or 
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herbivory removing individuals from the domi-
nant species thus releasing competition (Neutral 
models, Hubbell 2001, Bell 2000); or (3) evolu-
tionary trade-offs combined with environmen-
tal heterogeneity that may lead to interspecific 
differences in competitive ability for different 
resources, thus preventing competitive exclusion 
(Buss and Jackson 1979). Some of these mecha-
nisms either lack empirical tests or received sup-
port only in some systems (Wilson 1990, Houle 
et al. 2006). Therefore, the paradox of species co-
existence remains a conundrum in evolutionary 
ecology.

All above mechanisms explaining coexistence 
rely on the classical paradigm that negative 
interactions play the fundamental role in shaping 
communities (Schoener 1983). Only recently pos-
itive interactions (sensu Bertness and Callaway 
1994, Table 1) have been considered to explain co-
existence in intraguild mutualism (Crowley and 
Cox 2011) or between species from different tro-
phic levels (i.e., noncompeting organisms) (Hunter 
and Aarssen 1988). Even in plants, where interac-
tion studies focus on facilitative processes more 
frequently than in animals (Hunter and Aarssen 
1988), studies have largely targeted on either com-
petition or facilitation mechanisms but rarely on 
both (Lortie and Callaway 2009, but see Pugnaire 
and Luque 2001, Callaway et  al. 2002), which is 

challenging because competition and facilitation 
occur at the same time within a given system 
and combine to produce a net interaction effect 
(Callaway 2007). Indeed, theoretical work has sug-
gested that considering facilitation, defined as non-
trophic interactions between organisms that bene-
fit at least one of the participants and does harm 
to neither, may help explaining key paradigms in 
ecology (Bruno et al. 2003). And currently, there is 
a growing trend to consider the effect of positive 
interactions when interpreting the structure of eco-
logical communities (Bertness and Callaway 1994, 
Stachowicz 2001, Bruno et al. 2003, Crowley and 
Cox 2011, McIntire and Fajardo 2014).

Here, we hypothesize that the use of social in-
formation among competing species may help 
explaining their coexistence. Social information 
is extracted from interactions with, or observa-
tions of, other individuals (Wagner and Danchin 
2010), and has been proposed as one of the possi-
ble, but not very common, facilitative mechanisms 
that may promote biodiversity (Parejo et al. 2005, 
McIntire and Fajardo 2014). Social information 
allows individuals to rapidly and inexpensively 
assess local resources and threats, and thus may 
enormously affect individual fitness (Seppänen 
et al. 2007, Schmidt et al. 2010). Our idea is that 
the positive effects of social information use 
in fitness-affecting decisions may, under some 

Table 1. Glossary of terms.

Term Definition

Allee effect Phenomenon characterized by a positive correlation between population size or density 
and the mean individual fitness of a population or species.

Biotic interactions Relationships between two or more species in an ecosystem. They can be classified by the 
direction of their effects as positive, negative or neutral.

 (a) Positive interactions All nonconsumer interactions among two or more species that positively affect at least one 
of the two involved species. At an interspecific level, they may range from facilitation (at 
least one of the species is benefitted, and the other is either not affected (commensalism) 
or benefitted from the interaction (mutualism)) to antagonism (one species is benefitted 
while the other is harmed).

�(b) Negative or agonistic 
interactions

Interactions that have a negative impact on at least one of the interacting species. Examples 
of negative interactions are predation, competition and parasitism.

Coexistence The state of two or more species (or organisms) being found in the same place at the same 
time, such that none eliminates the other.

Competitors Individuals that interact negatively by the use or defense of a limiting factor, which 
reduces availability of this limiting factor for other individuals. Limiting factors may be 
either resources or environmental conditions that limit the growth, abundance, or 
distribution of an organism or a population of organisms in an ecosystem (Smith & 
Smith, 2009). Therefore, competitors might compete for food, for nesting sites, for mates 
or for a enemy-free space.

Niche and niche overlaps The niche of an organism consists of its role in the ecosystem (herbivore, carnivore, producer 
etc.), its tolerance limits (e.g., soil pH, humidity) and its requirements (shelter, nesting 
sites, …) all varying through time. Niche overlaps occur when two organisms use the 
same resources or other environmental variables, that is when they share limiting factors.
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circumstances, counter the negative effects of com-
petition because competitors may provide reliable 
information on limiting factors, and thus favor 
competitors’ coexistence. Notably, only competi-
tors may provide valuable information on shared 
limiting factors (Parejo et al. 2005). Therefore, the 
simultaneous consideration of negative and pos-
itive effects of living close to competitors could 
help explaining species coexistence, and conse-
quently the organization of animal communities.

In this article, we (1) illustrate how the balance 
between positive (through heterospecific social 
information use) and negative (through compet-
itive processes) consequences of living close to 
competitors determines the situations in which 
their coexistence is possible, (2) outline factors 
influencing the value of social information and 
its influence on coexistence, and (3) discuss the 
ecological and evolutionary implications of these 
processes and most fruitful avenues for future 
research on natural communities. We primarily 
focus our discussion on animals; however, the 
proposed mechanism may work for any system 
where competing species could be affected by 
the facilitative aspects of social information, and 
we thus show a few examples with organisms 
others than animals.

Social Information and Ecological 
Theory

Part of the background of the idea that the 
positive effect of social information use may 
favor coexistence had been to some extent ex-
plicitly included in studies on the use of social 
information in animal decision-making for several 
decades (see Elmberg et  al. 1997, Forsman et  al. 
2002, Parejo et  al. 2005, reviewed in Seppänen 
et al. 2007, reviewed in Valone 2007, Parejo et al. 
2012, Loukola et  al. 2013), but had never been 
formulated and developed as a mechanism to 
explain species coexistence within the framework 
of ecological theory. Previous reviews on the 
topic have considered facilitation as a biotic in-
teraction providing benefits, but not prejudicing 
to participants (Bruno et  al. 2003). That is, neg-
ative effects of facilitation, caused for instance 
by the local aggregation of individuals in sites 
with limited resources, have been generally ig-
nored (but see Schoeb et  al. 2014). In contrast, 
we propose here to consider both positive and 

negative fitness consequences of using social 
information by competitors because it may be 
a highly dynamic process. Considering the neg-
ative aspects of facilitative mechanisms, such as 
social information use, changes the implications 
of these positive interactions, and constitutes the 
main difference between our proposal and that 
made by Bruno et  al. (2003) of including facil-
itation into ecological theory.

Social Information Use

Social information can be inadvertently (in-
cluding actions and consequences) or intention-
ally (signals) produced. Inadvertent social 
information results from facts that are unavoid-
ably produced by organisms and may be de-
tected and then used to improve decision-making 
by other organisms (Danchin et  al. 2004). An 
example of inadvertent social information is 
mean local reproductive success of conspecifics, 
which may inform others about local habitat 
quality in terms of food, nest-sites, predation, 
and parasitism risk (Danchin and Wagner 1997). 
On the other hand, intentional information is 
that transmitted by signals, which are traits or 
behaviors which have been selected to transmit 
information (Danchin et  al. 2004). A classic ex-
ample is the alarm signals of birds, which are 
vocalizations produced by threatened individ-
uals aiming to diminish own and relatives’ risk 
of predation. Alarm signals, however, may also 
inadvertently inform on local predation risk to 
nonrelated conspecifics and heterospecifics shar-
ing predators, which may improve their predator 
avoidance. In this sense, signals can also be 
considered inadvertent social information when 
their information is decoded by nonintended 
receivers (e.g., Parejo and Avilés 2007). In both 
cases, social information provides an estimate 
of environmental quality by revealing the out-
come of activities and/or decisions of competitors 
and may, hence, affect individual fitness. There 
is, however, a difference between decisions and 
consequences as sources of social information 
(Seppänen et  al. 2007). Others’ decisions might 
be wrong potentially resulting in maladaptive 
informational cascades (Giraldeau et  al. 2002). 
The consequences of these decisions, however, 
are more likely to accurately reveal the cause 
of the decision, i.e., the assessed resource and 
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hence they are often the preferred cues 
(Giraldeau et  al. 2002, Seppänen et  al. 2007).

Social information is usually cheaper to obtain 
than personal information because individuals 
do not need to explore to get the first while the 
costs and risks of exploration are implicit in gath-
ering personal information (Laland 2004). To be 
profitable, social information must come from 
individuals limited by the same factors, which 
include conspecifics as well as heterospecifics 
with high niche overlap, i.e., competitors (Parejo 
et  al. 2005, Seppänen et  al. 2007). The informa-
tion coming from conspecifics is more accurate 
than that from heterospecifics because conspe-
cifics share more than individuals from different 
species. However, information extracted from 
heterospecifics may be more advantageous be-
cause due to the lower niche overlap, compe-
tition with heterospecifics is likely less intense 
than that with conspecifics. Furthermore, het-
erospecifics are more abundant than conspecif-
ics and thus information from the formers may 
be more easily acquired (Seppänen et al. 2007). 
Here, we will only focus on information coming 
from heterospecifics as the aim was explaining 
species coexistence.

Examples of cues used as sources of hetero-
specific social information are: (1) The presence 
of other organisms indicating preferred habitats 
and hence resource availability (Monkkönen et al. 
1990). For instance, the flat lizard Platysaurus 
broadleyi is attracted to birds feeding on figs, 
that are its preferred food (Whiting and Greef 
1999), so that birds` presence is social informa-
tion indicating to lizards the location of fig trees, 
(2) the local success of heterospecifics, reflecting the 
potential of a site to affect fitness (Nocera et  al. 
2006, Loukola et al. 2013). Loukola et al. (2013) 
demonstrated that the bad-informed migratory 
pied flycatcher (Ficedula hypoleuca) copied the 
nest-site preference of the well-informed resi-
dent great tit (Parus major) experimentally ma-
nipulated to show high fitness, and tended to 
reject sites where great tits exhibited low fitness; 
and (3) alarm signals emitted by individuals of oth-
er species revealing local predation risk (e.g., Parejo 
et al. 2012). For example, an experiment demon-
strated that the migratory scops owl (Otus scops) 
chose breeding sites where little owls (Athene 
noctua) signaled low predation risk through 
their calls (Parejo et al. 2012).

Plants may also rely on social information from 
heterospecifics. For instance, wild tobacco plants 
with experimentally clipped sagebrush neigh-
bors suffer less leaf herbivory than tobacco con-
trols with unclipped neighbors as a consequence 
of induced resistance, which was mediated by 
the release of a volatile hormone by sagebrush 
plants (Karban and Maron 2002). Therefore, facil-
itative processes may occur because some plants 
may gain some benefit by being associated with 
others producing chemicals informing on her-
bivory risk. Finally, the use of social information 
is probably involved in bacteria communication 
(quorum sensing (Diggle et  al. 2007)) through 
chemicals. Therefore, although our review pri-
marily targets on animals, the facilitative aspects 
of social information could well affect other taxa.

Social Information Use and Competitors’ 
Coexistence: A Function of Niche Overlap

Niche overlap among competitors will deter-
mine whether coexistence is or not possible 
(Table  1, Fig.  1). This is so because niche over-
lapping will set the magnitude of the positive 
and negative fitness effects of being close to 
competitors. The competitive exclusion principle 
states that two species competing for the same 
resource cannot, temporal and spatially, coexist 
(Gause 1934) (Fig.  1). Thus, at low levels of 
niche overlap, coexistence would not involve 
a theoretical problem because individuals living 
together would not compete. However, high 
levels of niche overlap will induce high negative 
effects on coexistence through competition, but 
also high beneficial effects through social in-
formation use. The balance between negative 
and positive effects of this interaction will ul-
timately determine the conditions in which 
coexistence is possible. When species overlap-
ping is high, all individuals within a community 
may act, at one time or another, as informers 
and informed and hence be benefactors and 
beneficiaries. In this scenario, social information 
use by competitors could be regarded as an 
example of mutualism because all actors get 
benefits in one moment or another, although 
individuals from the interacting species com-
pete. Relationships among heterospecifics may 
be mutualistic as well when only one species 
provides information, whenever the informed 
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species provides the informant with some ben-
efits different to information. For instance, gobies 
(Cryptocentrus steinitzi) emit warning signals to 
conspecifics under predation risk that are also 
useful for burrowing shrimps (Alpheus sp.). In 
return, burrowing shrimps construct burrows 
for both themselves and gobies (Karplus 1987). 
Also, coexistence can be favored at high levels 
of niche overlap, when one species is the in-
formant and the other the informed one, but 
the informant species has no or low costs when 
sharing information, for instance when infor-
mation is about threats (see below), which could 
lead to situations of commensalism. But, coex-
istence will be prevented whenever just one 
species provides information and this provision 
of information will bring a disadvantage, leading 

to a situation of parasitism (Goodale et al. 2010) 
in which the informant species may try to avoid 
the gathering of information by the informed 
one (Seppänen et al. 2007). All these arguments 
together imply a change in the competitive 
exclusion principle, which could be paraphrased 
now as “competitors using the same niche may 
sometimes coexist if they provide valuable in-
formation to each other” (Fig.  1).

Including the benefits of using social informa-
tion within the niche concept modifies expecta-
tions of the ecological place that a species may 
occupy. Hutchinson (1957) defined fundamental 
niche as the range of environmental conditions 
in which a species can live, and distinguished it 
from the realized niche, or the restricted physical 
space actually occupied by a species after consid-
ering negative interspecific interactions. There-
fore, positive interspecific interactions were not 
included in these concepts (but see Bruno et al. 
2003). We argue that by incorporating the use of 
social information provided by competitors, the 
realized niche may enlarge till the spatial limits 
imposed by the fundamental niche because the 
benefits of using social information may, in some 
circumstances, neutralize the negative effects of 
competition. Eckardt and Zuberbühler (2004) 
provided a nice example illustrating how the re-
alized niche of one species may be enlarged by 
the use of heterospecific social information till 
being as large as the fundamental niche. Study-
ing two forest monkeys, the Diana monkey (Cer-
copithecus diana), and the putty-nosed monkey 
(Cercopithecus nictitans), they discovered that 
despite the intense feeding competition they 
showed, both species formed near-permanent as-
sociations in which the nonresident putty-nosed 
monkey was maintained at very low densities by 
the best competitor Diana monkey. Experimental 
evidence showed that was the information pro-
vided by alarms calls of the subordinate putty-
nosed monkey in response to a very dangerous 
monkey predator which led to tolerance among 
the two species (Eckardt and Zuberbühler 2004), 
apparently because for Diana monkeys’ infor-
mation on threats might be more important than 
competition. In turn, the informant species are 
allowed by the informed one to make use of its 
preferred habitat. Thereby, it seems that by pro-
viding social information to a competitor, putty-
nosed monkeys are allowed to enlarge their 

Fig.  1. Visualizing the level of species tolerance 
(coexistence) as a function of the niche overlap between 
interacting species. Coexistence is less likely to occur 
with increasing niche overlap as a consequence of 
increasing competition (discontinuous line). Adding 
social information use to the model (continuous line) 
coexistence is maintained at an intermediate level 
from medium to high levels of niche overlap because 
only species sharing resources and/or threats may 
provide valuable information. Indeed, the value of 
social information increases with overlapping needs 
and hence coexistence is more likely to be favored. SI: 
Social Information.
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realized niche until the spatial range of their fun-
damental niche, which would be in the absence 
of competitors.

Factors Affecting the Value of Social 
Information Use for Coexistence

Several factors may ultimately determine the 
situations in which competitors’ coexistence is 
possible.

Symmetry of information use
Information use might be structured within 

communities of competitors provided that fa-
cilitative effects are not reciprocal for the two 
sides of the interaction. In such a case, the 
informers and informed individuals will have 
different benefits, and for the informed indi-
viduals, coexistence could be more likely 
achieved than for informers as the latter will 
only suffer the negative effects of competition 
and will not gain the benefits of social infor-
mation. This is usually the case among migrant 
and resident birds because residents are better 
informed on breeding habitats than migrants 
due to a longer available time-window in which 
they can evaluate limiting factors (Monkkönen 
et  al. 1990, Forsman et  al. 2007). The highest 
level of asymmetry in the use of information 
happens when individuals parasitize informa-
tion providers. Parasitism can result in bene-
factors developing defenses against information 
gathering by beneficiaries (Seppänen et al. 2007). 
Thus, informers are expected either to stop 
providing information or to avoid collectors to 
access information by hiding it or by keeping 
themselves far from information collectors, 
which would, in any case, prevent coexistence. 
Thereby, the migratory pied flycatcher uses the 
presence and density of resident tits (Parus sp.) 
to evaluate patch and nest site quality (Forsman 
et  al. 2002). On the other hand, tits cover their 
eggs with hair before incubation, perhaps in 
an attempt to avoid other individuals to collect 
information about the presence and number of 
eggs (Seppänen et  al. 2007), and they defend 
very aggressively nest-boxes against flycatchers 
if they meet in the nest box (Forsman et  al. 
2007). Hence, whenever competition is main-
tained constant, symmetric information use 
will  favor coexistence more than asymmetric 

(Fig. 2a). For instance, white-browed scrubwrens 
(Sericornis frontalis) share with superb fairy-
wrens (Malurus cyaneus) feeding habits, alarm 
system, and predators. Unsurprisingly, they 
both respond to calls of the same and the other 
species and are able to coexist despite being 
competitors (Magrath et  al. 2007).

Density of competitors
Population density is another important factor 

determining the outcome of the interaction 
among competitors. Fitness decreases with in-
creasing competitors’ density as a result of 
resource shortage (Rosenzweig 1981). The pos-
itive effect of using social information will be 
higher at moderate and high population den-
sities than at low population densities when 
informative cues are often unavailable 
(Monkkönen et  al. 1999, Fletcher 2006, Baude 
et  al. 2011). When density of competitors is 
low, both low negative effect of competition 
and low positive effect of social information 
on fitness will be expected, so that the result 
may be slightly positive, neutral, or slightly 
negative as a function of the value of each 
effect in each situation (Fig.  2b). Nevertheless, 
at low density of competitors, coexistence should 
not be a problem because resources would be 
less likely limited. At high competitors’ density, 
the strong negative impact of competition will 
outweigh the benefits of having social infor-
mation available, hindering coexistence 
(Fig.  2b). Finally, at moderate population den-
sities, both the beneficial effects of using social 
information and the negative effects of com-
petition on fitness are likely to be moderate, 
which could lead to either neutral, negative, 
or more frequently positive effects on fitness 
(Forsman et  al. 2002). This dynamic may help 
to understand positive density-dependent effects 
via Allee effect (Table  1). The increased fitness 
experienced by individuals in populations or 
communities at intermediate densities would 
be a consequence of the positive trade-off be-
tween competition costs and benefits of using 
social information. Indeed, some evidence sug-
gests the existence of switches from negative 
to positive density-dependent effects in natural 
populations in response to changes in compet-
itive pressure, either through changes in pop-
ulation densities (Ferrer and Penteriani 2008), 
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or in environmental conditions (Bertness and 
Callaway 1994, Callaway and Walker 1997, Hart 
and Marshall 2013).

Type of information: Competitors informing on 
resources versus threats

Competitors may provide information about 
shared resources such as food and habitat, but 
also about shared threats such as predators and 
parasites. Individuals only compete for resources 
and not for threats. Thereby, social information 

on threats is likely to favor coexistence more 
than social information on resources (Goodale 
et al. 2010) (Fig. 2c). Furthermore, local or tem-
poral flocking in response to information on 
predation risk may be less harmful for infor-
mants than information on resources because 
in the former case, the association will help 
avoiding predation through a dilution effect. 
However, although competitors might benefit 
by sharing information on threats, they should 
overcome in some way the negative effects of 

Fig. 2. Factors affecting species coexistence through their effects on the value of social information and on the 
level of competition. (a) Symmetry of information use: coexistence is more likely to occur when social information 
is useful for all interacting species (right part of the figure) than when one species provides information and the 
other uses it (left part of the figure). In this last scenario, the informant species gets no advantage and however, 
suffers the costs of competition by the aggregation with the other species. (b) Competitors’ density: coexistence 
at low competitors’ density is not a conceptual problem, but it is expected to decrease with increasing density of 
competitors. However, until a certain limiting density, at which competition imposes severe costs, social 
information provided by competitors may counter the negative effects of competition and coexistence may be 
favored. (c) Type of information: social information on threats is likely to favor coexistence more than social 
information on resources because predation is not likely to influence all members of a community as a scarcity 
of a resource may do. (d) Environmental conditions may affect both resource availability and conditions for 
information to be transmitted and gathered. Resource availability may determine the distribution of individuals 
and thus local density of competitors. Therefore, resource availability determined by environmental conditions 
will affect coexistence as density of competitors do (continuous line). On the other hand, coexistence will be 
favored more when environmental conditions favor more the transmission and gathering of information 
(discontinuous line).
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competition for limiting factors. For instance, 
in two sympatric competing birds, the migratory 
scops owl and the resident little owl, it was 
shown that scops owls were attracted to breed 
where the competitor little owl indicates low 
predation risk by its calls (Parejo et  al. 2012). 
Costs of living close to competitors for little 
owls, that are the information providers, were 
not evident and must be low because niche 
overlap for this two species is mainly for nest 
sites and predators, and not much for prey. 
Alternatively, relationships among competitors 
of different species may be mutualistic when 
one of the species informs on threats and the 
other species provides the informer with some 
kind of benefit different to information as, for 
instance, a refuge to live (see above the example 
of gobies and shrimps, Karplus 1987, Goodale 
et  al. 2010).

Environmental conditions
Environmental conditions may tip the balance 

to coexistence or avoidance (Bertness and 
Callaway 1994, Callaway and Walker 1997). In 
plants, positive interactions have been shown 
to increase with stress (Bertness and Callaway 
1994) because when environmental conditions 
are severe, the density of competing plants is 
likely to decrease (following the ideal free dis-
tribution), leading to lower competition. In the 
same vein, the value of social information is 
likely to change with environmental conditions 
due to changes in population densities, being 
high at intermediate densities and maximum 
at high densities, and thus at intermediate and 
good environments (see above). Therefore, we 
would expect that the value of social informa-
tion will exceed the negative effects of compe-
tition, favoring coexistence, mainly in moderated 
environments where competition must also be 
moderate and the number of info-providers will 
be enough to give valuable information on 
limiting factors (Fig.  2d). The environmental 
dependence of the result of the interaction 
among competitors, widely explored when ad-
dressing facilitation among plants, has been, 
however, neglected when studying positive 
interactions among animals. Indeed, aside from 
studies on heterospecific attraction among breed-
ing birds suggesting that positive interactions 
may play an important role in shaping the 

structure of northern bird communities (Elmberg 
et  al. 1997, Monkkönen et  al. 1997), studies 
addressing this topic are surprisingly scarce.

Furthermore, conditions may change the pro-
portion of individuals of each population pro-
viding and using social information, and hence 
determine whether coexistence is possible. With-
in a population, there is individual variability in 
behavior that dictates how individuals will be-
have in certain situations. For instance, individu-
als may either personally assess the environment 
(producer tactic) or rely on the assessment made 
by others (scrounger tactic), and producing social 
information is usually mutually incompatible 
with using it (Giraldeau et al. 2002). Environmen-
tal conditions may determine whether producers 
or scroungers are dominant in the system, and 
hence define the level of tolerance among com-
petitors. For instance, when resources are abun-
dant, then the costs of searching are relatively 
low and thus there will be more producers than 
scroungers, which will benefit interspecific social 
information use based on a good sample of in-
formers and hence coexistence. However, when 
search costs are high due to scarcity of resources, 
then the evolutionary stable strategy will shift 
toward a preponderance of scroungers, disfavor-
ing coexistence.

Finally, environmental conditions may also 
determine the easiness of the information to be 
transmitted due to variation in visual, acoustic, 
and/or chemical transmissibility. These envi-
ronmental conditions may also affect the value 
of social information and hence determine the 
trade-off between costs and benefits of compet-
itors living together (Fig. 2d).

Interacting factors
All these factors may influence the value of 

social information and the intensity of compe-
tition either isolate or simultaneously, so that 
coexistence might be determined by complex 
interactions among them. For instance, the range 
of competitors’ density over which coexistence 
is favored or disfavored depends on whether 
information use is symmetrical or asymmetrical 
(Fig.  3a). When the two interacting species are 
informers and informed at the same time, co-
existence is likely to be easier than when one 
species acts as informant and the other as in-
formed, and this will be so irrespective of the 
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density of competitors (Fig.  3a). Similarly, co-
existence will probably be favored with the 
symmetry of information use more when in-
dividuals inform on threats than when they 
inform on resources (Fig. 3b) because individuals 
sharing only threats have less costs associated 
with competition. Also, abundant resources may 

facilitate coexistence at all levels of density of 
informers since resources increase the carrying 
capacity of ecosystems and thus reduce com-
petition. Therefore, experimental approaches 
with different pairs of competitors (heterospe-
cifics with different level of niche overlap) and 
manipulating the other factors (reciprocity of 
information use, density of competitors, the 
type of social information (on resources or on 
threats), and environmental conditions), either 
alone or in combination, would allow us to 
assess the net effects of competition and social 
information use on fitness and would provide 
empirical evidence on the changing value of 
positive and negative biotic interactions to struc-
ture communities of competitors.

Conclusions

Our main aim was encouraging potential 
studies addressing how the benefits of using 
social information provided by competitors may 
help to explain the enigma of species coexis-
tence. We argue that ecologists will gain deeper 
understanding about the structure of commu-
nities of competitors by considering the recip-
rocal nature of interactions due to the sharing 
of limiting factors. Both, the availability and 
value of social information and the intensity 
of competition, are likely to be affected by 
factors like the level of resource overlap among 
competitors, the symmetry of information use, 
density of competitors, type of limiting factor 
which social information tell on, and environ-
mental conditions. These factors may influence 
the value of social information and the intensity 
of competition either isolate or simultaneously, 
so that these two dimensions determining co-
existence might be a unimodal function of the 
affecting factors in interaction.

The proposed dynamic has evident ecologi-
cal consequences because social information use 
may be playing more than just an anecdotal role 
in structuring animal communities through the 
compensation of competition. In evolutionary 
time, the use of social information in commu-
nities of competitors is likely to promote niche 
overlap, at least when environmental conditions 
are favorable. Summing up, we think that the 
inclusion of positive interactions among ani-
mals (and more generally the reciprocal nature 

Fig. 3. Coexistence level including two factors each 
time potentially affecting the value of social 
information. (a) Density of competitors and symmetry 
of information use: Coexistence is more likely to occur 
when the use of social information is symmetrical 
within the community and population densities are 
low or intermediate. (b) Type of information and 
symmetry of information use: Coexistence is more 
favored under conditions of symmetrical social 
information use regarding threats.
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of interactions), specifically those resulting from 
the gathering and use of social information, in 
models of species tolerance is crucial to achieve 
a realistic view of community organization and 
that it may greatly help to reconcile differences 
between empirical and theoretical studies deal-
ing with the intriguing questions of why and 
how competitors coexist.
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