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Acquiring information from the cues and signals of other
species of the same trophic level is widespread among
animals, and can help individuals exploit resources and
avoid predators. But can such interspecific information
transfer also influence the spatial structure of species
within communities? Whereas some species use hetero-
specific information without changing their position, we
review research that indicates that heterospecific infor-
mation is a driving factor in the formation or mainten-
ance of temporary or stable mixed-species groups.
Heterospecific information can also influence the organ-
ization of such groups, including leadership. Further,
animals sometimes select habitats using heterospecific
information. We survey interspecific information trans-
fer, and evaluate the morphological, ecological and
behavioral factors that make some species information
sources and others information seekers.

From the transfer of genetic information between gener-
ations on an evolutionary timescale, to the acquisition of
environmental information on an ecological timescale, infor-
mation underlies life. At the ecological timescale, animals
have a basic choice: they can acquire information about
resources and predators themselves, or they can gather
such information indirectly from other individuals [1].
Although much information is acquired from members of
the same species, information can also be gathered from
individuals of other species (‘heterospecifics’), and might be
particularly valuable from heterospecifics of the same
trophic level, because these species often require similar
resources and need to avoid similar predators. The cues and
signals produced by other species are part of the ‘public
information’ available to many animals, through which
animals are able to assess habitat, the presence of resources
or potential risks [2,3].

Interspecific information flow has been the focus of
much research recently, particularly because it has been
found that heterospecific signals can be highly informative,
for example about predator type [4] or level of risk [5-7].
Indeed, in a provocative review, Seppédnen et al. [8] pro-
posed that if the information from heterospecifics is similar
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to that from conspecifics, information from heterospecifics
could be more valuable, because heterospecifics might
impose less competitive cost at close distances than con-
specifics. There is a tradeoff here: the closer the two
species’ ecological niches, the more relevant their infor-
mation to each other, but the greater the competition, too.
Consider, however, two species that differ in their foraging
niches, and hence are quite tolerant of each other’s pre-
sence, yet are of the same size and are preyed upon by the
same predator: such species might be highly useful to each
other as sources of information about threats.

A neglected question arising from this work is whether
interspecific information transfer is an important factor in
the structure or assembly of communities (sensu [9]). Here
we examine specifically the consequence of information
transferred among species at the same trophic level on
the formation of mixed-species groups, which we define
broadly as any clustering or aggregation of individuals of
different species in space or time. We do not discuss
information transfer between species from different
trophic levels, such as predator—prey [10] or parasite-host
relationships, as we see for the most part such information

Glossary

Community: The set of organisms that exist in a spatially and temporally
defined area.

Cue: The presence or behavior of an animal that can provide information to
another animal, but has not evolved specifically to provide information to that
animal (see contrast to ‘signal’, below).

Eavesdropping: The use of a signal by an animal that was not the intended
receiver.

Information: Data that, when acquired, reduces an animal’s uncertainty about
environmental or social conditions, and that can be used by the animal to
increase its fitness.

Intended receiver: An animal whose receipt of signal information benefits the
information producer.

Mixed-species group: Any spatiotemporal clustering of individual animals of at
least two different species.

Public information: Cues or signals produced by an animal that can be used by
other animals to assess environmental conditions.

Signal: A feature or behavior of an animal (the ‘signaler’) that has evolved
specifically to provide information. Such information benefits the signaler by
producing an advantageous response in another animal (the ‘intended receiver’).
Trophic level: The position an organism occupies in a food chain, determined
by what it consumes, and what consumes it, classified broadly.

Value of information: The difference in fitness of an animal caused by the
acquisition of information.
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flow mediating interactions that are already occurring, and
producing few reverberations among other species. Like-
wise, information transfer is important in the maintenance
of pairs of mutualists [11], but we do not focus on such
interactions because the direct benefits (nutrition, defense)
often appear to outweigh information benefits.
Mixed-species groups provide tractable models for
broader questions in community ecology, such as predicting
patterns of interaction among species (Box 1). Yet, with a few
exceptions (e.g. see Ref. [12]), the literature on such groups
tends to be dispersed across taxon-specific publications. We
attempt here to survey this literature, and to recognize the
overarching theme of information use in shaping the struc-
ture of mixed-species groups. We begin by describing the
influence of interspecific information transfer on the spatio-
temporal distribution of species, and then assess the
morphological, ecological or behavioral factors that can
produce differences among species in the information that
they make available to other species. Note that by the
phrase ‘make available’ we do not mean to imply that the
animals intentionally provide the information: information
can be provided unintentionally from the simple presence of
an animal, in the cues that it provides through its behavior
to other animals, or in signals that have specifically evolved
to encode information to conspecifics or heterospecifics [13].

The role of interspecific information in mixed-species
groups

Interspecific information can have varying effects on com-
munity structure. Interspecific information can have no
effect whatsoever, be a driving factor in temporary associ-
ations, or form the basis of associations between species
that live together for most of their lives (Figure 1).

No effect on grouping

Some heterospecific information can increase the fitness of
animals yet have little effect on the spatial position of
individuals of different species relative to each other
(Figure 1a). These situations often involve eavesdropping
on information about predators provided in alarm calls,
which warn of immediate danger from a predator and cause
individuals to freeze or flee to cover [14]. Many vertebrates
respond to the alarm calls of other species that have the
same predators but with which they do not form groups
[15,16]. For example, the Galapagos iguana (Amblyr-
hynchus cristacus) responds to alarm calls given by Gala-
pagos mockingbirds (Nesomimus parvulus) despite having
no association with the birds other than living in the same
habitat [17]. Terrestrial organisms often eavesdrop on
acoustic signals, whereas aquatic organisms, some terres-
trial amphibians, and some insects use olfactory alarm
information, such as that elicited by prey being attacked
by a predator or the chemicals released by a damaged or
dead animal [18-20]. In these examples, the animals might
move towards refugia in directions independent of the
source of information, or might scatter away from the area
of attack; regardless, long-term movements are not affected.

Temporary groups
Some information about predators concerns an on-going
threat, rather than imminent danger, and can result in

Trends in Ecology and Evolution Vol.xxx No.x

Box 1. Mixed-species groups as models for community
ecology.

Community ecology often defines the community as all of the
organisms living in an area [9], and mixed-species groups, which
represent subunits of the full community, have not typically been a
focus of the field. However, the large questions of community
ecology are applicable to mixed-species groups: are such associa-
tions just random sub-samples of the community or are they
structured by interspecific interactions [80,81]? In fact, mixed-
species groups can be particularly good models for community
ecology for two reasons. First, given a reasonable definition of what
a mixed-species group is in the field (i.e. what is the maximum
distance between members of different species and how long does
an individual have to remain with the group?), any member of the
overall community can be classified unambiguously as either inside
the mixed-species group or not. Second, mixed-species systems can
be found throughout the world, which offers an opportunity to look
for universal patterns among communities that have different
evolutionary histories [34]. The overall objective of research in
mixed-species groups is clear: given a list of species in an area, and
some selected morphological, ecological or behavioral character-
istics of those species, researchers should be able to predict which
species interact together in mixed-species groups (Figure I).

TRENDS in Ecology & Evolution

Figure |. Examples of mixed-species groups. (a) Mixed flock of willets
(Catoptrophorus semipalmatus) and marbled godwits (Limosa fedoa) in a
marsh in western U.S.A. Photo credit: Ingrid Taylar. (b) Mixed school of fish in
saltwater lagoon in western U.S.A. Top: sand bass (Paralabrax nebulifer),
bottom: kelp bass (Paralabrax clathratus). Photo credit: Raphael Mazor. (c)
Several species of stingless bees foraging at an artificial feeder in Panama.
From left to right: Partamona peckolti, Scaptotrigona barrocoloradoensis, and
Plebia franki. Photo credit: James C. Nieh. (d) Giraffe (Giraffa camelopardalis)
and Burchell’s zebra (Equus burchelli) group together on a floodplain in
Tanzania. Photo credit: Tim Caro.

temporary associations among species. For example,
animals produce mobbing calls upon detecting a predator
not posing immediate danger [14], and these attract both
conspecifics and heterospecifics. The calls therefore result
in temporary mixed-species groups that monitor and har-
ass the predator (Figure 1b [14,21]). Heterospecific mob-
bing is mainly described in birds, but can also occur in
other vertebrates, such as among primates [22]. Mobbing
groups do not appear to be chance subsets of the species in
an area, without any organization; rather, which species
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Figure 1. Different kinds of movement and spatial patterns among species, with
different species being represented by different colors. ‘Initial movement’ is
movement in response to acquisition of information from another species,
whereas ‘subsequent movement’ is movement after the initial response. (a) In
some instances, such as response to heterospecific alarm, initial movements
towards refugia might appear random, or movement might be away from the
place of attack; later movements are not affected. Solid arrows indicate initial
movement and dashed arrows indicate subsequent movement. (b) Temporary
groups among species occur around predators (‘mobbing’) or around food
sources; information transfer can be vital in forming or maintaining such groups.
(c) Stable mixed-species groups can either be (i) roving groups or (ii) mixed-
species nesting or roosting colonies. Information transfer among species plays a
role both in the composition of these groups and their organization. Dots represent
a stable center of movement. (d) Species can select appropriate habitat by cueing
in on the presence or behavior of heterospecifics, a phenomemon known as
‘heterospecific attraction’. Enclosed areas represent habitat patches. In both (b)
and (d), information transfer can result in mixed-species grouping or dispersion
(see main text).

join and initiate mobbing might be related to the vulner-
ability of the species to predation [21,23]. Thus, inter-
specific information influences the organization as well
as the presence of mixed-species groups, a theme we will
return to in discussing stable mixed-species groups as well.

Information about resources will often last longer than
that about predators, and species can use such resource
information to adjust their location, either by aggregating
at resources or avoiding locations where resources have
been depleted. One of the central models for studying such
behavior is pollinating insects, which can use the sight or
smell of other insect species to find rich food sources or to
avoid flowers that have been visited [24-26]. For example,
the sweat bee Halictus aerarius can avoid flowers depleted
of nectar by recognizing and avoiding the olfactory cues left
by either conspecific or heterospecific bees that have
already collected from these flowers [27]. When insects
are attracted towards other species, one result can be
multi-species groups (Figure 1b [28]). Another outcome
is that a dominant species usurps the resources of other
species: for example, the stingless bee Trigona spinipes can
eavesdrop on olfactory marks that a subordinate species
has placed on rich resources and then dominates the
resources, excluding other species [29].

Temporary mixed-species groups connected to resources
are widespread among taxa. In addition to pollinating
insects, mixed-species groups have been reported in rep-
tiles that gain cues from birds [30] and ants that share odor
trails with heterospecifics [31]. In birds, research has
focused on species that feed on carrion [32] or schools of
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fish [33]. In these groups, aggressive, dominant or klepto-
parasitic species often gain cues from the presence of
subordinates [32,33], in a similar manner to the example
of stingless bees above.

Stable groups

In contrast to temporary groups, many species form stable
mixed-species groups that persist regardless of the tempor-
ary distribution of threats or resources (Figure 1c¢). Such
groups are found in birds [34], fish [35], insects [31], and
mammals [36]. Mixed-taxa groups can be found as well,
such as groups of hornbills and mongooses in Africa [37].
Such stable groups can be mobile (e.g. flocks or herds), or
can stay in one place (e.g. colonies or roosts). There are
several potential information benefits to joining mixed-
species groups (Box 2). In brief, mixed-species groups
can provide information but with lower competition for
resources than experienced within single-species groups,
and different species can produce information with differ-
ent characteristics leading to an accumulation of infor-
mation in a mixed-species group. In addition, different
species can increase the overall group size, or grouping
between species that are similar in their appearance can
enhance the effectiveness of anti-predator behavior.

Box 2. Benefits to individuals in mixed-species groups.

One of the primary benefits to mixed-species, as opposed to single-
species, groups is that because different species have different
niches, individuals might gain group benefits with less competition
[82]. So if heterospecifics can give some of the information benefits
that conspecifics can give (for example, information about predation
available in calls of frogs [83]) individuals might prefer mixed-
species groups over single species ones.

A second argument for mixed-species groups is that the different
species can detect information in different ways, and therefore the
sum of information in a mixed-species group could make indivi-
duals more aware of environmental conditions than they would be
in a single-species group. For example, different species in a mixed-
species flock of birds can inhabit different layers of a forest, and
therefore be aware of different kinds of threats [84], or species can
differ in the information content of their signals [73]. Mixed-species
groups can also allow larger groups (and consequently higher
vigilance) than conspecific groups, as conspecific group size can be
constrained by social factors such as territoriality [85] or low
abundance [86].

A different set of hypotheses relating interspecific information
transfer to mixed-species entails groups forming from species that
resemble each other. Such groups have been reported in birds [87]
and in fish [88]. Two potential reasons for such associations involve
interspecific information transfer. First, if all the species share the
same signaling mechanisms (due to shared ancestry, as has been
suggested for alarm chemicals in fish [89], or convergent evolution,
as has been suggested for the alarm calls of birds [90]) they can
communicate in the same way as do conspecifics, although the
mixed-species group can allow larger group size. Second, informa-
tion transfer in this case might be aimed at a receiver at another
trophic level, the predator. Predators might be better able to detect
and attack animals that do not look like the others in a group (a
phenomenon known as the ‘oddity effect’ [91], but see Ref. [88]).
Alternatively, some or all species in the group might be distasteful
or toxic, while others employ Batesian or Millerian mimicry to avoid
predators [92].

In the hypotheses above, all the different species in the flock are
treated equally. Species differ, however, in their information-
producing capacity which can lead to species that are poor
information detectors following species that are good information
producers.
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Many of the examples in Box 2 relate to information
about predation; the evidence for the transfer of infor-
mation about resources in mixed-species groups is more
limited. A famous attempt to link the existence of mixed-
species groups to information was made by Ward and
Zahavi [38], who proposed that colonies or roosts of birds,
both single species and mixed species, could serve as
‘information centres’ to locate clumped food patches.
Specific support for their argument has proven evasive
[39], and for mixed-species bird flocks, information about
food resources can only be useful if the species have similar
niches and foraging techniques, a situation that occurs
most frequently if species are closely related or morpho-
logically similar [40,41]. Learning about resources from
heterospecifics has been reported, however, for mixed-
species shoals of fish [42,43].

Most of the adaptive hypotheses for the formation of
stable mixed-species groups presented in Box 2 assume all
species contribute information equally, but such groups
can also result from asymmetric information transfer,
particularly about predation risk.

Asymmetric information transfer can influence the
organization of the groups, including which species lead
groups or initiate their formation and which species follow
or join groups. A common pattern is for less vigilant species
to follow or join more vigilant ones and eavesdrop on their
alarm calls. Many examples of such relationships come
from studies of birds in mixed-species nesting colonies [44]
or mixed-species flocks [45-47], but similar patterns can be
found in mixed-groups of mammals such an ungulates and
primates [48,49].

In groups with asymmetric information transfer, the
joining species can be commensal or even parasitic on the
information-providing species; for example, woodpeckers
and nuthatches often follow chickadees in North America,
listening to the chickadees’ alarm notes, and sometimes
supplanting the subordinate chickadees at food sources
[45,50]. However, relationships can be mutualistic if the
joining species provides a different type of benefit than
information. For example, hornbills give alarm calls that
inform mongooses of predators, whereas the mongooses
disturb (‘flush’) insects into the open, allowing the birds to
eat them. Similarly, gobies provide tactile information
about predators to alpheid shrimps, which dig the burrows
in which they live [51].

Stable geographic distribution

Until now, we have been discussing the spatial position of
animals relative to each other within habitats. At a larger
geographic spatial scale, interspecific information can be
important in habitat selection (Figure 1d). Migrating
species can chose where to settle based on the presence
of other species that share their habitat requirements, a
pattern that occurs in both amphibians [52,53] and birds
[54,55]. Animals can choose to settle near other species
(‘heterospecific attraction’), but can also be repelled by
dominant heterospecifics [56]. Animals can also gather
cues of the reproductive success or behavior of other species
as well as of their presence [57]. A fascinating example is
that of red-backed shrikes (Lanius collurio) that use lar-
ders of impaled prey made by great grey shrikes (Lanius
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excubitor) to choose where to settle [58]. One might expect
that species that overlap in their habitat requirements
would be equally good sources of information to each other.
However, there could also be asymmetric transfer of infor-
mation if some species are better or faster at assessing
resources (a simple example would be a species that is
already present in a habitat when another species arrives
[54]).

Differences among species in information provided to
heterospecifics

Although mixed-species associations can occur among
species that have the same information-generating
capacities (Box 2), many groups also occur between species
producing information and species seeking that infor-
mation (for example, where non-vigilant animals follow
vigilant ones). Here we consider what morphological, eco-
logical or behavioral factors can underlie differences
among species in the information available to heterospe-
cifics.

The provision of useful information to another species
requires that: (1) an animal gathers information about the
environment, (2) it produces information either as a cue or
as a signal, and (3) the information is acquired by another
species (Table 1 [59]). For example, an individual might (1)
detect a predator, (2) flee noisily from that predator (like
the ‘wing-whistle’ of fleeing crested pigeons, Ocyphaps
lophotes [60]), or make an alarm call, and so (3) alert
heterospecifics. Species can vary in the acuity and accuracy
with which they gather information, the proportion of
information gathered that is converted into signals or cues,
and the efficiency with which these signals or cues are
detected by other species. There can be differences among
species at each stage. We provide detailed information and
examples in Box 3, but here focus on two issues related to
how information accuracy and value can differ between
stages.

First, the accuracy of information available to a hetero-
specific depends on both the information gathering and
production stage. Species can differ in the percentage of
detections they make that are false, such as when individ-
uals give ‘false alarms’ to harmless stimuli that they mis-
take as threatening [16,61]. Animals can also differ in the
percentage of signals that are not prompted by a perceived
threat, such as when individuals give ‘false alarms’ to
manipulate other species [62-64]. In the first instance
information is inaccurately gathered, whereas in the sec-
ond it is inaccurately produced.

Second, the value of the information (sensu [65]) can
differ at two different steps in the process. The value of the
information gathered directly from the environment can
vary among species: those that have a particularly strong
need for a resource or are highly vulnerable to a particular
threat might expend more energy in detecting it. For
example, birds that build vulnerable open-cup nests can
be particularly strong mobbers [66]. The value of the
information can also vary for heterospecific receivers; some
classes of information, such as alarm calls, might have
larger effects on heterospecific receivers’ fitness than other
classes of information. The value of the information to the
receiver also depends on the overlap between the stimuli of
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Table 1. Interspecific information transfer outlined as a three-step process: information detection, information production, and
information transmission. Qualities of the information provided by the information producer are shown for each step of this
process: a plus [+] sign indicates that enhancement of that quality results in enhancement of information transfer. The
morphological, ecological or behavioral attributes of the information producing species that underlie difference in information
detection, production and transmission are also shown (see also Box 3). Plus signs [+] indicate that an enhancement of that attribute
improves the quality of the information, whereas minus signs [—] decrease the quality; [+/—] indicates situations in which either

could occur.

Stage of interspecific information transfer

Detection by information
producer

Production by information producer

Detection by heterospecific
receiver

Qualities of information 1. Sensitivity of detection [+]
(% of stimuli detected)

2. Accuracy of detection [+]
(% of detections that were
associated with actual stimuli)
3. Value of information for

the information producer [+]

1. Propensity to produce information [+]
(% of detections turned into information)
2. Accuracy of production [+]

(% of information produced that

was stimulated by a detection)

1. Propagation of information [+]
(% of information detected by
heterospecific receivers)

2. Value of information for the
heterospecific receiver [+]

1. General morphology [+/—]
2. Sensory physiology [+/—]
3. Foraging ecology [+/—]

4. Number of individuals [+]

Morphological, ecological,
or behavioral attributes of
information producing

species that influence the
quality of the information

1. Conspecific audience [+]

1. Conspicuousness [+]
2. Dominance [—]

importance to the receiver and the stimuli of importance to
the information-generating species. Receivers should only
value those signals or cues that encode information about
stimuli of importance to themselves [16].

A final issue in discussing information asymmetries is
whether the relationship between information producers
and heterospecific receivers is analogous to that between
producers (P), who find resources themselves, and scroun-
gers (S), who cue off producers, in P-S models (e.g. see Ref.
[67]). Multispecies groups break the fundamental assump-
tions of P-S models in that group members are probably not
able to choose between tactics: species are likely con-
strained by their morphology, ecology and behavior to
produce information of a certain quality (see Table 1).
However, the relative quality of the species’ information
production, compared to other species, could change
depending on the composition of the group that individuals
of that species participate in. This possibility emphasizes
the importance of dominance: dominant species might be
able to select mixed-species groups in which they can act as
information seekers, whereas subordinate species might be
trapped in producing roles.

Testable hypotheses related to interspecific information
transfer
The differences among species in information gathering,
production and transmission suggest some simple, testable
hypotheses. For example, in Box 3 we argue that the
conspecific audience of an information-producing species
affects the production stage of interspecific information
transfer, that its conspicuousness affects the transmission
stage, and that the overlap between the niches of the
information producer and the heterospecific receiver
affects the value of information for the receiver. Given
these effects, generalist species that live in large, kin-
structured conspecific groups should be the most attractive
information providers to a wide range of other species.
Another class of testable hypotheses is related to
whether the information producer benefits from the het-
erospecific audience or not. We hypothesize that species

that suffer a cost from their associates, such as subordinate
species subject to parasitism by dominants, should reduce
the conspicuousness of their signals, with the limitation
that the signals still be effective to conspecifics. For
example, a specific hypothesis that requires testing is that
olfactory eavesdropping on odor trails might have led bee
species to evolve less conspicuous mechanisms of finding
resources, such as odor marking the food source only, or
even limiting communication to inside the nest [29,68]. By
contrast, if information producers benefit from their associ-
ates, they should increase the conspicuousness of their
signals, and preferentially use them when a heterospecific
audience is present. Potential examples of this last hypoth-
esis include drongos (Dicruridae), a particularly vocal
family of birds that usually associate with other animals
and benefit by foraging on flushed insects. They have been
observed to make more alarm calls when other species are
present [63], and to imitate other species, attracting het-
erospecifics towards them [69].

In addition to variation among species in production of
information, it is important to consider variation among
heterospecific receivers of that information: under what
circumstances does a species decide to detect resources
itself as opposed to using heterospecific information? We
hypothesize that socially subordinate species should invest
more energy into acquisition of information directly from
the environment, or invest in the sensory machinery to do
so, whereas dominant species should invest more in seek-
ing cues or eavesdropping on the signals of heterospecifics.
A related question is whether one can classify species by
their reliance on heterospecific information. It might be
possible to distinguish between heterospecific information
use that is opportunistic (i.e. any individual or species can
in theory obtain the information, but it is just a matter of
which individual is at the right place at the right time),
biased (i.e. some species are better at providing certain
types of information than others) and obligatory (i.e. there
is no other way to obtain the information except from
heterospecifics). This last obligatory class of heterospecific
receivers appears to be rare [70], with the only example we
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Box 3. Morphological, ecological and behavioral factors
that affect information provision to heterospecifics.

Species can differ from each other in a number of morphological,

ecological, and behavioral ways that produce variation in the

amount and quality of the information they provide to hetero-
specifics. Differences relate to information detection, production or

transmission (see also Table 1).

Information detection:

a) General morphology. The overall body plan of a species can lead

to superior resource or predator detection. For example, the

ability to fly allows birds to find patchily distributed food faster

than lizards [30].

Sensory physiology. Some species are better at detecting

resources or threats than others. For example, turkey vultures

(Cathartes aura) search by smell and usually find resources more

quickly than visually searching black vultures (Coragyps atratus),

which instead take cues from the turkey vultures [32].

Foraging ecology. The spatial position of a species or its foraging

technique can affect resource or predator detection. For example,

birds that catch insects in the air are constantly scanning and

more likely to detect predators [62,73].

Number of individuals. Species with larger group sizes will be

more likely to rapidly detect predators [14], patchily distributed

food resources [93], or nest sites [94]. Leader species of mixed-
species flocks tend to be gregarious [95] and large colonies of

stingless bees can quickly find food sources [96].

Information production:

e) Conspecific audience. Species will be strong information produ-
cers if they have an important conspecific audience: kin or mates
[97] or familiar individuals that reciprocate [98]. This could
explain why leading species in mixed-species flocks of birds are
not only gregarious but also tend to be cooperative breeders [34]
or why most species that make alarm calls are social [15].

Information transmittance:

f) Conspicuousness. Conspicuous species can be detected at long

range. For example, the presence of albatrosses serves as a good

indication of fish [99]. Similarly, the loud calls of a tanager can be

used by other species to find fruit [100].

Dominance. While dominant species can use subordinate

species to find and exploit food locations, the opposite is often

not true. Dominant species of stingless bees have been shown to
use the presence or chemical cues of subordinate species to find
food, whereas subordinates avoid resources that dominants

frequent in order to avoid physical attack [28,29].

g
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know of being that of the alpheid shrimp that relies on its
goby partner to detect danger, and perishes without it
[61,71].

Conclusions
Information flow between species can influence the pos-
ition in space and time of different species, whether it be
temporary groups around a predator or resource or stable
associations between species in mixed-species groups or
between species with shared territorial locations. Although
animals can associate in groups of species that share
information equally, information transfer in groups is
often asymmetrical, flowing from information sources to
information seekers. The differences among species in the
information available to other species are driven by major
interspecific morphological, ecological and behavioral
differences, which determine the value of information
and the manner in which animals gather, produce and
transmit that information.

There is currently too little information, much of it
qualitative, on the relationship between information and
community structure. Suggestions as to why some species
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play important roles in mixed-species associations are
often qualitative and untested, and there is a danger in
accepting just-so’ stories simply because they are plaus-
ible. We need data that specifically compare species in the
information they can provide to other species. A start has
been made in this direction in comparing the alarm calls of
birds and heterospecific responses to them [16,72-74].

A second step in future research is to better quantify the
associations among species and their dependence on each
other. Whereas information on the dependence of species
in mutualisms is often well studied, the interdependencies
of species in mixed-species groups are less well understood.
Species can either be experimentally removed from sys-
tems [75] or their presence simulated [6] to better under-
stand their effects on others. Alternatively, the co-
occurrence of species can be compared to null models
[12,76], or mixed-species associations examined through
social network theory [77]. A final step for research then
would be to determine whether information production
actually predicts species associations, specifically investi-
gating the issues outlined above in ‘testable hypotheses.’

The question of information and community structure is
not purely an academic one. As conservation strategies
progress from species-by-species plans to community-wide
management [78], it is essential to understand the inter-
dependencies of species, and whether certain species play
keystone roles [79]. Since the evidence is strong that
interspecific information transfer influences the distri-
butions of animals relative to each other, as evidenced
by the number of studies referenced herein, knowledge
of interspecific information might aid to conserve current
global biodiversity and plan how to respond to environ-
mental change.

Acknowledgements

We would like to thank Jack W. Bradbury, Grant E. Brown and Tim Caro
for their discussion of these issues, and Bruce E. Byers, Uromi M. Goodale
and three anonymous reviewers for improvement of the manuscript. EG is
grateful for the assistance of the Jeffrey Podos lab at the University of
Massachusetts, Amherst, and the support of the National Science
Foundation (NSF USA; IFRP 0601909). RDM’s work on interspecific
communication is supported by an Australian Research Council Discovery
grant. JCN is grateful for the support of NSF (USA) IBN 0545856.

References

1 Dall, S.RX. et al. (2005) Information and its use by animals in
evolutionary ecology. Trends Ecol. Evol. 20, 187-193

2 Danchin, E. et al. (2004) Public information: from nosy neighbors to
cultural evolution. Science 305, 487-491

3 Valone, T.J. (2007) From eavesdropping on performance to copying
the behavior of others: a review of public information use. Behav. Ecol.
Sociobiol. 62, 1-14

4 Rainey, H.J. et al. (2004) Hornbills can distinguish between primate
alarm calls. Proc. R. Soc. London B Biol. Sci. 271, 755-759

5 Templeton, C.N. and Greene, E. (2007) Nuthatches eavesdrop on
variations in heterospecific chickadee mobbing alarm calls. Proc.
Natl. Acad. Sci. U. S. A. 104, 5479-5482

6 Bell, M.B.V. et al. (2009) The value of constant surveillance in a risky
environment. Proc. R. Soc. London B Biol. Sci. 276, 2997-3005

7 Fallow, P.M. and Magrath, R.D. (2010) Eavesdropping on other
species: mutual interspecific understanding of urgency information
in avian alarm calls. Anim. Behav. 79, 411-471

8 Seppénen, J-T. et al. (2007) Social information use is a process across
time, space and ecology, reaching heterospecifics. Ecology 88, 1622
1633

9 Morin, P.J. (1999) Community Ecology, Blackwell Science



TREE-1222; No of Pages 8

Review

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Caro, T.M. (1995) Pursuit-deterrence revisited. Trends Ecol. Evol. 10,
500-503

Morales, M.A. et al. (2008) Acoustic alarm signaling facilitates
predator protection of treehoppers by mutualist ant bodyguards.
Proc. R. Soc. London B Biol. Sci. 275, 1935-1941

Graves, G.R. and Gotelli, N.J. (1993) Assembly of avian mixed-species
flocks in Amazonia. Proc. Natl. Acad. Sci. U. S. A. 90, 1388-1391
Maynard Smith, J. and Harper, D. (2003) Animal Signals, Oxford
University Press

Caro, T.M. (2005) Antipredator Defenses in Birds and Mammals,
University of Chicago Press

Lea, AJ. et al. (2008) Heterospecific eavesdropping in a nonsocial
species. Behav. Ecol. 19, 1041-1046

Magrath, R.D. et al. (2009) An avian eavesdropping network: alarm
signal reliability and heterospecific response. Behav. Ecol. 20, 745-752
Vitousek, M.N. et al. (2007) Heterospecific alarm call recognition in a
non-vocal reptile. Biol. Lett. 3, 632-634

Wisenden, B.D. and Stacey, N.E. (2005) Fish semiochemicals and the
evolution of communication networks. In Animal Communication
Networks (McGregor, P.K., ed.), Cambridge University Press, pp.
540-567

Ferrari, M.C.O. and Chivers, D.P. (2008) Cultural learning of predator
recognition in mixed-species assemblages of frogs: the effect of tutor-
to-observer ratio. Anim. Behav. 75, 1921-1925

Schorkopf, D.L.P. et al. (2009) Mandibular gland secretions of
meliponine worker bees: further evidence for their role in
interspecific and intraspecific defence and aggression and against
their role in food source signalling. J. Exp. Biol. 212, 1153-1162
Nolen, M.T. and Lukas, J.R. (2009) Asymmetries in mobbing
behaviour and correlated intensity during predator mobbing by
nuthatches, chickadees and titmice. Anim. Behav. 77, 1137-1146
Gautier-Hion, A. and Tutin, C.E.G. (1988) Simultaneous attack by
adult males of a polyspecific troop of monkeys against a crowned hawk
eagle. Folia Primatol. 51, 149-151

Forsman, J.T. and Ménkkénen, M. (2001) Responses by breeding birds
to heterospecific song and mobbing call playbacks under varying
predation risk. Anim. Behav. 62, 1067-1073

Richter, M.R. and Tisch, V.L. (1999) Resource choice of social wasps:
influence of presence, size and species of resident wasps. Insect. Soc.
46, 131-136

Stout, J.C. and Goulson, D. (2001) The use of conspecific and
interspecific scent marks by foraging bumblebees and honeybees.
Anim. Behav. 62, 183-189

Reader, T. et al. (2005) Inter-order interactions between flower-
visiting insects: foraging bees avoid flowers previously visited by
hoverflies. J. Insect Behav. 18, 51-57

Yokio, T. et al. (2007) The use of heterospecific scent marks by the
sweat bee Halictus aerarius. Naturwissenschaften 94, 1021-1024
Slaa, E.J. et al. (2003) The use of field-based social information in
eusocial foragers: local enhancement among nestmates and
heterospecifics in stingless bees. Ecol. Entomol. 28, 369-379

Nieh, J.C. et al. (2004) Olfactory eavesdropping by a competitively
foraging stingless bee, Trigona spinipes. Proc. R. Soc. London B Biol.
Seci 271, 1633-1640

Whiting, M.J. and Greeff, J.M. (1999) Use of heterospecific cues by the
lizard Platysaurus broadleyi for food location. Behav. Ecol. Sociobiol.
45, 420-423

Menzel, F. et al. (2008) Selective interspecific tolerance in tropical
Crematogaster-Camponotus associations. Anim. Behav. 75, 837-846
Buckley, N.J. (1996) Food finding and the influence of information,
local enhancement, and communal roosting on foraging success of
North American vultures. Auk 113, 473-488

Camphuysen, C.J. and Webb, A. (1999) Multi-species feeding
associations in North Sea seabirds: jointly exploiting a patchy
environment. Ardea 87, 177-198

Sridhar, H. et al. (2009) Why do birds participate in mixed-species
foraging flocks? A large-scale synthesis. Anim. Behav. 78, 337-
347

Ward, A.J.W. et al. (2002) Mixed-species shoaling in fish: the sensory
mechanisms and costs of shoal choice. Behav. Ecol. Sociobiol. 52, 182—
187

Stensland, E. et al. (2003) Mixed species groups in mammals. Mamm.
Rev. 33, 205-223

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62
63

65

Trends in Ecology and Evolution Vol.xxx No.x

Rasa, O.A.E. (1983) Dwarf mongoose and hornbill mutualism in the
Taru Desert, Kenya. Behav. Ecol. Sociobiol. 12, 181-190

Ward, P. and Zahavi, A. (1973) The importance of certain assemblages
of birds as “information-centres” for food-finding. Ibis 115, 517-534
Richner, H. and Heeb, P. (1995) Is the information center hypothesis a
flop? Adv. Stud. Behav. 24, 1-45

Krebs, J.R. (1973) Social learning and the significance of mixed-
species flocks of chickadees (Parus spp.). Can. J. Zool. 51, 1275-1288
Caldwell, G.S. (1981) Attraction to tropical mixed-species heron
flocks: proximate mechanism and consequences. Behav. Ecol.
Sociobiol. 8, 99-103

Coolen, I. et al. (2003) Species difference in adaptive use of public
information in sticklebacks. Proc. R. Soc. London B Biol. Sci. 270,
2413-2419

Karplus, I. et al. (2007) Social facilitation of learning in mixed-species
schools of common carp Cyprinus carpio L. and Nile tilapia
Oreochromis niloticus (L.). J. Fish Biol. 71, 1023-1034

Burger, J. (1984) Grebes nesting in gull colonies: protective
associations and early warning. Am. Nat. 123, 327-337

Sullivan, K.A. (1984) Information exploitation by downy woodpeckers
in mixed-species flocks. Behaviour 91, 294-311

Ragusa-Netto, J. (2002) Vigilance towards raptors by nuclear species
in bird mixed flocks in a Brazilian savannah. Stud. Neotrop. Fauna
Environ. 37, 219-226

Greig-Smith, P.W. (1981) The role of alarm responses in the formation
of mixed-species flocks of heathland birds. Behav. Ecol. Sociobiol. 8,
7-10

Noé, R. and Bshary, R. (1997) The formation of red colobus-diana
monkey associations under predation pressure from chimpanzees.
Proc. R. Soc. London B Biol. Sci. 264, 253-259

Fitzgibbon, C.D. (1990) Mixed-species grouping in Thomson’s and
Grant’s gazelles: the antipredator benefits. Anim. Behav. 39,1116-1126
Waite, T.A. and Grubb, T.C., Jr (1988) Copying of foraging locations in
mixed-species flocks of temperate-deciduous woodland birds: an
experimental study. Condor 90, 132-140

Karplus, I. (1987) The association between gobiid fishes and
burrowing alpheid shrimps. Oceanogr. Mar. Biol. 25, 507-562
Diego-Rasilla, F.J. and Luengo, R.M. (2004) Heterospecific call
recognition and phonotaxis in the orientation behavior of the
marbled newt, Triturus marmoratus. Behav. Ecol. Sociobiol. 55,
556-560

Pupin, F. et al. (2007) Discrimination of toad calls by smooth newts:
support for the heterospecific attraction hypothesis. Anim. Behav. 74,
1683-1690

Thomson, R.L. et al. (2003) Positive interactions between migrant and
resident birds: testing the heterospecific attraction hypothesis.
Oecologia 134, 431-438

Mukhin, A. et al. (2008) Acoustic information as a distant cue for
habitat recognition by nocturnally migrating passerines during
landfall. Behav. Ecol. 19, 716-723

Fletcher, R.J., Jr (2008) Social information and community dynamics:
nontarget effects from simulating social cues for management. Ecol.
Appl. 18, 1764-1773

Parejo, D. et al. (2005) The heterospecific habitat copying hypothesis:
can competitors indicate habitat quality? Behav. Ecol. 16, 96-105
Hromada, M. et al. (2008) Settling decisions and heterospecific social
information use in shrikes. PLOS ONE 3, 3930 DOI: 10.1371/
journal.pone.0003930

Bradbury, J.W. and Vehrencamp, S.L. (1998) Principles of Animal
Communication, Sinauer Associates

Hingee, M. and Magrath, R.D. (2009) Flights of fear: a mechanical
wing whistle sounds the alarm in a flocking bird. Proc. R. Soc. London
B Biol. Sci. 276, 4173-4179

Beauchamp, G. and Ruxton, G.D. (2007) False alarms and the
evolution of antipredator vigilance. Anim. Behav. 74, 1199-1206
Munn, C.A. (1986) Birds that ‘cry wolf. Nature 391, 143-145
Ridley, A.R. et al. (2007) Interspecific audience effects on the alarm-
calling behaviour of a kleptoparasitic bird. Biol. Lett. 3, 589-591
Satischandra, S.H.K. et al. (2010) Assessing “false” alarms by a drongo
(Dicrurus paradiseus) in mixed-species bird flocks. Behav. Ecol. (in
press), DOI:10.1093/beheco/arp203

Stephens, D.W. (1989) Variance and the value of information. Am.
Nat. 134, 128-140


http://dx.doi.org/10.1371/journal.pone.0003930
http://dx.doi.org/10.1371/journal.pone.0003930

TREE-1222; No of Pages 8

66 Roell, A. and Bossema, I. (1982) A comparison of nest defense by
jackdaws, rooks, magpies and crows. Behav. Ecol. Sociobiol. 11, 1-6

67 Beauchamp, G. (2008) A spatial model of producing and scrounging.
Anim. Behav. 76, 1935-1942

68 Nieh, J.C. (2009) Convergent evolution of food recruitment
mechanisms in bees and wasps. In Organization of Insect
Societies: From Genome to Sociocomplexity (Gadau, J. and Fewell,
J.H., eds), pp. 264-286, Harvard University Press

69 Goodale, E. and Kotagama, S.W. (2006) Vocal mimicry by a passerine
bird attracts other species involved in mixed-species flocks. Anim.
Behav. 72, 471-477

70 Kostan, K.M. (2002) The evolution of mutualistic interspecific
communication: assessment and management across species. J.
Comp. Psychol. 116, 206-209

71 Thompson, A.R. (2005) Dynamics of demographically open
mutualists: immigration, intraspecific competition, and predation
impact goby populations. Oecologia 143, 61-69

72 Magrath, R. et al. (2007) A mutual understanding? Interspecific
responses by birds to each other’s aerial alarm calls. Behav. Ecol.
18, 944-951

73 Goodale, E. and Kotagama, S.W. (2005) Alarm calling in Sri Lankan
mixed-species bird flocks. Auk 122, 108-120

74 Goodale, E. and Kotagama, S.W. (2008) Response to conspecific and
heterospecific alarm calls in mixed-species bird flocks of a Sri Lankan
rainforest. Behav. Ecol. 19, 887-894

75 Dolby, A.S. and Grubb, T.C., Jr (2000) Social context affects risk
taking by a satellite species in a mixed-species foraging group. Behav.
Ecol. 11, 110-114

76 Waser, P.M. (1984) “Chance” and mixed-species associations. Behav.
Ecol. Sociobiol. 15, 197-202

77 Krause, J. et al. (2009) Animal social networks: an introduction.
Behav. Ecol. Sociobiol. 63, 967-973

78 Groom, M.J. et al. (2006) Principles of Conservation Biology, Sinauer
Associates

79 Simberloff, D. (1998) Flagships, umbrella, and keystones: is single-
species management passé in the landscape era? Biol. Conserv. 83,
247-257

80 Diamond, J.M. (1975) Assembly of species communities. In Ecology and

Evolution of Communities (Cody, M.L. and Diamond, J.M., eds), pp.

342-444 Harvard University Press

Hubbell, S.P. (2001) The Unified Neutral Theory of Biodiversity and

Biogeography, Princeton University Press

82 Morse, D.H. (1970) Ecological aspects of some mixed-species foraging
flocks of birds. Ecol. Monogr. 40, 119-168

83 Phelps, S.M. et al. (2007) The mixed-species chorus as public
information: tungara frogs eavesdrop on a heterospecific. Behav.
Ecol. 18, 108-114

8

[ury

Trends in Ecology and Evolution Vol.xxx No.x

84 Gautier-Hion, A. et al. (1983) Monospecific vs polyspecific life: a
comparative study of foraging and antipredatory tactics in a
community of Cercopithecus monkeys. Behav. Ecol. Sociobiol. 12,
325-335

85 Powell, G.V.N. (1989) On the possible contribution of mixed-species
flocks to species richness in neotropical avifaunas. Behav. Ecol.
Sociobiol. 24, 387-393

86 Quérouil, S. et al. (2008) Why do dolphins form mixed-species
associations in the Azores? Ethology 114, 1183-1194

87 Moynihan, M. (1962) The organization and probable evolution of some
mixed-species flocks of Neotropical birds. Smithson. Misc. Coll. 143,
1-140

88 Krause, J. and Ruxton, G.D. (2002) Living in Groups, Oxford
University Press

89 Brown, G.E. et al. (2003) Nitrogen oxides elicit antipredator responses
in juvenile channel catfish, but not in convict cichlids or rainbow trout:
conservation of the ostariophysan alarm phermone. JJ. Chem. Ecol. 29,
1781-1796

90 Ficken, M.S. (2000) Call similarities among mixed-species flock
associates. Southwest. Nat. 45, 154-158

91 Landeau, L. and Terborgh, J. (1986) Oddity and the confusion effect in
predation. Anim. Behav. 34, 1372-1380

92 Barnard, C.J. (1982) Social mimicry and interspecific exploitation.
Am. Nat. 120, 411-415

93 Clark, C.W. and Mangel, M. (1984) Foraging and flocking
strategies: information in an uncertain environment. Am. Nat.
123, 626-641

94 Dornhaus, A. and Franks, N.R. (2006) Colony size affects collective
decision-making in the ant Temnothorax albipennis. Insect. Soc. 53,
420-427

95 Goodale, E. and Beauchamp, G. The relationship between leadership
and gregariousness in mixed-species bird flocks. /. Avian. Biol. (in
press), doi:10.1111/.1600-048X.2009.04828.x

96 Lichtenberg, E. et al. (2010) Behavioral suites mediate group-level
foraging dynamics in communities of tropical stingless bees. Insect.
Soc. 57, 105-113

97 Griesser, M. and Ekman, J. (2005) Nepotistic mobbing behaviour in
the Siberian jay, Perisoreus infaustas. Anim. Behav 69, 345-352

98 Krams, I. et al. (2006) Mobbing behaviour: reciprocity-based co-
operation in breeding Pied Flycatchers Ficedula hypoleuca. Ibis
148, 50-54

99 Silverman, E.D. et al. (2004) Nearest neighbors as foraging cues:
information transfer in a patchy environment. Mar. Ecol. Prog.
Ser. 277, 25-35

100 Saracco, J.F. et al. (2004) How do frugivores track resources? Insights
from spatial analyses of bird foraging in a tropical forest. Oecologia
139, 235-245


http://dx.doi.org/10.1111/j.1600-048X.2009.04828.x

	Interspecific information transfer influences animal community structure
	The role of interspecific information in mixed-species groups
	No effect on grouping
	Temporary groups
	Stable groups
	Stable geographic distribution

	Differences among species in information provided to heterospecifics
	Testable hypotheses related to interspecific information transfer
	Conclusions
	Acknowledgements
	References


