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Abstract Under the pressure exerted by humans on
forest ecosystems, agroforestry is promoted to main-
tain a balance between forest and agricultural eco-
systems. Agroforestry systems are the center of inter-
actions between crops and other plants and between
fauna and flora. Within this faunistic diversity, ants
occupy a prominent place through their protective
association with some tropical plant species as natu-
ral enemies of their arthropod pests. In this study, we
analyzed the effects of the diversity of trees associated
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with cashew trees and of cashew tree density on ant
abundance/diversity in cashew agroforestry systems.
The study was conducted in 12 cashew orchards in
central Benin. Data on the diversity and densities of
ground-dwelling and arboreal ant species were col-
lected using hand and bait traps. The diversity of
trees in the orchards and cashew tree density were
also determined. Twenty ant species were collected
among which the most abundant were Pheidole spp.,
Lepisiota sp., Paratrechina longicornis, Camponotus
sericeus, Brachyponera sennaarensis, Camponotus
spp., and Oecophylla longinoda. Tree diversity and
cashew tree density in those orchards had signifi-
cantly positive effects on the ant densities but not on
ant diversity. Structural equation modeling showed
that the abundance of ants increased the diversity of
ants, which decreased the herbivory index. Based on
the important role of ants as biological pest control
agents, it is worth promoting agroforestry systems in
cashew orchards to increase ant abundance, thereby
improving their productivity.

Keywords Orchards - Conservation biological
control - Biodiversity - Ant - Forest conservation -
Benin

Introduction

In agricultural and forestry systems, Conservational
biological control (CBC) can foster sustainable yields
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at lower costs than alternative non-sustainable meth-
ods based on chemical pesticides (Offenberg 2015).
One of the key components of CBC is the imple-
mentation of practices that maintain and enhance the
reproduction, survival, and efficacy of natural ene-
mies (predators, parasitoids, and pathogens) of pests
(Van Lenteren 2000; Chailleux et al. 2013). In addi-
tion, recent studies in agroecosystems have revealed
that generalist predators (single- and multiple-species
assemblages) are the most involved in controlling
herbivore abundance (79% of studies), thereby reduc-
ing plant damage and increasing plant yields (65% of
studies) (Symondson et al. 2002; Dassou and Tixier
2016). Among these generalist predators, ants are an
important and one of the most abundant and diversi-
fied groups, with an estimated world population of
10" adults (Wilson 1971). In tropical ecosystems,
ants may represent up to 80% of animal biomass
(Holldobler and Wilson, 1990). Given the potential
role of ants as biological pest control agents in agroe-
cosystems (Dassou et al. 2023), it is worth investigat-
ing the functionality of different tropical ecosystems
to promote those that positively affect ant densities.

Tropical agroforestry systems are characterized
by the presence of trees associated with the crop
areas, thereby creating landscapes called “parks”
or “agrosilvopastoral landscapes” (Zomboudré
et al. 2005). These agroforestry systems capitalize
on land use strategies that associate trees and culti-
vated plants in a random spatial arrangement (Sinclair
1999; Boffa 2000). This is precisely the case in Benin
for well-known native savannah tree species such as
Parkia biglobosa (Jacq.) Benth, the shea tree Vitel-
laria paradoxa CF Gaertn. F. (Gbemavo et al. 2010),
and planted tree species such as cashew (Anacardium
occidentale L), which are maintained together with
food and cash crops (Agbahungba and Depommier
1989). Agroforestry systems are generally character-
ized by a canopy cover of shade trees below which a
wide range of crop plants can be grown (Schroth et al.
2004). Consequently, in human-dominated deforested
landscapes, agroforestry systems provide the only
remaining habitat type with a substantial tree cover
(Schroth et al. 2004).

Interactions between ants and plants are a key phe-
nomenon in moist agroforestry systems (Philpott and
Armbrecht 2006; Gras et al. 2016). Ants reduce some
undesirable pest populations by directly preying upon
them, chemically deterring them, or causing them to

@ Springer

drop off the host plants that they are attacking (Way
and Khoo 1992). Therefore, most functional studies
on these relationships have been devoted to the ques-
tion of the protective value of ants on those plants,
often using a rather general approach. For instance,
whereas Offenberg (2015) showed that ants play
important ecological roles in agroforestry systems,
other studies reported that management practices can
strongly influence ant behavior and their potential for
providing biological pest control services (Armbre-
cht and Gallego 2007; Teodoro et al. 2010; Abdulla
et al. 2016). Surprisingly, however, very few studies
have examined the relationship between ant density
and tree density or diversity in agroforestry systems.
The study by Philpott et al. (2006) showed that ant
diversity generally decreased with the intensifica-
tion of coffee- and cocoa-based agroforestry systems.
Another study has shown the interactions of ants with
cashew trees and has specified that ants are often
attracted to a large number of extrafloral nectaries on
leaves, inflorescences, flowers and developing nuts
(Rickson and Rickson 1998). In India, the ant species
richness has been studied and their interactions with
cashew trees (Vanitha et al. 2017), but did not show
how other associated trees in the orchard environment
could affect this ant species richness. However, the
literature lacks a summary of the known mechanisms
that govern the declining ant diversity and how this
diversity loss may affect the role of ants as predators
of insect pests. Moreover, the effect of tree richness
(i.e., density and diversity) is not always positive on
the predator community, as shown in Poeydebat et al.
(2017), and thus still needs to be investigated.
Generally, agroforestry systems based on cashew
trees (A. occidentale) are one of the most widespread
in West Africa. Indeed, cashew is an important cash
crop that attracts several growers and even develop-
ers as it significantly contributes to the gross national
product of many countries. Because of this growing
interest in cashew nut production and the need to
increase its productivity, the predatory role of ants in
cashew agrosystems is worth exploring. The hypoth-
esis of our study is to show how the heterogeneity
of cashew orchards with a gradient of tree diversity
and cashew tree density could improve the conserva-
tion and abundance of predatory ant species. We also
expected to find that conservation of ant species in
cashew orchards would contribute to a reduction in
herbivory in these cropping systems. In that respect,
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our study aimed to (i) determine the structure of ant
communities in a cashew tree-based agroforestry sys-
tem; (ii) assess the effect of tree density/diversity on
the diversity of ant communities and herbivory index
in a cashew tree-based agroforestry system; and (iii)
determine the relationship between cashew tree loca-
tions and the abundance of ant populations.

Materials and methods
Study site

The study was conducted in the municipalities of
Dassa-Zoumé (longitude: 2°10'59.99"E and latitude:
7°45'0.00"N), Glazoué (longitude: 2°14'14.40"E
and latitude: 7°58'14.99"N), and Savalou (longi-
tude: 1°58'32.09"E and latitude: 7°55'41.05"N) in
the Department of Collines in Central Benin. The
study covered a total area of 13,931 km?, character-
ized by a series of bare hills with an average eleva-
tion of 200 m above sea level. The climate is of the
subequatorial type, dominated by two rainy seasons
and two dry seasons. The average annual rainfall
oscillates between 960 and 1256 mm, whereas the
average temperature varies between 24 and 29 °C
(Adomou, 2011). Covered with natural vegetation,
the municipality of Dassa-Zoumé is a peneplain with
savannah and a shrubby cut of deciduous and semi-
deciduous forests and some forest galleries along the
rivers. The vegetation at Glazoué and Savalou is also
made up of natural vegetation (riparian forests, gal-
lery forests, dense forests, dry forests, clear forests,
wooded savannahs, and savannahs), and teak planta-
tions. Soils in the study area are tropical ferruginous
with concretions at some places. There are also some
hydromorphic soils and vertisols (Adomou, 2011).

Village selection criteria

The choice of villages was made based on cashew
production and the size of the areas planted with
cashew trees. This information was gathered from the
villagers and complemented by our direct observa-
tions in each village. In each village, a plantation of
around 2 ha in size and in associations with tress was
selected. These criteria were used to compare the level
of plant diversity between the selected plantations. In
each of the three municipalities, four villages were

selected, resulting in a total of 12 cashew orchards
involved in the study. These included community as
well as individual plantations, both of which exhib-
ited several forms of flowering. In the study area, the
first plantations were planted around 1965 while the
young plantations were around 10 years old. We have
selected young plantations that were set up by farmers
with wide margins, thereby allowing intercropping
with maize and groundnuts. These plantations were
covered by weeds, principally Andropogon gayanus
Kunth, Panicum maximum Jacq., and Imperata cylin-
drica (L.) Raeusch. The average cashew nut yield of
285 kg per ha (Arouna et al. 2010).

Characterization of the plots studied

In the study area, cashew trees were generally planted
at a spacing of 12 m within each row and 12 m
between rows; this spatial organization is recom-
mended for the optimal use of products. The cashew
trees were in flowering and fruiting phases. Cashew
orchards were thinned with a periodicity of 5 years.
In each village, the study objectives were explained
to cashew farmers as a group. In the center of each
orchard studied, an experimental plot of 1 ha was
delimited. Then, cashew trees within this plot were
counted to determine their abundance or density in
these plantations. Other trees associated with cashew
trees were also listed and counted to study the het-
erogeneity comprising the diversity of trees in these
agroforestry systems.

Assessment of ant densities

The study was carried out for 2 months (from April
to May) in the rainy season of 2017 and was repeated
for two more months (November and December) in
the dry season of the same year. Ants were collected
in the morning, between 08:00 and 12:00, once dur-
ing the rainy season and once in the dry season. Both
the abundance and diversity of ant communities were
assessed using two collecting methods: i) using a
standardized attractive device consisting of a white
ceramic tile (3020 cm) to collect ground-dwelling
ant species (Dassou et al. 2015) and ii) direct col-
lection by hand to collect arboreal ant species on the
trunk, branches, and leaves of cashew trees.

For the first method, a total of 10 white ceramic
tiles were randomly placed around the base of 10
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cashew trees in each experimental plot. In the center
of each tile, 10 g of bait (5 cm in diameter) composed
of honey mixed with sardine (Dassou et al. 2015,
2016, 2017) was deposited to attract the ants. After
10 min, a picture was taken using a high-resolution
camera, and the ants on the tile were counted and
identified. Following observations on each tile con-
tinued for at least 60 min, which allowed other ants
to be recorded and counted after the departure of the
dominant species. The ants that fled from the bait
were identified and counted in the laboratory using
the images taken by the camera.

Direct collection by hand was used to assess the
abundance and diversity of arboreal ants. All the ant
samples were kept separately per tree and orchard and
were preserved in 70% ethanol and brought to the lab-
oratory for their identification. The ant samples were
identified at the entomology laboratory of CIRAD,
Montpellier using the identification key "Ants of
Africa and Madagascar" by Fischer and Bolton
(2016). Ant densities were estimated by considering
the number of each species per ha of cashew orchard
by pooling together hand-collected and bait-collected
samples.

Assessment of herbivory

The herbivory by insects was also evaluated. The
mean leaf herbivory index was identified as follows:
0O=no damage; 1=little damage (pinholes and/or
small holes); 2=mean damage (some larger holes
and/or larger leaf edge areas eaten); and 3 =heavy
damage (many larger holes and/or larger leaf edge
areas eaten). This score was assigned to each cashew
plant based on an overall observation of the damage
level to the leaves. The evaluation of herbivory was
made using the 10 cashew trees selected for the ant
density measurements in each experimental plot. Vis-
ual observation of the damage was carried out by the
same person throughout the experiment.

Data analyses

Catches from the traps were examined and counted to
identify the dominant ant species. We used a Poisson
generalized linear model (GLM) to test the effects of
tree diversity and cashew tree densities in the selected
orchard on (i) the species richness of the ant commu-
nities; (ii) the density of the ant communities; and (iii)
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the density per ant species. The GLM was also used to
test the effects of locality on (iv) the species richness of
the ants and (v) the density of the ants. Visualizations
of the relationships between variables were performed
using the ggplot function of the ggplot2 package
(Wickham, 2016). GLMs of the Poisson family were
made using the GLM function of the “car” package
(Fox and Weisberg, 2011). In the event of overdisper-
sion, the quasi-Poisson family was used to perform the
analyses. The cashew tree density variable did not fol-
low the normal distribution and was transformed using
the log (x)+1 function. Tree diversity was assessed
with the Shannon index. The relationships between tree
diversity, cashew tree density, and diversity/abundance
of ants and between the abundance/diversity of ants and
herbivory index were analysed using structural equa-
tion modeling (SEM) with the lavaan package (Rosseel
2012). Marginal R? was used as an absolute value for
the goodness-of-fit of the models (Nakagawa and Schi-
elzeth 2013). All statistical analyses were carried out
with R software version 4.2 and an alpha level of 0.05
(R Core Team 2019).

Results

Ant density in cashew tree-based agroforestry
systems

From the 12 study sites, a total of 3,472 individual
ants belonging to 20 different species were collected
during the study period. The most abundant species
or morphospecies, with densities greater than 100
individuals per ha, were Pheidole sp.1 (578 individu-
als), Lepisiota sp. (502 individuals), Paratrechina
longicornis (430 individuals), Camponotus sericeus
(412 individuals), Pheidole sp.2 (398 individuals),
Brachyponera sennaarensis (282 individuals), Cam-
ponotus sp.5 (278 individuals), Oecophylla longi-
noda (134 individuals), Pheidole megacephala (114
individuals), and Camponotus sp.1 (110 individuals)

(Fig. 1).

Influence of the diversity of trees associated with
cashew trees and of cashew tree density on ant
density and diversity

Many trees were associated with cashew trees in
sampled orchards (Table 1). Overall tree diversity
(Df=118, AIC=511.6, p=0.24) and cashew tree
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Tapinoma sp O. troglodytes, Lepisiota sp., Camponotus sp.1, and

Mg{g;’;ﬁf;gi % Camponotus sp.2 (Fig. 3).
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Brachyponera :232;:25;; I I noda, Crematogaster sp.2, O. troglodytes, Campono-
Camponotus sericeus | tus sp.2, Monomorium sp., Hypoponera sp., P. mega-
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S A A tree density and the density of B. sennaarensis, C.

T &8 8 § B8 8 sericeus, Lepisiota sp., and P. longicornis (Fig. 4).

Density of ants per ha

Fig. 1 Density of ant species collected from cashew tree-
based agroforestry systems. This shows the density of each ant
species per hectare of cashew plantation

density (Df=117, AIC=512.3, p=0.3600) had no
significant effects on the species richness of the ant
communities in this agroforestry system. In contrast,
the diversity of the associated/intercropped trees
(Df=118, AIC=4741, p<0.00001) and cashew tree
density (Df=118, AIC=4533, p<0.00001) had sig-
nificant effects on ant densities, which increased with
cashew tree densities (Fig. 2). More specifically, tree
diversity had significant effects on the densities of
the ant species C. sericeus, Camponotus sp.1, Cam-
ponotus sp.2, Camponotus sp.5, Lepisiota sp., Odon-
tomachus troglodytes, Pheidole sp.1, and Pheidole
sp.2 (Table 2). However, the effects were negative on

SEM analyses showed that a high density of
cashew trees increased ant density and also herbivory
by insects. High ant diversity leads to high ant den-
sity, which was negatively related to the herbivory
index. Tree diversity was negatively related with the
herbivory index but had no significant effect on ant
diversity and abundance (Table 4; Fig. 5).

Influence of locality on the species richness and
density of ants

Locality had a significant effect on ant diversity
(Df=2, AIC=69.69, LRT=34.16, p<0.00001),
ant species richness (Df=2, AIC=513.16,
LRT=96.378, p<0.00001), and ant density (Df=2,
AIC=4787.7, LRT=552.46, p<0.00001). The
municipality of Glazoué had the highest ant density
with 1824 ants followed by Dassa-Zoumé with 898
ants and Savalou with 752 ants.

Table 1 Plant species

! . Associ- Common names Orders Families Genus and species Densities

associated with cashew ated

Ertiii 612 the three locations trees
1 Cashew tree Sapindales Anacardiaceae = Anacardium occidentale 5514
2 Lemon tree Sapindales Rutaceae Citrus limon 30
3 Mango tree Sapindales Anacardiaceae = Mangifera indica 314
4 Neem Sapindales Meliaceae Azadirachta indica 112
5 Orange tree Sapindales Rutaceae Citrus sinensis 114
6 Oil palm tree Arecales Arecaceae Elaeis guinense 100
7 Locust bean tree  Fabales Mimosaceae Parkia biglobosa 138
8 Teak Lamiales Lamiaceae Tectona grandis 70
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Fig. 2 Influence of cashew tree density on ant density. A cor-
relation was realized between the density of cashew trees and
the density of ants collected. To normalise the data, the cashew
tree density was transformed using the function log (x)+ 1

Discussion

Overall, 20 species of ants were collected in the sam-
pled fields; the most abundant species were Phei-
dole spp., Lepisiota sp., P. longicornis, Camponotus
spp., and O. longinoda. These ant species were also
reported by Agboton et al. (2014) as being dominant
in cashew systems in Benin. Their abundance could
be explained by the fact that these species have com-
petitive traits, and their large numbers could have
favored them in the event of interspecific competi-
tions with other ant species for space (Sarty et al.
2006). They are also known to occupy most of the
trees in cocoa plantations while excluding the less
competitive species with which they share ecological
niches (Room 1971). Ants are acknowledged as play-
ing an important role in protecting plants/trees against
phytophagous insects, including phyllophagous, car-
pophagous, sapro-xylophagous, and xylophagous
insects (Fiala et al. 1989; Del-Claro et al. 1996).
Dominant ant species can reduce the species richness
of natural enemies and the ecological stability of the
food web because of their aggressive behavior, which
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Table 2 Effect of tree diversity on the density of each ant
species. LRT: likelihood ratio test; Df: degrees of freedom;
AIC: Akaike information criterion; Pr: probability

Ant species Df AIC LRT Pr (>Chi)

Brachyponera sennaa- 1 810.12 1.65 0.198

rensis

104590 6.29 0.012*
337.24  26.17 <0.00001%*%**
448.25 49.27 <0.00001%***
170.25 0.02 0.874

91.63 0 0.999

973.30 82.13 <0.00001%*%**
391.74 0.058 0.809

83.97 0 0.999

72.96 0 0.999

103.71 0.014 0.903
1500.40 8.36  0.003 **
5420 O 0.999

86.79 435 0.036 *

Camponotus sericeus
Camponotus sp.1
Camponotus sp.2
Camponotus sp.3
Camponotus sp.4
Camponotus sp.5
Crematogaster sp.1
Crematogaster sp.2
Hypoponera sp.1
Hypoponera sp.2
Lepisiota sp.
Monomorium sp.

bt b b e e e e e e e e e

Odontomachus troglo-
dytes

237.07 0O 0.999
1066.80 3.05 0.081
471.86 0 1

134520 4.16 0.041 *
134330 65.66 <0.00001%*%**
4 0 1

Oecophylla longinoda 1
Paratrechina longicornis 1
Pheidole megacephala 1
Pheidole sp.1 1
Pheidole sp.2 1
Tapinoma sp. 1

*Low significant; ** mean significant; *** high significant

excludes other species from their territory and food
sources (Gibb and Hochuli 2003).

The diversity of other tree species encountered
within the cashew orchard did not influence the
diversity of ant species. This observation could be
explained by a higher preference of ants for cashew
trees, but also by a possible reduction in ant diver-
sity by the most dominant ant species through com-
petitive displacement of the less competitive spe-
cies. Our results are in line with those by Poeydebat
et al. (2017), who showed that tree richness did not
increase the abundance of predators in tropical agro-
forestry systems. However, they contrast with those
reported by previous studies that showed that hetero-
geneous landscapes increase the diversity and rich-
ness of ant communities (Ribas et al., 2007; Pacheco
and Vasconcelos 2012).

Cashew tree-based agroforestry systems are very
complex. Cashew trees are associated with other
large trees such as P. biglobosa, V. paradoxa, and
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Fig. 3 Variation in the effect of tree diversity on the density of
ant species. The estimates of the models used show the direc-
tion of variation in the effects of plant diversity on ant abun-
dance. These estimates are used to make the histgram to show
the positive or negative effect of plant diversity on the abun-
dance of each ant species

Table 3 Effect of cashew tree density on the density of each
ant species. LRT: likelihood ratio test; Df: degrees of freedom;
AIC: Akaike information criterion; Pr: probability

Ant species Df AIC LRT  Pr (>Chi)

Brachyponera sennaarensis 1 956.27 147.81 <0.00001
Camponotus sericeus 1 1259.20 219.57 <0.00001
Camponotus sp.1 1 56846 257.38 <0.00001
Camponotus sp.2 1 492.06 93.08 <0.00001
Camponotus sp.3 1 198.18 27.95 <0.00001
Camponotus sp.4 1 151.62 59.99 <0.00001
Camponotus sp.5 1 893.80 2.62 0.104
Crematogaster sp.1 1 39228 0.61 0.436
Crematogaster sp.2 1 150.63 66.65 <0.00001
Hypoponera sp.1 1 119.62 46.65 <0.00001
Hypoponera sp.2 1 103.84 0.15 0.697
Lepisiota sp. 1 1496 3.96 0.046 *
Monomorium sp. 1 8754 33.33  <0.00001
Odontomachus troglodytes 1 12431 41.86 <0.00001
Oecophylla longinoda 1 683.66 446.59 <0.00001
Paratrechina longicornis 1 132290 259.12 <0.00001
Pheidole megacephalla 1 851.80 379.93 <0.00001
Pheidole sp.1 1 1342.60 149 0.222
Pheidole sp.2 1 1439.60 162.01 <0.00001
Tapinoma sp. 1 4 0 1

*: low significant; **: mean significant; ***: high significant

Fig. 4 Variation in the effect of the density of the cashew trees
on the density of ants. The estimates of the models used show
the direction of variation in the effects of cashew density on
ant abundance. These estimates are used to make the histgram
to show the positive or negative effect of cashew density on the
abundance of each ant species

Mangifera indica L, which are known to occupy
relatively large land spaces. This complexity of the
system may hinder the dispersal capacity of some
ant species, thereby limiting their species richness.
Resources in simple habitats are more accessible
than those in more complex habitats (Gibb 2005).
Therefore, in such complex habitats, smaller and less
competitive ant species may be prone to disappear
(Fewell 1988). Other factors that could interfere with,
or reduce ant diversity, in cashew systems include
the destruction of some plants that shelter ants by
bushfires that are intentionally or accidentally made
by farmers, especially during the dry season, to clear
their field plots from weeds. Indeed, slow ground ant
species may be killed during these bushfire events.
Cashew plantations in Savalou and Dassa-Zoume
have fewer ants than those in Glazoué. This shows
that farmers in these two localities do not use good
practices that could improve the conservation of ants
in cashew plants.

Whereas tree diversity within the cashew
orchards did not influence the diversity of ant com-
munities. This result can be justified by the fact that
cashew plantations are fairly large and we did not
select several experimental sites in order to observe
a gradient in the diversity of trees associated with
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Table 4 Pathway

k X Responses Predictors DF  Critcal-value Estimate p value
coefficient estimates,
Crmial V?UGS’ iﬂdSEM ) Abundance of ants  Density of cashew trees 117 2.62 0.23 0.009%*
p-values from the SEM o Diversity of ants  Diversity of trees 117 -041 ~0.03 0.68
relationships between the
diversity of trees or density Abundance of ants  Diversity of trees 117 -0.07 -0.89 0.94
of cashew trees and the Diversity of ants Abundance of ants 117 9.72 0.18 <0.00007 ***
abundagche/déffefslty %f _ Index of herbivory ~ Diversity of trees 117 -=3.11 -3.11 0.0023%*
ants and herbivory Incex In Index of herbivory ~ Density of cashew trees 117 2.49 2.8 0.0138%*
cashew cropping systems
Index of herbivory  Diversity of ants 117  —0.007 -0.12 0.99
Index of herbivory =~ Abundance of ants 117 -03 -0.21 0.0007 ***

Fig. 5 Structural equa-
tion model (SEM) of the
relationships between the
diversity of trees or density
of cashew trees and abun-
dance/diversity of ants and
herbivory index in cashew
cropping systems. Full and
dashed arrows represent
(p<0.05) significant and
(p>0.05) non-significant
relationships, respectively.
Marginal R? values for
each response variable are
indicated

Diversity of trees in cashew cropping systems

the plantations and to better appreciate their influ-
ence on ant communities. Our study showed that
both the diversity of trees associated with cashew
trees and the density of cashew trees within an
orchard were associated with an increase in the
population densities of ant species. These findings
are supported by Vasconcelos et al. (2008), who
reported that vegetation composition can influ-
ence the availability of food resources (i.e., the
presence of plants with extrafloral nectars) and
ant nesting sites, as well as the species’ ability to
compete. Likewise, Davidson and Mickey (1993)
explained that ants maintain many interactions with
plants because some ant species live in mutual-
ism with host plants and protect them against her-
bivores (Bronstein 1998; Cushman, 1991). Our
results showed that ant abundance was negatively

@ Springer

Diversity of

Abundance
of ants

0.18***

Density of cashew trees

correlated with the herbivory index. This means
that ants reduce the damage caused by herbivorous
insects in cashew plants. In that respect, Pheidole
spp. and P. longicornis are considered as develop-
ing mutualistic interactions with their host plants
(Horvitz and Schemske 1990), as is the case for the
majority of ant species that are predators of her-
bivorous insects. One such example is that of Lepi-
siota sp., which is found in agroforestry systems
including cashew trees (Rickson and Rickson 1998;
Agboton et al. 2014) and has been shown to be a
predator of herbivores in banana-based cropping
systems in Uganda (Abera-Kalibata et al. 2007).
The presence of O. longinoda in these cashew tree-
based agrosystems is not surprising because this ant
species is a predator of some cashew pests (Dwo-
moh et al. 2009; Vaysieres et al., 2015).
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Implications of the study for the conservation of ant
communities

Although the weaver ant, O. longinoda, has long been
considered as a biological pest control agent of some
cashew pests, few studies have investigated the role
played by other ant communities in the cashew agroe-
cosystems. Our study revealed the occurrence of a high
abundance of other predatory ant species that dominate
cashew tree-based agroecosystems. Therefore, how
these ant species interfere/interact with O. longinoda
in cashew orchards needs to be investigated for the sus-
tainability of CBC programs involving cashew pests.
In addition, the diversity of trees in cashew tree-based
agroforestry systems was shown to increase ant density
and could, therefore, be a development lever for the sus-
tainability of these systems.

Conclusion

Our study is carried out to better understand the inter-
actions between trees and ant communities in cashew-
based agroforestry systems for their sustainability. The
study showed an increase in ant abundance through an
increase in tree diversity and density. These trophic and
non-trophic interactions have contributed to reducing
insect herbivory.
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