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Social insect colonies contain from tens to millions of individuals.
Their social organization is based on an efficient communication sys-
tem, in which multimodal signals can be distinguished. This article
aims to give examples that illustrate the use of visual, acoustic, tactile,
sometimes magnetic, and especially chemical signals in communica-
tion among social insects.
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The majority of insect species live a solitary life, with few contacts between con-
specific individuals. Temporary aggregations may sometimes occur because of
abundantly present food (as is e.g. well known in the desert grasshoppers), or
conspecific males and females meet briefly during the mating season to copulate.
Social insects, however, are characterized by communities in which they live in
permanent contact with their nestmates. Bees and bumblebees, wasps, ants and
termites since long have fascinated man because of their well organized and
often impressive colonies. Their social lifestyle goes along with the inevitable
development of a communication system, that allows the individual members of
the colony to exchange information. This social language can occur via various
sensory channels, using visual, acoustic, tactile, sometimes magnetic, and espe-
cially chemical signals.

This article aims to have a closer look at this communication system in social
insects, and to illustrate the various modalities that characterize it with a num-
ber of examples. We first illustrate the ingenious honeybee dance as an excellent
example of multimodal information exchange, and then separately deal with the
various sensory channels that can play a role in social insect communication.

Honeybee dancing
One of the best known examples of social insect communication is represented
in the recruitment system by means of dancing displays that honeybee workers
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use to direct their nestmates to food sources (Fig. 1). The unravelling of this
peculiar behaviour was achieved by Karl von Frisch (1920, 1967), for which he
was later awarded the Nobel Prize. Bee workers that return from a successful
foraging journey enter the nest, and start to perform a dancing act on the verti-
cal nest combs. Nearby nestmates manage to decipher the encoded information,
and learn in which direction and at which distance from the nest they have to
fly to find the food source, that the dancing worker wants to inform them about.
This exchange of information in the so-called waggle dance contains various
stimuli: the returning forager bee on its way home orients itself with respect to
the position of the sun (visual cues), and recognizes the nest entrance due to its
odour (chemical cues). Once inside the darkness of the hive, the movements of
the dancing bee are detected by the nearby nestmates via direct body contact
(tactile cues). The dancing bee periodically stops to offer some of the collected
nectar to nestmates in order to recognize the target food source (chemical cues).
Experiments with robot models (Michelsen et al. 1989) further indicated that
also the buzzing sound of the dancer’s moving wings (acoustic cues) is an essen-
tial component in correctly conveying the position of the food source. As soon
as the recruited nestmates start their journey from the hive to the food source,
they will rely on the sun compass (visual cues).
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Figure 1. Schematical representation of the honeybee waggle dance, that contains infor-
mation from the dancing bee towards its surrounding nestmates about the angle and dis-
tance to be flown between the nest and the discovered food source. The angle (α)
between the sun and the position of the food source is the same angle as that of the cen-
tral part of the dance figure with the vertical axis. The distance is encoded in the fre-
quency of performing the dance figure (the further the food source, the slower the
dance).



Visual communication / orientation
Visual cues in the meaning of interindividual signals are not common in social
insects. Well-developed sight can be important in some cases, however, such as
visual tracking of the leader by foraging stingless bees (Nieh 2004). Also for
partner location, prior to mating, the males’ big compound eyes can help in find-
ing the females (Fig. 2A). More common is the use of well-developed eyes for
orientation purposes. The sun compass in honeybees was already mentioned in
this regard (Fig. 1). Similar examples among the ants deal with orientation in
Cataglyphis desert ants, where the elegant pioneer work of R. Wehner’s group in
Zürich illustrated how these ants detect polarized light and orient themselves
through their amazing visual capacities (Wehner 2003). Recognition of environ-
mental patterns was also nicely documented for wood ants in Finland, where
foraging workers after hibernation re-open the same routes they had been fol-
lowing the previous summer. This route fidelity, however, drastically decreases
if the environmental cues have changed, e.g. through timber felling (Rosengren
1978). In several other ant and termite species, however, visual cues play no role
at all, as is exemplified by the total absence of eyes (Fig. 2B).

Acoustic communication
Sound production among the winged social insects can occur as buzzing through
high frequency wing movements, and can have communicative value as exem-
plified in the waggle dance of the honeybees. Another example of acoustic com-
munication in honeybees is represented by the queen’s tooting and quacking sig-
nals, by which newly eclosing queens make contact with each other (Michelsen
et al. 1986). Stingless bees, by vibrating their wings and thoracic muscles, are
equally known to produce sounds, that may be used to communicate informa-
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Figure 2. Scanning micrographs of the head in frontal view, showing the large compound
eyes in a male of Solenopsis invicta (A, scale bar 100 μm), in contrast to the completely
blind workers of Dorylus army ants (B, scale bar 500 μm). CE = compound eye, Oc = ocel-
li.



tion about distance and quality of food sources (Nieh 2004). In the wingless ter-
mites (Röhrig et al. 1999) and ants, acoustic signals can be produced by knocking
body parts onto the substrate (also known as drumming), and can elicit various
behavioural responses (Hölldobler 1999). Many ant species stridulate, which
involves rapid movements of a scraper (situated at the posterior dorsal margin
of the postpetiole) against a region with parallel ridges on the anterior surface of
the first gastral tergite (Fig. 3). Magnificent research in this field has been done
on leaf-cutting ants at Würzburg University, where it has been demonstrated
that Atta ants stridulate while cutting leaf fragments in order to recruit nest-
mates, with a positive correlation between stridulation and leaf quality (Roces &
Hölldobler 1996). When carrying leaf fragments to the nest, the ants form a
potential target for parasitic phorid flies. Very small minima workers therefore
‘hitchhike’ on the transported leaves in order to protect their carrying larger
nestmates against these phorids (Eibl-Eibesfeldt & Eibl-Eibesfeldt 1967).
Attracting these hitchhikers has also been shown to be regulated by stridulations
of the ant after cutting when it is manoeuvering the leaf fragment into a carry-
ing position (Roces & Hölldobler 1995). There is controversy, however, whether
ant stridulatory signals are transmitted through the air (see Hickling & Brown
2000), or whether ants are deaf and detect acoustic signals through substrate-
born vibrations (see Roces & Tautz 2001).

Magnetic orientation
During their foraging journeys, leaf-cutting ants apparently also respond to the
geomagnetic field in the absence of sunlight cues (Banks & Srygley 2003). The
ability to perceive the earth’s magnetic field was also demonstrated for the fire
ant Solenopsis invicta (Anderson & Vander Meer 1993), while also for bees (Gould
1980) and bumblebees (Chittka et al. 1999) the existence of a magnetic compass
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Figure 3. A. Worker of Atta sexdens rubropilosa, the arrow indicates the position of the
stridulation apparatus. B. Scanning micrograph of the stridulation apparatus in a A. s.
rubropilosa minor worker, showing the posterior dorsal margin of the postpetiolus func-
tioning as a scraper (scr) and the triangular region with parallel ridges at the anteriodor-
sal side of the first gastral segment (scale bar 100 μm). C. Longitudinal section through
the junction between the postpetiolus and the first gastral segment of a A. s. rubropilosa
worker. Note postpetiolar muscles (M) that cause up and down jerking of the gaster and
hence sound production as the postpetiolar margin rubs over the ridges on the dorsal side
of the gastral segment (scale bar 100 μm).



had been suggested. The detection of the geomagnetic signal may be related with
the presence of magnetite nanoparticles in the body (Acosta-Avalos et al. 1999).
The eventual orientation along the earth’s magnetic field, however, does not
really represent a case of true communication, as the insects only react to an
environmental signal that is not produced by themselves.

Tactile communication
Tactile contacts can form an important element in communication, although
they are inevitably limited to interactions between two or just a few individuals.
A very common example of tactile communication is found in the antennation
and grooming between nestmates. Also the interindividual exchange of liquid
material via trophallaxis (Fig. 4) is largely based on tactile interactions with
mainly the antennae and the forelegs involved (see e.g. Lenoir & Jaisson 1982).

Tandem running (Hölldobler et al. 1974, Möglich et al. 1974) represents a clas-
sical example of a recruitment strategy involving multimodal communication,
in which both tactile and chemical cues play a role. It occurs in rather small ant
colonies, when not too many nestmate workers have to arrive at a newly discov-
ered nest or food source. Once a scout worker has discovered such a site, it
returns to the nest while laying an odour trail (Fig. 5A, B). In the nest, it engages
in a ritualized behavioural display with a nestmate, that results in the nestmate
following the scout out of the nest. The scout follows the odour trail it had
deposited on the inward journey, and is very closely followed by the recruited
worker (Fig. 5C). This brings the recruited worker to the target site, after which
the scout returns to the nest (Fig. 5D) in order to guide a next nestmate to the
target (Fig. 5E). After a while, also the previously recruited workers can become
recruiting ants themselves, thus resulting in a steady but slow increase of the
number of workers at the new nest or food source (Fig. 5F). A detailed analysis
of the actual tandem running reveals the interplay between tactile and chemical
cues. The follower worker taps with its antennae onto the leader ant with regu-
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Figure 4. Tactile contacts with antennae and forelegs during trophallactic food exchange
between workers of Vespula germanica (A) and Formica sanguinea (B) (wasps photograph
by Dr. Tom Wenseleers).



lar intervals, which is an essential tactile signal for the leader to continue run-
ning. The follower in turn keeps in close contact with the leader because of
chemical contact pheromones emitted by abdominal glands of the latter
(Hölldobler et al. 1974).

Chemical communication
The most widespread communication form among social insects is definitely
based on the action of chemical messenger molecules, that have entered our
vocabulary as ‘pheromones’. In their original 1959 article, Peter Karlson and Adolf
Butenandt describe them as (p. 39): ‘Pheromone’ should designate substances that are
secreted by an animal to the outside and cause a specific reaction in a receiving individual
of the same species, e.g. a release of certain behavior or a determination of physiologic
development’. Substances releasing specific behaviours are known as releaser
pheromones, while those causing a physiological process (e.g. ovary development
or inhibition) are called primer pheromones (Wilson & Bossert 1963).

In the example of tandem running, the abdominal gland substances of the
leader ant thus elicit attraction and following behaviour of the recruited nest-
mate worker. Bringing nestmates to a target site by tandem running, however,
is an overall rather slow process because of its tactile component that plays at the
level of just two individuals. Much quicker and more efficient is trail following
through mass communication. As in the tandem running strategy, the scout
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Figure 5. Schematical presentation of the subsequent events during tandem running. The
white ant is a scout worker that discovered a food source (grey circle), the lines repre-
sents deposited pheromone trails (the thicker the line, the fresher the odour trail; inter-
rupted lines show evaporating older trails). The black ants are nestmates that are recruit-
ed and guided by the scout. After a while, ants that had been recruited previously can
become tandem leaders themselves and recruit additional nestmates (grey ant in F).



worker after discovering a food source (Fig. 6A) returns to the nest while laying
a pheromone trail (Fig. 6B). There is no tactile component in the conveying of
the message, however, as nestmate workers leave the nest and follow the scout’s
trail by themselves (Fig. 6C). This results in a quick assembling of many work-
ers at the target site, with trail reinforcement by the workers that return to the
nest (Fig. 6D). As soon as a sufficient number of workers have gathered togeth-
er at the food source, newcomers will no longer be needed, and therefore return
back home without further trail reinforcing (Fig. 6E). This results in trail weak-
ening by evaporation, so that no further ants are recruited. This makes food
source exploitation very efficient as it keeps the number of recruited ants in pro-
portion to the extent of the food source (Fig. 6F).

The origin of pheromones is situated in exocrine glands. The abundant use of
pheromonal substances in the social insects’ communication system is reflected
by their very well developed exocrine apparatus (Noirot 1969, Hölldobler &
Wilson 1990, Billen & Morgan 1998). Up to now, we can distinguish a total of 105
different exocrine glands among the social insects. This truly impressive number
for a very considerable part is linked indeed with the importance of pheromonal
communication, although also several other functions find their origin in
exocrine glands. These include, among others, the production of nest building
material, caste determinating products, digestive enzymes, antibiotics, defensive
compounds and venoms, lubricant substances, or substances with a reproductive
function during mating, sperm transfer or egg laying. The most common
exocrine glands in the four main social insect groups are shown in Fig. 7.
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Figure 6. Schematical presentation of the subsequent events that occur during trail fol-
lowing through mass communication. All ants are shown in black as each worker can
detect and follow the trail independently. Thickness of the lines corresponds with fresh-
ness of the trail.



For several glands, the chemical composition of the secretion and/or the
function is well documented, while for others our knowledge remains restricted
to the description of their occurrence only. The chemical composition of
pheromonal secretions in general corresponds with fairly simple mixtures of
rather small and therefore volatile molecules. In their pioneer work on chemical
communication, Wilson and Bossert (1963) already predicted that the majority
of pheromones contain between 5 and 20 carbon atoms and have molecular
weights between 80 and 300. The many substances that appear in a typical gas
chromatogram represent a snapshot of the total contents at a given time, and
therefore also include numerous precursor molecules and metabolic intermedi-
ates. Only one or few of the compounds will be biologically active as pheromon-
al substances. The most simple situation is found when one particular substance
from a given gland elicits a specific behavioural response. Social insect commu-
nication, however, is often more complex through the acticity of multicompo-
nent pheromones (Silverstein & Young 1976, Attygalle & Morgan 1985,
Hölldobler & Carlin 1987), that in addition may involve synergistic effects of
substances from one or more glands. From this point of view, we can distinguish
several possibilities in pheromonal communication, based on the number of
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Figure 7. Occurrence of the main exocrine glands in the 4 groups of social insects. Glands
with a pheromonal function are indicated in capital lettering (from Billen & Morgan
1998).



active substances, the number of glands involved, and even the number of
behavioural functions:

1 function, 1 substance, 1 gland
Single substances eliciting a specific behaviour represent the most straightfor-
ward example of pheromonal communication. Trail pheromones have often
been reported as single active substances (Morgan 1984). The first trail
pheromones that could be chemically identified are substances from the sternal
glands in termites (Fig. 8), such as (E)-6-cembrene A from Nasutitermes exitiosus
(Moore 1966) and (3Z,6Z,8E)-3,6,8-dodecatrienol from Reticulitermes virginicus
(Matsumura et al. 1968). Also the first identified ant trail pheromones comply
with the single compound concept, such as methyl 4-methylpyrrole-2-carboxy-
late (Atta texana venom gland: Tumlinson et al. 1972) and faranal (Monomorium
pharaonis Dufour gland: Ritter et al. 1972).

1 function, m substances, 1 gland
A disadvantage of single substance trail pheromones can be the lack of specifici-
ty, as the same substance may also be used by related species. 3-Ethyl-2,5-
dimethylpyrazine, for instance, is known as the trail pheromone in 13 species of
Myrmica ants (Morgan, 1990a). Higher specificity can be obtained through mul-
ticomponent pheromones (Attygalle & Morgan 1985, Morgan 1990a). This has
been nicely illustrated in the ant Tetramorium caespitum, where the trail
pheromone originates from the venom gland and is a 70:30 mixture of 2,5-
dimethylpyrazine and 3-ethyl-2,5-dimethylpyrazine. When artificial trails with
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Figure 8. Longitudinal section through the posterior part of the abdomen of a
Reticulitermes lucifugus worker, showing the sternal glands (SG) that produce the trail
pheromone. Gg = ganglion, MG = midgut, scale bar 200 μm.



both compounds are tested, the ants show optimal trail following activity for the
70:30 mixture, with activity decreasing the more the proportion differs from this
optimal ratio (Attygalle & Morgan 1983). A similar situation also occurs in the
leaf-cutting ant Atta sexdens sexdens, that shows optimal trail following for a 14:1
mixture of 3-ethyl-2,5-dimethylpyrazine and 4-methylpyrrole-2-carboxylate,
which corresponds with the natural proportion of both substances in the venom
gland (Billen et al. 1992). In the venom gland of the ponerine ant Leptogenys peu-
queti, even all 14 identified compounds were found to release trail following
(Janssen et al. 1997). Also for termite trail pheromones, a multicomponent sys-
tem that increases species-specificity has been postulated (Kaib et al. 1982).

1 (overall) function, m substances, n glands
In the latter multicomponent trail pheromones, the active compounds are part of
the secretion of one particular gland. An extra dimension occurs when multiple
glands contribute in eliciting a behavioural reaction. This has e.g. been described
for the ant Acanthomyops claviger, where alarm behaviour is released by compo-
nents from both the mandibular gland and the Dufour gland (Regnier & Wilson
1968). In the African weaver ant Oecophylla longinoda, the complex
alarm/defence system results from the combined effect of secretions from the
mandibular, the venom and the Dufour glands (Bradshaw et al. 1979a,c).

A textbook example illustrating the effect of different substances originating
from several glandular sources is found in the action of the ‘queen substance’ in
honeybee queens (Fig. 9). Apis mellifera queens signal their presence to the work-
ers through secretions from the mandibular glands (Butler & Simpson 1958), the
tergal glands (Vierling & Renner 1977) and the pretarsal Arnhart glands (Lensky
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Figure 9. The honeybee queen announces her presence to the workers through multiple
queen signals, of which only the combination is effective in eliciting the workers’ reac-
tion. At least three glands are involved in the production of these multiple signals: the
mandibular glands in the head, the Arnhart glands in the pretarsi of the legs, and the ter-
gal glands in the abdomen.



& Slabezki 1981). The overall queen effect constitutes a syndrome of reactions in
the workers, including retinue formation around the queen, stimulation of for-
aging and brood care, as well as inhibition of queen cell construction and of
ovary development in workers. These specific effects, however, are not caused
by separate stimuli (Velthuis 1985), but it is the perception of the complete set of
queen signals that is necessary for the proper reaction of the workers (Hefetz &
Katzav-Gozansky 2004).

m functions, 1 substance, 1 gland
One of the most important compounds of the ‘queen substance’ is 9-oxo-2-
decenoic acid from the queen’s mandibular glands (Fig. 10). This fairly simple
molecule, with a molecular weight of 184.23, is very unique among the
pheromones, since its effect as well as its target insect differ according to the
context: within the hive, it acts on the workers as it is involved in suppressing
the building of queen cells and in the inhibition of the workers’ ovary develop-
ment (Butler et al. 1962). Outside the nest, however, it serves as the sex
pheromone that attracts the drones during the mating flight (Gary 1962). It
therefore can be considered both as a primer pheromone (causing a physiologi-
cal reaction in the workers) and as a releaser pheromone (eliciting an immediate
behavioural reaction in the drones).

The abilility for a substance to elicit various reactions can also occur in func-
tion of its concentration, as can be the case for alarm pheromones. This goes
along with the volatility of pheromonal substances. Due to evaporation (fade-
out), their concentration decreases over time and distance. They will occur at
highest concentration at their emission point, and from there become gradually
less concentrated. This gradient can be understood as concentric hemispheres
with increasing concentration towards the centre. The active space is then
defined as the threshold concentration of a particular compound for a specific
behavioural response to be released. Alarm substances often act as attractants at
low concentrations, and elicit aggressive behaviour at higher concentrations
(Wilson & Bossert 1963). Alarmed workers therefore will attract nestmates in
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Figure 10. Structure formula and molecule model of 9-oxo-2-decenoic acid, the main sub-
stance in the mandibular gland secretion of the honeybee queen. Within the hive it sup-
presses ovary development in the workers and inhibits them from building queen cells.
Outside the nest, it functions as a sex pheromone that attracts drones during the mating
flight.



the vicinity because of the lower pheromone concentration there, the behaviour
will then gradually change to aggression when these nestmates approach and
enter the corresponding active space with higher pheromone concentrations.

m functions, n substances, 1 gland
As already mentioned, the glandular contents include several substances, most
of which are metabolic products in the biosynthetic pathway, without having
any pheromonal activity. In some cases, however, the secretion may contain
more than one behaviourally active compound. This is illustrated by the regula-
tion of trail following in the army ant Aenictus sp. The postpygidial gland of
these ants contains only two detectable substances, that are both essential for
proper trail following: methyl anthranilate represents only 1% of the secretion,
but is necessary for its primer effect in making nestmate workers sensitive to the
major substance, methyl nicotinate. This acts as a releaser and causes real trail-
following, but only in conjunction with the anthranilate (Oldham et al. 1994b).
Another peculiar case of a gland secretion with multiple functions is found in
the venom of several myrmicine ant species, where the trail pheromones from
the venom gland are nitrogen-containing substances such as pyrazines or
pyrroles. They can be considered as by-products of the pathways of venom
biosynthesis, that have become behaviourally active (Morgan 1984). Both the
venom and the pheromone are released through the sting. An odd consequence
of this is that deposited trails inevitably appear to contain venom material as
well, and that venom likewise appears to contain also trail pheromone mole-
cules.

Production of several behaviourally active substances by the same gland can
also be found in a somewhat different context, when individuals produce differ-
ent substances according to their caste (Plettner et al. 1996). As already men-
tioned, honeybee queens produce 9-oxo-2-decenoic acid in their mandibular
gland, whereas the same gland in workers contains 10-hydroxy-2-decenoic acid
(which is a constituent of royal jelly: Genc & Aslan 1999). A similar situation is
also found in the Dufour gland secretion of the honeybee, as the worker gland
contains hydrocarbons, while queens additionally produce long chain esters
(Katzav-Gozansky et al. 1997). Only the queen secretion is attractive to workers
and elicits retinue formation (Katzav-Gozansky et al. 2002). Biosynthetic plas-
ticity can occur, however, as workers in queenless conditions are known to start
producing the queen-specific secretion, which illustrates that both castes possess
the machinery for queen pheromone production (Hefetz & Katzav-Gozansky
2004). Different chemical and behavioural properties of glandular secretions can
also be found between workers in di- or polymorphic ant species. In the African
weaver ant Oecophylla longinoda, for instance, the minor and major workers dis-
play a distinctly different composition of their mandibular gland secretion, in
which minor workers lack the alarm stimuli that are present in the glands of the
majors (Bradshaw et al. 1979b). Also in the leaf-cutting ant Atta sexdens rubropi-

INTRODUCTORY LECTURE

20



losa, clear size-dependent differences exist in the mandibular gland secretion, as
smaller workers that are active inside the nest have a secretion dominated by 4-
methyl-3-heptanone, while their larger nestmates with duties outside the nest
have a pheromone based on citral. Both worker categories therefore differ
markedly in their communicative properties (do Nascimento et al. 1993).

Chemical communication without gland secretions?
A special case of chemical communication is found in the mechanisms underly-
ing nestmate recognition. The role of cuticular hydrocarbons has become more
and more apparent (e.g. for termites: Clément & Bagnères 1998, bees: Breed 1998,
ants: Lahav et al. 1999, wasps: Ruther et al. 2002), although the precise origin of
these substances is still debatable. A possible role for the postpharyngeal gland
in ants has to be mentioned here, as a similar hydrocarbon pattern has been
found in the secretion of this gland and on the cuticle in several ant species
(Bagnères & Morgan 1991). A comparable situation is found in various bumble-
bee species, where it is the Dufour gland composition that well matches the
cuticular hydrocarbon profile (Oldham et al. 1994a). It is as yet not entirely clear
whether the hydrocarbons originate in the glands and from there reach the cuti-
cle (e.g. through grooming and/or trophallaxis), or rather the opposite way. In
the latter case, however, they probably originate from oenocytes or from the
tegumental epidermis, that are equally known for their glandular activity
(Noirot & Quennedey 1991, Hölldobler et al. 1994).

CONCLUSION
The selected examples in this article illustrate that communication in social
insects can reach a considerable degree of complexity. Signals are often multi-
modal with elements from different sensory channels playing a role. The
progress of analytical tools and techniques will contribute in our further unrav-
eling and understanding of the social language of these insects. The use of
sophisticated equipment combined with ingenious experimentation e.g. led to
the deciphering of the navigation abilities of desert ants (as reviewed in Wehner
2003). Equally high-technological instrumentation allowed to analyze the
acoustic components in the communication system of leaf-cutting ants (Roces &
Hölldobler 1995, 1996), and to further explore the recruitment language during
the honeybee dances by using a robot model (Michelsen et al. 1989). Chemical
analysis has made enormous progress since the days of the identification of the
very first insect pheromone, which is not even half a century ago (Butenandt et
al. 1959). At that time, half a million silkmoth glands (over 10 tonnes of female
moths!) were needed to elute and analyse the fractions. The identification of the
first ant trail pheromone in Atta texana still required 3.7 kg of ants (Tumlinson
et al. 1972), while nowadays single gland analyses are routinely performed, even
with the possibility for micro-reactions, thanks to the big advances in chro-
matography (Morgan 1990b). The use of solid-phase microextraction (SPME)
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even allows non-destructive sampling and hence repeated sampling of the same
individual (Turillazzi et al. 1998). The amazing variety of exocrine glands in
social insects probably will also continue to be illustrated with the description of
still more hitherto unknown glands. Further research will undoubtedly reveal
more details and peculiarities of the communication system and social organiza-
tion of these fascinating insect communities.
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