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Abstract

Ants and termites play important roles in tropical ecosystems, leading to an
evolutionary arms race in which diverse foraging, predation, and counter-
predation strategies developed. These strategies resulted in the emergence
of specialized predators of termites, such as the African termite-raiding ant,
Megaponera analis, which organizes coordinated raids on termites of agricul-
tural importance belonging to the subfamily Macrotermitinae. Decades of
field and laboratory studies have examined the natural history of M. analis,
describing its distribution, raiding behavior, chemical ecology, task alloca-
tion, rescue and other helping behaviors, and nursing of wounds. However,
the potential of M. analis for the management of termites is yet to be
explored. This review synthesizes the literature on M. analis, outlines re-
cent progress in understanding its ecology, identifies knowledge gaps, and
proposes directions for future research and possible applications of the
knowledge to different fields.
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1. INTRODUCTION

Ants are among the six key insect groups notable for their ecological roles as prey, predators,
scavengers, indirect herbivores (100, 109, 128), soil turners (27), channelers of energy (43, 129),
and dominant terrestrial fauna present in major biomes and habitats worldwide (52, 102, 109).
Conservative estimates put the total number of ants at 20 quadrillion, and their dry biomass (12
megatons) is equivalent to 20% of human’s and exceeds that of birds and mammals combined (12,
17, 29, 52, 109, 127–129). Their success as one of the most diverse and ecologically dominant
insect species can be attributed to their ability to interact with other organisms and occupy a wide
range of terrestrial habitats, from soils (subterranean) to tree canopies (arboreal) (109), and to their
functional groups (12), communication systems (127), and social organization (12, 52). Adaptive
ecological behaviors, such as foraging strategies, dietary diversity, and feeding preferences, have
enabled ants to thrive and survive in various habitats over evolutionary time. How did these bi-
ological traits contribute to the success of ants? Initially, ants were ground-dwelling scavengers
and predators that foraged individually (17, 29). However, while solitary foraging involves a single
insect, it is regulated by the colony’s overall fitness (16, 116) and provides access to limited food
resources.This limitation, in turn, restricts colony size, growth, and development.With the rise of
angiosperms during the mid to late Cretaceous Period (125–80 Mya), which provided additional
food sources, ants evolved cooperative foraging (46, 52, 129). Unlike individual foraging, coop-
erative, group, or social foraging involves a combination of individual efforts, caste and colony
demography, communication, cooperation in food retrieval, resource assessment, and the regula-
tion of foraging at the colony level (116). Predatory ants are primarily solitary foragers, though
cooperative foraging is displayed in groups that organize subterranean raids on other arthropods,
often specializing on specific genera or species (17).

One of the major predatory ant groups that radiated during the primary expansion (mid to late
Cretaceous Period) is the subfamily Ponerinae, which fed primarily on freshly killed arthropods,
predominantly insects, with most specializing on a certain prey species (31, 52, 129). Diet spe-
cialization resulted in the development of morphological and behavioral adaptations to overcome
prey defenses (52) and the synchronization of colony dynamics with the abundance and distri-
bution of prey (135). One such ponerine species is the African termite-raiding ant, Megaponera
analis Latreille, a termitophagous species known for organizing coordinated group raids on ter-
mites of economic importance within the subfamily Macrotermitinae. Over the past five decades,
a considerable amount of research has been carried out both in the field and in the laboratory
to understand the fascinating behavior and functional ecology of M. analis, including its natural
history; scouting, raiding, and foraging behaviors; trail laying; chemical communication; prey de-
tection; helping behaviors; and genetics (7, 21, 34–40, 50, 65, 66, 69, 77, 87, 95, 110, 119, 122,
133–136). This review consolidates the available literature on M. analis, bringing to the fore its
ecology, unique raiding and helping behaviors, and prospects for the management of termites, as
well as identified knowledge gaps and directions for future research.

2. THE AFRICAN TERMITE-RAIDING ANT,MEGAPONERA ANALIS

2.1. Taxonomy and Distribution

Megaponera analis is a termite specialist (termitophagous) ponerine species that organizes military-
like group raids on termites, earning the common name Matabele ants after the warriors of the
Matabele tribe (15, 67) of Southern Africa who were known for their fierce war tactics in the
1800s.Widely distributed throughout most of tropical sub-Saharan Africa, between 10°N latitude
and 30°S latitude (125), M. analis has been reported in 27 countries (Figure 1a), mirroring the
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Figure 1

(a) Distribution ofMegaponera analis and its subspecies reported across Africa. (b)M. analis nesting behavior under a rock, under a tree,
in an open field, and in an old termite mound at Mpala, a savanna in Kenya. (c) Castes and reproductives ofM. analis: (i) ergatoid queen,
(ii) male, (iii) major worker and minor worker, and (iv) workers carrying larvae (red circles) and pupae (green circles) during a nest
migration. Subpanels i and ii supplied by Erik T. Frank; subpanel iv supplied by Markus Stueben.

distribution of its termite prey (60).However, this diversity brings complexity to its taxonomy,with
six subspecies (M. analis amazon,M. analis analis,M. analis crassicornis,M. analis rapax,M. analis sub-
pilosa, andM. analis termitivora) reported on the basis of their habitats, the regions where they are
found, or their raiding behavior (73) (Figure 1a;Table 1). This complexity in taxonomy, coupled
with the difficulty in delineating species or subspecies on the basis of morphological traits and
genetics (28), poses a significant challenge for researchers to accurately identify this ant species.
Especially within the Hymenoptera (97), as has been documented in the African honey bee (Apis
mellifera) (42), taxonomic complexities have led most references to this species in the literature to
be restricted to the species level. The naming of this species has also undergone several revisions
over the years. It was first known as Formica foetens Fabricius 1793, then as Formica analis Latreille
1802 and Megaponera foetens Mayr 1862, and thereafter as M. analis (74). The ant was given the
epithets foetens (smelly) due to its stinky smell and analis (anus) due to the shape of the gaster (en-
larged abdomen).One hundred and thirty years later, with the relegation ofMegaponera to a junior
synonym by Brown (11), the name changed to Pachycondyla analis. In 2014, using ecology and be-
havioral tools, Schmidt & Shattuck (106) revised the classification of Ponerinae by reinstating the
species toM. analis.

2.2. Nesting and Nest Migration Behavior

Megaponera analis ants nest in shallow ground, approximately 0.7 m deep. They do not construct
the nests themselves but modify those built and abandoned by other arthropods (34, 135). These
nests are often found in old inactive termite mounds, in partially rotten logs (66, 73), under rocks
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and trees, or in the open (135), and they may have two or more entrances and one brood (eggs,
larvae, and pupae) chamber (Figure 1b). The ants share their nest with myrmecophiles (rove
beetles; Staphylinidae: Degalliera megaponerae,D. peetersi, and Ponerilla hoelldobleri) (62); with fungi
(Ophiocordyceps australis andO. unilateralis) (112); and sometimes with the Accra snake-necked frog,
Phrynomantis microps, commonly found in Ghana, which has evolved skin secretions that inhibit
aggression by M. analis workers (100, 101). Nests are commonly found in savannas and forests,
can be close together (∼2 m) or far apart (∼30 m), and can reach a density of 4 to as many as
22 nests per hectare (Table 1) depending on habitat type (7, 65, 66, 73, 135). Colony sizes for
M. analis vary significantly among regions and subspecies, with some colonies consisting of a few
hundred (100–300) to as many as 2,300 individuals (Table 1), as reported from Kenya, Nigeria,
Côte d’Ivoire, and Mozambique (34, 50, 65, 66, 71, 135).

Megaponera analis displays seminomadic behavior, with migrations from an old to a new nest-
ing site observed every 2–3 months (7, 70, 135). Migrations are initiated by scout ants, usually
in the evening, and can cover distances ranging from 10–15 m (lasting 2–4 h) to 30 m (with
some pit stops every 5–10 m) but not farther than observed maximum foraging distances (ap-
proximately 95 m) (71, 135). The ants can reuse a previous nesting site by returning to it after
a few months (37; A.A.Y., personal observation), suggesting that they may rely on sensory cues
such as chemical signals to locate old nests. During nest migration, the workers carry the queen,
brood, and other colony resources, including its associated parasites (77, 125, 135).Conflicting hy-
potheses have been proposed for this seminomadic behavior, which fits into the general ecology
of nest movement by social insects, and have been reviewed by McGlynn (75). One such hy-
pothesis suggests that frequent migration is driven by dwindling prey and nest densities, forcing
the ants to move in search of new areas and avoid competition from conspecifics. An alterna-
tive hypothesis attributed the migration to parasite loads or predation pressure from Dorylus spp.
(driver ants) on the colony (73). A third hypothesis attributes the frequent migrations to ecologi-
cal phenomena built on instinctive nomadic behavior independent of food or prey. The first two
hypotheses are debatable, as migrations have been observed even in areas with low nest densi-
ties and high termite prey densities (135) as well as in locations where driver ants have not been
observed as predators of M. analis (7, 77). Thus, it appears that the evidence for this subject
is too limited to accept or reject the third hypothesis, making the basis of the frequent migra-
tions byM. analis unclear and necessitating the need for more research toward understanding this
behavior.

2.3. Colony Members

Colonies of M. analis are headed by a single ergatoid (primarily wingless) queen (79, 89–92), the
only egg-laying individual with 28–64 ovarioles (119). There are two main worker types: major
workers and minor workers.Morphologically, the queen can be distinguished frommajor workers
by her more expansive gaster, denser pilosity, deeper metanotal grove, and slanting petiole (6, 51,
89, 92) (Figure 1c, subpanel i), making her the largest individual in the nest at ∼20 mm.Workers
are sterile; are between 5 and 18mm in length (100, 119), exhibiting overlap in size (monophasic al-
lometry) (23); are polymorphic; and are grouped into majors and minors (Figure 1c, subpanel iii)
and sometimes medias (71, 119), with clearly allocated tasks (Supplemental Table 1). Major
workers are larger and darker with fine pubescence, which is reduced in the much smaller shiny
minor workers. Although the males (drones) are winged, they are smaller than the workers, with
small heads and large eyes (72, 111) (Figure 1c, subpanel ii). Males fly out to mate throughout
the year and locate queens using trail pheromones left by raiding parties. Sometimes they follow
raiding parties to raids (72, 111). Mating with the queen usually takes place inside the nest, with
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new colonies formed through the fission of old ones or through dependent colony foundation, in
which the new queen sets out with someworkers to establish her own nest (52). Eggs and larvae are
white and the pupae are enclosed in brown cocoons (Figure 1c, subpanel iv). Unlike for workers,
little is known about the biology and behavior of the males and queens, or about reproduction in
M. analis, as these topics have not been the focus of previous studies.

3. FORAGING AND RAIDING BEHAVIORS

The ecology of foraging in ants is dependent on their diet, colony requirements, differences
between the energy yield (investment versus expenditure), timing, environment, and foraging
range (16, 107, 116). Foraging behavior and eusociality in ant societies make them retrieve and
gather food at a central place (nest), following the principle of central place foraging and optimally
(16, 55, 96, 116) utilizing resources for colony fitness. Because searching for food is critical for
colony fitness (89), most especially for a specialist group forager with mass recruiting (16, 29) like
M. analis, the synchronization of foraging behavior with prey availability (8, 21, 88) is important
to ensure optimal foraging (30, 35, 37, 38, 46, 58, 65, 73, 87, 135). Foraging behavior inM. analis
aligns with Charnov’s (18) marginal value theorem, which states that an optimal predator will
accept an item if it does not provide less energy than that available in the same time from a
different diet. The foraging and raiding behaviors ofM. analis were first described by Livingstone
in 1857 (67). Since then, these behaviors have caught the attention of many researchers (Table 1)
because of their complexity, coordination, organization, specialization (on target prey), and the
pronounced division of labor displayed.

3.1. Raids

Raiding behavior byM. analis can be divided into the following phases: scouting, recruitment, ar-
rival at termite sources, attack, retrieval of termites, collection (of termites and injured nestmates),
and return journey (Figure 2a; Supplemental Video 1). Raids occur in the mornings (0600–
1100 h) and evenings (1600–1930 h) (7, 73) (Table 1). Although a bimodal foraging pattern is
commonly reported, less frequent nocturnal (2000–2400 h) raids (Table 1) have been observed
(135) during summer when temperatures are high. This adaptive behavior could align with ter-
mite activity or serve to avoid the risk of losing track of the trail chemical signals reported as
pheromones (chemicals used for communication within the same species) (25, 56, 99), which can
disorient raiding columns, as observed when trails are washed away by rain or removed artificially
(70, 73; A.A.Y., personal observation).

3.1.1. Scouting. Foraging activity begins with scouting when scouts (10–19) (usually major
workers) leave their nest in search of termite foraging sites. The search can last for a few min-
utes or up to 1 h, covering a mean distance of 30 m to a maximum of 95 m (Table 1). However,
little is known about a scout’s behavior after finding a food source, especially because the forag-
ing patch is often heterogeneous with the risk of encountering predators (77). Some researchers
have suggested that decisions made by individual scouts determine raids and their frequencies,
especially in areas with high prey availability, as observed when ants are reared in the labora-
tory (38, 51, 132). However, it is highly unlikely that foraging in such a group-raiding species
is determined by an individual’s decision rather than by the fitness and needs of the colony (38,
41, 116). Colonies from South Africa have been observed to release scouts every 10 min when
initial scouts were removed, with scouting lasting up to 120 min (77) (Table 1). The use of star-
vation to predict hunger states led to a threefold increase in scouting in colonies found in Côte
d’Ivoire (38). Further studies of path choices (34) and mechanisms regulating scout behavior are
needed.
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Figure 2

(a) The sequence involved in the raiding behavior ofMegaponera analis. (i) A scout leaves the nest and randomly searches for termites
(black trail). (ii) A scout detects termites using kairomone (iii) and vibrations and then returns (iv) to the nest using the shortest possible
route (red dotted line), laying trail pheromones (N,N-dimethyl uracil and actinidine). Thereafter, she recruits nestmates (v) that march in
a column formation toward the termite source following the trail (green line). (b) At the termite source, the major workers break open
the galleries while the minor workers enter and raid the termites and pile them at the surface. (c) After the raids, the raiding column
returns back to the nest (a, subpanel vi) using the same path (blue line) carrying termites in their mandibles. (d) Injured workers during
raids are carried back to the nest by nestmates (e) where their wounds are nursed with antimicrobial compounds secreted by the
metapleural glands. Panels d and e supplied by Erik T. Frank.

3.1.2. Recruitment. Upon detecting and assessing a termite source using attractive chemicals
(kairomones; see Section 4) (57, 59, 70, 133), the scout returns to the nest via the quickest route
(35), laying trail pheromones (see Section 4) in the process (possibly to expend less energy) (50, 81)
by lowering its gaster to the ground as it walks along the route, and recruits nestmates within 1–
5 min (110). After recruitment, it leads the outward journey toward the termite source in a column
formation. However, if the scouting is unsuccessful, the scout returns to the nest in a meandering
route (135). This behavior by an unsuccessful scout has not been studied but could be a measure
to avoid or ward off predators.

The size of a raiding party is determined by factors such as colony size, colony requirements,
richness of the food source, and termite defenses (7, 35, 65, 71, 135). Typically, raiding par-
ties consist of between 20 and 500 ants (Table 1), or approximately 30–75% of the total nest
population.

3.1.3. Attack and retrieval. A few centimeters away from the termite source, the raiding party
stops, spreads out in a formation, and attacks using a clear display of task allocation (20, 21, 119).
The major workers break up the termite galleries while the minor workers invade them (7, 38, 73,
87, 122, 135). The ant workers attack and sting termites (workers and soldiers), paralyzing them in
the process (21). Paralyzed ants are carried to the surface and piled up near the termite’s foraging
gallery (Figure 2b) until the signals to stop the attack in the form of chemical (see Section 4) and
visual cues are received (134).The attack takes the form of an arms race, with the termites resisting
and inflicting injuries on the ants using their mandibles (which they use to bite and cling onto the
ants) and defensive chemicals (allomones secreted by the labial glands); the severity of the injuries
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depends on the termite species raided (38, 135). The attack and retrieval process can last between
5 and 30 min (7, 38, 135) (Table 1), after which the workers stop hunting and return to the pile
of paralyzed termites (135).

3.1.4. Collection of termites and return journey. After the attack, the major workers collect
between 1 and 12 termites between their mandibles, while minor workers carry 1 to 3 (depending
on the size and species of termite prey) (Figure 2c;Table 1). Someworkers carry injured nestmates
(Figure 2d), while others carry none as they follow the raiding column as runners (135) (see
Supplemental Table 1). The return journey usually starts immediately in a clear formation and
at a faster pace, using the same route as that of the outward trip (71, 135). The return trip is led by
the raid leader followed by other scouts, with major workers in the front and rear serving as lead
and rear guards (37).This type of foraging behavior inM.analis, in which raids on social insects are
led by scouts, could be the very first step in the evolution of army ant behavior (52), characterized
by obligate collative foraging, nomadism, and a specialized queen caste. While the presence of
guards in the formation during the return journey may serve to protect the raiding party, it is not
yet known why other scouts join the raids or serve as leaders (Supplemental Table 1). A possible
explanation for this behavior could be the quality and quantity of combined odors released by ants,
captured termite prey, and other associated cues (25, 56, 81, 96, 133–136).When ants are disturbed
during either outward or return journeys, theymake audible stridulatory sounds to deter predators
(135) (see Section 4).

Colonies of M. analis can send out more than one foraging party in a day, with the frequency
of raids varying from 1 to 10 raids per nest per day (7, 65, 119, 135) (Table 1), whereas some
colonies stay dormant for days without going on raids (135). Like most of the behaviors described
here, it remains speculative as to what determines the raiding frequencies or the dormant periods
of M. analis. Attributing this behavior to food reserves or their absence is challenging because
M. analis kills and consumes its termite prey fresh (132), and no evidence of food reserves has
been found in its nests (132, 133, 136).

3.2. Preferences and Predation Rates on Termites

Ants and termites share similar habitats and have engaged in an evolutionary arms race, with ants
evolving predatory tactics and termites evolving defensive strategies (17, 26, 32, 44, 52). Predation
by ants of the subfamilies Ponerinae and Myrmicinae is thought to have resulted in the evolution
of a termite soldier caste specialized in chemical and physical defense (120). Indeed, the presence
of ants in ecosystems can increase predation and control pests and fungi (93, 94).

Megaponera analis predates termites of the genera Macrotermes, Odontotermes, Microtermes,
Ancistrotermes, Cubitermes, Pseudocanthotermes, Synacanthotermes, and Trinervitermes (Table 1). In
habitats where more than one genus of termite prey is available, preferences of and choices by ants
depend on the presence, abundance, foraging behavior, size (reward), and defenses of the termites
(7, 38, 73, 87, 135). Predation rates differ depending on habitat, nest, season, and prey type. In sa-
vannas, they range from 200 to 1,000 termites per nest per day (65, 73, 135), and in forests (7), up to
5,000 termites per nest per day (Table 1). Although predation rates of 42 to 141 termites/(m2·ha)
may seem negligible, the overall impact on a habitat becomes significant when considering the
frequency of raids per nest and the number of ant nests per hectare, which has been estimated to
range from 1 to as many as 22 (Table 1).

3.3. Rescue Behavior and Care for Injured Nestmates

One of the key drivers for the success of eusocial insect societies lies in altruistic behaviors dis-
played byworkers caring for offspring that are not their own (13),much to their detriment.Worker
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Table 2 Semiochemicals used byMegaponera analis, their sources, and the behaviors and activities they regulate

Behavior type Semiochemical Source Activity Reference(s)
Nestmate recognition Methyl-branched alkenes Secretions from the

Dufour’s and
mandibular glands
found on the cuticle

Nestmate
recognition

135, 136

Task allocation Short-chain hydrocarbons
(C10-C13)

Cuticular hydrocarbons Task allocation and
communication
during raids

134, 136

Alarm/help n-undecane, n-tridecane ND Alerting nestmates of
danger

131, 134

Raid coordination/
organization

Pyrimidone
(N,N-dimethyluracil),
monoterpene alkaloids
(actinidine, valerian)

Pygidial and poison
glands

Trail following and
recruitment

50, 59, 69

Scouting Hydrocarbon (naphthalene),
aromatic ketone
(2-acetonaphthone)

Termite soil galleries Detection of
termites before
raids

70, 133

Identification of injured
nestmates

Hydrocarbons and proteins Metapleural glands Solicitation for help
removing termite
soldiers and
wound treatment

36

Retinue Compounds not identified Intersegmental glands Worker attraction
and retinue
behavior

51

Abbreviation: ND, not determined.

ants provide help to nestmates that are in distress, putting themselves at risk—a helping behav-
ior known as rescue (83). The adaptive value of rescue behavior outside the nest by ants was first
observed in M. analis when raiding parties were attacked by driver ants (Dorylus spp.) and the
major workers were seen assisting minor workers remove the attacking Dorylus, with some even
returning to assist other workers (58). Rescue and helping behaviors are observed after raids, when
M. analis workers (helpers) carry nestmates that have reduced mobility (Figure 2d) resulting from
injuries by termites or exhaustion (14, 39, 135). Despite suffering injuries, including limb loss,
nearly half of the injured ants had a termite clinging to them (39). Nestmates are attracted to in-
jured workers through the release of pheromones from the mandibular glands (Table 2) of the
injured worker, which elicits inspection and assessment of the injury by nestmates. If help is not
received, the injured ant succumbs to her injuries or becomes easy prey to predators (34). Back in
the nest, clinging termites are removed and wounds are treated aseptically (Figure 2d) by groom-
ing and applying antimicrobial compounds secreted by the metapleural glands (36, 39, 40). Injured
ants requiring treatment are distinguished from healthy nestmates by their cuticular hydrocarbon
profiles, with treatment of wounds reducing mortality by 90% (36). Although the mechanism of
wound healing in M. analis has not been studied extensively, wound healing in some insects has
been previously described (63, 115, 126). The complex secretions from the metapleural glands,
which contain 112 compounds that include proteins, are used for the treatment of wounds (36). It
would be interesting to identify the wound-healing proteins. Comparative studies of wound treat-
ment by other ants (9) are required in order to understand its evolution and potential application
in entomotherapy.
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4. COMMUNICATION INMEGAPONERA ANALIS

Communication is central to the regulation of eusociality (52), in which chemical signals
(pheromones) from exocrine glands (5, 10, 118) play a key role in mediating behaviors (49) and vi-
sual and acoustic cues are usedmainly for navigation (123), orientation (108), and distress calls (53).
Group raiding byM. analis is coordinated with the use of semiochemicals comprising pheromones
released from the mandibular, poison, Dufour’s, metapleural, and pygidial glands of ant workers
and allelochemicals (interspecific chemical signals) in the form of kairomones from termite prey
(36, 50, 51, 59, 69, 70, 133–136).The semiochemicals used byM.analis are from different chemical
classes and vary according to behavior, activity, and context/audience (Table 2).

Nestmate recognition, task allocation, and identification of injured workers are facilitated by
short-range cues made up of cuticular hydrocarbons (36, 134, 136) from the Dufour’s gland and
secretions of the mandibular glands (69). Cuticular hydrocarbons fromM. analis workers have an
interesting chemistry, with the long chains varying between populations and the shorter chains,
including the candidate alarm pheromones n-undecane and n-tridecane, conserved among popu-
lations (131, 134).These cues are usually volatile, facilitating ease of detection by nestmates during
raids or in the hive where rapid and fast communication is needed.

Earlier work identified the pyrimidone N,N-dimethyluracil and the monoterpene alkaloid
actinidine [also a plant metabolite found in the silver vine (Actinidia polygama) and valerian
(Valeriana officinalis)], produced by the pygidial and poison glands, as trail following and recruit-
ment pheromones, respectively (50, 59, 69) (Table 2). These semiochemicals are less volatile,
enabling detection during trail following by raiding ants that have to follow the path laid by the
scout on the outward journey, and by the raiding party after the raids (see Section 3.1). The per-
sistent nature of these pheromones also ensures the consistency of trails so that the ants are not
lost, thus preventing disorientation during the raids.

Scouts eavesdrop on termite communication (124) by using chemicals (naphthalene and
2-acetonaphthone) embedded in termite soil sheeting (Table 2) as long-range host-finding cues
and vibrations as determinants of short-range cues during foraging (70, 133), without needing to
take samples of prey back to the nest as an indication of successful scouting.

While most chemical communication work was centered on workers, queens ofM. analis have
been observed attracting retinues using pheromones emitted from their intersegmental glands
that are surrounded by sclerites (51). Little is known about the use of acoustic signals byM. analis
besides the fact that it stridulates when disturbed or during raids (50).

Stridulation is hypothesized to deter predators, with no established role in communication be-
cause it is transmitted through substrates (33, 48) and is usually loud (50–70 dB by M. analis).
Although this is the general view among myrmecologists, the adaptive role of acoustic commu-
nication (45, 53) in many ant species is debatable in the context of ant behavior and sensory
physiology.

5. PROSPECTS OFMEGAPONERA ANALIS AS A NATURAL SOURCE
OF BIORATIONALS FOR MANAGING TERMITES

Termites play a vital role in the stability of ecosystems, especially in the tropics, by facilitating
soil fertilization, bioturbation, formation, and decomposition of organic matter (47, 82). Despite
these positive attributes, they are also notorious for the damage they inflict on wooden struc-
tures and agricultural products (47, 113), causing annual losses amounting to $40 billion globally
(2, 3, 103). In the tropics, the damage caused by termites could lead to crop losses of 5–100%
(76, 80). Synthetic chemical insecticides, the mainstay for termite management, are harmful to
human health, damage the environment, and cause insecticide resistance in termites. Insecticide
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resistance has already been demonstrated for several species of termites at different tropic lev-
els (85, 105, 114). These negative effects of synthetic chemical insecticides call for the use and
adoption of safer alternative management strategies, including biorationals for termites in an in-
tegrated pest management (IPM) approach (2, 24, 64, 68). Such IPM tactics should include the
use of semiochemical-based baits to attract or repel termites. Knowledge from studies ofM. analis
semiochemicals, especially those of compounds used during raids, in alarm pheromones, and for
detecting termites (133, 134), can be explored to develop attractants and repellents similar to those
from other dolichoderine ants (22, 44).

Predation by ants and the significant impact it has on different tropic levels in tropical agroeco-
logical systems make them viable tools for pest regulation and integration into IPM strategies (93,
94, 104, 121). Some of the favorable attributes that make use of ants as suitable biocontrol agents
include their abundance, responsiveness to prey densities, ability to store food in their nests, deter-
rence of large predators, wide habitat range, and ability to be manipulated for the purpose needed
(98, 121). Prey specialization on termites of economic importance makesM. analis a good candi-
date for inclusion in an IPM program against termites that will reduce the use of toxic chemicals.
Knowledge of raiding dynamics and impacts of predation on termites can be explored in a way
similar to that for Oecophylla, Dolichoderus, Formica, Azteca, Wasmannia, Anoplolepis, and Solenopsis
species used as predators in different habitats worldwide (84, 121). Unlike the use of baits, IPM
approaches will be viable only in habitats that are suitable for M. analis; as such, these methods
may be restricted to the tropics. The possibility that the introduction of the ants into new habitats
could result in the displacement of native termite predators and or other beneficial ant species,
including the beneficial species becoming a pest, must be addressed prior to their introduction
into new landscapes. Another consideration is the challenge of removing the ants if they are not
needed in the system, as their defensive strategies include painful bites and stings (6). A similar
challenge has been observed in which Oecophylla spp. are used to control pests in orchards (84).

6. KNOWLEDGE GAPS AND DIRECTIONS FOR FUTURE RESEARCH

Five decades of research on the African termite-raiding ant,M. analis, have examined and revealed
its natural history, raiding behavior, chemical communication, wound treatment, and helping be-
haviors (23, 35–40, 50, 51, 65–67, 69, 70–73, 77, 87, 122, 133–136).Despite these advances, genetic
information onM. analis is still poorly understood.Only one study exists, conducted by Pohl et al.
(95) on social and population genetics, which revealed monogyny and monandry and evidence of
gene flow between four subpopulations found in ComoéNational Park, Côte d’Ivoire. Its genome
is yet to be sequenced, nor are there any comparative studies of the genetics of the six known
subspecies found on the continent. Given the diversity and wide distribution of the species and
the availability of high-throughput sequencing capability, such a continent-wide study should in-
clude males and focus on genetics, which would not only proffer insights into behavior but also
help identify specific genes and/or enzymes of importance for the development of termite con-
trol methods. Comparative studies of nesting, scouting behavior, reasons for frequent migration,
reproduction, and termites’ dietary preferences will be useful in developing region-specific IPM
strategies against termites. Such studies can apply stable isotope techniques to determine diets
and modeling to determine habitat suitability and the optimal number of nests required for ef-
fective biocontrol. Habitat suitability studies should include modeling that incorporates present
prey distributions and future scenarios amid climate change, which has been forecasted to affect
subterranean termites (54, 86).

To ensure the development of effective target-specific semiochemical-based management, bio-
prospecting studies should look at differences in the composition of chemical signals between
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subspecies and regions. This is important considering the wide distribution ofM. analis in differ-
ent habitats and its display of differences in raiding behavior and prey choices. Indeed, regional
differences have been shown in the composition of pheromones from the mandibular gland of
African honey bees (137, 138) and for different populations of Nesidiocoris tenuis, the predator of
the South American tomato pinworm, Tuta absoluta, a pest of economic importance in tomato
production (1). Compounds released by the metapleural gland for treating wounds (36) need to
be further explored to identify active compounds/fractions that could be applied in entomother-
apy for wound healing and possible antimicrobial activity against antimicrobial-resistant human
pathogens. Concepts of organization, communication, and division of labor in ant societies have
been used to develop models for application in neural networks (130), engineering design prob-
lems (61), control system coordination (117), optimization of static mobile sensor networks (19),
swarming behavior, and artificial intelligence (4, 78). Raids and the way they are conducted with
precision, clear division of labor, optimized energy cost, and synchronization with prey forag-
ing behavior have potential applications in computer networking and allocation of computing
resources for maximum output.

7. CONCLUDING REMARKS

The fascinating behavior of the African termite-raiding ant, M. analis, gave rise to the interest
in this species, with a resultant growing body of literature covering its biology and functional
ecology in tropical African savannas. To date, we are privileged to know some aspects of how
raids are organized, from foraging to conducting the actual raids, including division of labor and
communication within and outside the nests.However, we still do not know what governs some of
these behaviors in the different subspecies or how these subspecies differ from each other. There
are no efforts to apply the knowledge to practical termite management. Fundamental questions
on the functional ecology ofM. analis remain unanswered. By answering these questions, we may
better understand this fascinating ant and ant evolution and apply this knowledge to different
fields.
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