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Abstract

Our understanding of the role of fire and effect of ant species composition, beyond their diversity and abundance, on the 
effectiveness of mutualism defence is limited. Most of our knowledge of ant–plant defence in tropical Africa is biased 
towards East African savannas which have richer soil, higher primary productivity and a more diverse arthropods and 
mammal community than West African savannas. We assessed the diversity of ant species associated with Acacia species in 
the Pendjari Biosphere Reserve in the Dahomey Gap, and their impacts on elephant damage. Elephant damage, ant diversity 
and abundance were measured in stands of five Acacia species. Eleven ant species were identified in the Acacia stands. The 
composition of these ant communities varied across Acacia species. Pair of ant species co-occurred in only 2 % of sampled 
trees, suggesting a strong competitive exclusion. Within this annually burnt environment, ants were rare on small trees. 
The intensity of elephant-caused branch breaking did not vary between trees with ants and trees without ants, suggesting 
limited Acacia–ant mutualism. Such limited biotic defence may mask strong physical and chemical defence mechanisms 
of Acacia trees against elephant damage. Ant assemblages in West Africa, unlike those in the more productive East Africa, 
are particularly species-poor. However, there is a convergence between these two regions in low rate of ant co-occurrence 
which might indicate strong competitive exclusion. Our study suggests that such low ant species richness while limiting 
the efficacy of mutualism in controlling mega-herbivore damage may mask a strong defence syndrome.

Keywords:   Acacia species; ants; Dahomey Gap; defensive mutualism; elephant damage; plant–animal interactions; West 
African savanna.

  

Introduction
In African savannas, elephants (Loxodonta africana) confined 
to protected areas are a major driver of savanna dynamics, 
impacting trees through browsing, bark stripping and 
uprooting (hereafter called ‘elephant damage’) (Asner and 

Levick 2012; Kassa et al. 2014; Morrison et al. 2016; Salako et al. 
2016). Elephants disproportionately damaged certain tree 
species relative to their availability on the landscape as it is 
the case for Adansonia digitata, Borassus aethiopum (Salako et al. 
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2016) and Acacia senegal (Morrison et al. 2016). Many strongly 
selected species engage in defensive mutualism with ants 
that are effective in reducing browsing by elephants (Martins 
2010; Stanton and Palmer 2011; Palmer and Brody 2013). 
Some Acacia trees provide both nest space (‘swollen thorn’ 
domatia) and carbohydrate-rich extra-floral nectar for ants, 
and ants provide protection from vertebrate herbivore (Palmer 
and Brody 2007). In Africa, most evidence of this important 
mutualism comes from Acacia drepanolobium-dominated 
savannas in protected areas of East Africa (Palmer and Brody 
2013; Kimuyu et  al. 2014; Morrison et  al. 2016). Rare studies 
on ants or ant–plant mutualism in West Africa focus on early 
natural history of the role of ants in cocoa agroforestry in 
Ghana and Nigeria (Strickland 1951; Leston 1970; Adenuga 
1975; Majer 1976) with a few sampling in forest habitats 
(Belshaw and Bolton 1993, 1994). Recent work focussed on the 
role of weaver ant Oecophylla longinoda as biological control in 
orchards in Benin (Ouagoussounon et al. 2013; Vayssières et al. 
2015; Wargui et al. 2015; Wetterer 2017) but our understanding 
of ant defence mutualism in this region is still limited.

According to their aggressiveness and efficiency in 
defending trees against elephants, African acacia ants were 
classified into dominant (Crematogaster sjostedti), intermediate 
(C.  mimosae and C.  nigriceps) and subordinate (Tetraponera 
penzigi) species (Palmer et  al. 2013). The aggressiveness that 
underlies the defensive effects of ants against elephants also 
enables them to outcompete other ants (Heil 2013). The role 
played by ants in terrestrial ecosystems is always altered after 
human disturbance. In savannas, the species composition of 
ant communities varies across fire regimes (Parr et  al. 2004; 
Ratchford et al. 2005; Vasconcelos et al. 2008, 2017; Maravalhas 
and Vasconcelos 2014). Fire destroys many ant populations 
and can reduce ant diversity and abundance in terrestrial 
ecosystems, and ultimately contribute to the loss of the rare 
ant species and or limit their aggressiveness. In some Acacia–
ant systems, fire management can shift plant–ant occupancy. 
For example, many A. drepanolobium trees lost their ant colonies 
after burns (Kimuyu et al. 2014; Pringle et al. 2015). Fire-induced 
colony mortality was greatest for small trees (Kimuyu et  al. 
2014). Contrary to arboreal ants, fire increased the mean number 
of ant species on the ground within neotropical savannas 
(Frizzo et  al. 2012). Without their ant colonies, individuals of 
the myrmecophyte A.  drepanolobium were equally browsed as 
the typically non-myrmecophyte Acacia mellifera trees which 
experience catastrophic elephant herbivory (Goheen and 
Palmer 2010). Such tree vulnerability to elephant damages, 
due to increased fire, may have profound implications for 
population viability because Acacia adult trees have relatively 
low resprouting capacity (Morrison et  al. 2016). Individuals of 
A. mellifera remain non-myrmecophyte even when surrounded 
by individuals of the myrmecophyte A. drepanolobium (Goheen 
and Palmer 2010) indicating that not all Acacia species engage in 
mutualistic defence.

Understanding the ecological interactions between ant 
communities and Acacia damage by elephants is important for 
the sustainable management of these savanna ecosystems. In 
West Africa, the Biosphere Reserve of Pendjari is an ideal area for 
investigating Acacia–ant mutualism against elephant herbivory 
because the geomorphology of the reserve does not create 
natural refuge for tree species to escape elephant damage (Kassa 
et al. 2014). Unlike East African protected areas, large extensions 
of the savannas in the Pendjari are annually burnt (Azihou et al. 
2013) and dominated by species belonging to the Combretaceae 
family (Assédé et  al. 2012). Early fires are used yearly by the 

management of the Biosphere reserve to promote grass resprout 
which attracts wildlife closer to roads for viewing tourism while 
limiting higher rate of topkill for the woody species. Eleven 
Acacia species occur in the reserve including Acacia sieberiana, 
Acacia seyal, Acacia gourmaensis, Acacia hockii and Acacia dudgeonii 
which have been reported to be highly browsed by elephants 
(Azihou 2008; Assédé et al. 2012). The Pendjari Biosphere Reserve 
supports 869 elephants with a density of 1 individual per 6 km2 
(Bouche et al. 2011).

In this study, we assessed how the composition and diversity 
of ant species associated with Acacia trees in the Biosphere 
Reserve of Pendjari impact elephant damage. Because all 
management units of the reserve experience the same fire 
regime, we hypothesize that ant community will be similar 
across management units. We expect annual management fires 
to favour the richness of ground-dwelling ant species while 
hindering the establishment of arboreal ants on Acacia trees 
especially on smaller individuals. Following the competitive 
exclusion hypothesis, we expect a single ant species to be 
abundant on myrmecophyte Acacia individuals leading to rare 
co-occurrence of Acacia ants on the same tree. As observed in 
East African savannas, we finally predict individuals of non-
myrmecophyte Acacia species to suffer higher attack rates 
from elephants than would ant-inhabiting Acacia species. 
Testing such hypotheses in the Biosphere Reserve of Pendjari 
will provide new evidence on the effect of fire on Acacia–ant 
mutualism while filling the knowledge gap between Eastern and 
Western Africa on the tritrophic interaction between elephants, 
ants and Acacia species.

Materials and Methods

Study site

The Pendjari Biosphere Reserve is the uppermost north-west 
Benin in the Sudanian region of the Dahomey Gap (Adomou 
et al. 2006; Assédé et al. 2012) between the latitudes 10°30′ and 
11°30′N and the longitudes 00°50′ and 2°00′E. The reserve covers 
an area of 4661.4 km2 and includes the National Park of Pendjari 
or core zone (2660.4 km2) and the hunting zones (hunting zone 
of Pendjari: 1750 km2 and hunting zone of Konkombri: 251 km2). 
The core zone is a strictly protected area where the vegetation 
is less disturbed by anthropogenic activities; only ecotourism is 
allowed. The core zone and the hunting zones are surrounded 
by a buffer zone where human activities are under control 
(Assédé et al. 2012). These management units experience early 
vegetation fire on a yearly basis. Hunting elephants is prohibited 
in these management units. The climate of the Biosphere 
Reserve of Pendjari is characterized by one rainy season (April/
May to October) and one dry season (November to March). 
The total annual rainfall averages 1000  mm with 60  % falling 
between July and September. During the rainy season, large 
parts of the reserve are flooded. The mean annual temperature 
is 27 °C. In addition, the relative humidity varies between 17 and 
99 % over the year (Azihou 2013). The eastern part of the reserve 
is bordered by the Atacora mountain chain (400–513 m above 
sea level). Large isolated hills and floodplains are also present. 
The reserve is mainly characterized by tropical ferruginous soils 
except on hills (rock outcrops) and in flooded zones (clayey soil 
and silty soil) (Willaine and Volkoff 1967). The Pendjari is the 
only important river in the reserve that carries water throughout 
the year. It runs through the National Park of Pendjari and the 
Pendjari hunting zone. The vegetation of the Biosphere Reserve 
of Pendjari is dominated by savannas (tree, shrub and grass 
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savannas) with islands of woodlands, dry forests and gallery 
forests along rivers (Azihou 2013).

Sampling of the diversity and abundance of ants

We measured the diversity and abundance of ants once during 
the dry season after the annual vegetation fire in stands of 
A.  sieberiana, A.  seyal, A.  gourmaensis, A.  hockii and A.  dudgeonii 
in the Pendjari Biosphere Reserve. Data on ants’ abundance 
were collected on Acacia trees sampled in 28 plots of 100 m × 
100 m each. We sampled ants in eight plots for A. sieberiana sites 
and in five plots for each of the other Acacia species because 
A.  sieberiana was more represented in the Pendjari Biosphere 
reserve. To evaluate the abundance and diversity of the ants, 
we used attractive traps consisting of 30 × 30 cm white ceramic 
tiles, each with a 4 cm spot of bait composed of honey mixed 
with canned tuna at its centre. These attractive traps designed to 
evaluate the abundance and diversity of ants were each placed 
under the Acacia trees and deployed for 30 min before the ants 
were counted and collected with a mouth aspirator. Ant counting 
was perfected in digital photographs of the samples (Dassou 
et  al. 2015, 2016). Bait traps were placed under 10 randomly 
chosen Acacia trees in each plot. To reinforce the collection of the 
diversity and abundance of ants, after collecting all the ant taxa 
in the bait trap we captured with an aspirator all ants that move 
on the Acacia tree stem above the trap to a height of 2 m. These 
ant taxa collected on the tree stem were counted at the lab. In 
plots with less than 10 Acacia trees, all individuals were sampled. 
All samples were obtained in the morning between 8:00 a.m. and 
12:00 p.m. Ants caught were preserved in 70 % ethanol solution. 
Ant species collected in the Acacia ecosystems were identified 
at the Entomological Museum of the International Institute for 
Tropical Agriculture, Benin Station.

Measurements of the intensity of elephant damage

We measured the intensity of elephant damage on the same 
Acacia trees on which ant diversity and abundance data were 
collected. On each sampled tree we measured the diameter at 
breast height (dbh), diameter of crown, total and trunk heights. 
The intensity of elephant damages was scored following the 
classification of Riginos et  al. (2015). Two types of elephant 
damages were observed in the field: barking and branch 
breaking. The intensity of branch breaking was measured on a 
1–5 scale: 1 for light or no damage (branch tips exhibit slight 
browsing); 2 for mild damage (branches browsed and broken); 
3 for medium damage (20–50 % of canopy was destroyed); 4 for 

substantial damage (50–99  % of canopy was destroyed); and 
5 for catastrophic damage (tree completely pushed over or 
100 % canopy destroyed). We used experienced field guides to 
distinguish tree damaged by elephants from damages due to 
abiotic factors such as wind or storm. Bark damage was scored 
on a seven-level scale, from the lowest to the highest intensity 
(Ihwagi et al. 2012; Kassa et al. 2014): score 0 for undamaged, 1 
for tusked, 2 for 1–25 % debarked, 3 for 26–74 % debarked, 4 for 
75 % debarked, 5 for 76–99 % debarked and 6 for ring debarked.

Data analysis

All statistical analyses were performed in R (R Core Team 
2019). A permutational multivariate analysis of variance using 
distance matrices (ADONIS) was performed on the data on ant 
communities associated with Acacia species using the package 
vegan (Oksanen et al. 2015). The source of variation introduced 
in the analysis included the intensity of elephant damages, 
Acacia species (A. dudgeonii, A. gourmaensis, A. hockii, A. seyal and 
A. sieberiana) and ant sampling location (tree versus ground). For 
each ant species, indicator value (IndVal) scores were calculated 
from samples grouped according to Acacia species and ant 
sampling location (see Dufrêne and Legendre 1997 for details 
on IndVal calculations). The IndVal computed using the package 
labdsv (Roberts 2015) estimates the association of each ant 
species to each group (Acacia species or ant sampling location). 
IndVal is scaled from 0 to 100 % with a value of 100 % indicating 
that the ant species was collected in every sample within a 
group and not in any other group.

Co-occurrence patterns of ant species under Acacia trees 
and on Acacia trees were assessed by computing the frequency 
of observations where each species pair is jointly recorded. 
The results were presented using a corrgram, an advanced 
graphical tool (Zuur et  al. 2010; Azihou et  al. 2013). A  general 
linear model was used to test for difference in the intensity 
of elephant damages among Acacia species. The Student–
Newman–Keulh (SNK) test was performed using the package 
agricolae (De Mendiburu 2014) for pairwise means comparison. 
We performed a χ2 test to assess the independence between 
Acacia species and ant occurrence on trees. For each Acacia 
species, we used a Student’s t-test to compare the height and 
the intensity of elephant damages between trees with ants and 
trees without ants. A beta regression was performed using the 
package betareg (Cribari-Neto and Zeileis 2010) to test the effect 
of ant abundance and species richness under Acacia trees and 
on Acacia trees on the intensity of elephant damage. There was 

Table 1.  Outputs of the permutational multivariate analysis of variance using distance matrices (ADONIS) on ant communities associated with 
Acacia species in the Biosphere Reserve of Pendjari. SS = sums of squares, MS = mean square, DF = degree of freedom.

Source of variation DF SS MS F R2 P

Intensity of damages 1 0.481 0.481 1.346 0.006 0.196

Acacia species 4 5.168 1.292 3.612 0.063 0.001

Ant location 1 2.057 2.057 5.751 0.025 0.001

Intensity of damages × Acacia species 4 1.435 0.359 1.003 0.018 0.416

Intensity of damages × ant location 1 0.485 0.485 1.355 0.006 0.182

Acacia species × ant location 2 0.804 0.402 1.123 0.010 0.318

Intensity of damages × Acacia species × ant location 2 0.286 0.143 0.400 0.003 0.986

Residuals 199 71.189 0.358 0.869   

Total 214 81.904   1  
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a significant correlation between ant abundance and species 
richness for observations made on Acacia trees. Therefore, we 
ran the analysis separately for each response variable.

Results

Abundance and diversity of ant species associated 
with Acacia trees

At total 8772 ants including 11 ant species were associated with 
Acacia trees namely Monomorium bicolor (3584 individuals), Pheidole 
megacephala (3412 individuals), Pheidole rugaticeps (852 individuals), 
Camponotus sericeus (372 individuals), Trichomyrmex oscaris (230 
individuals), Camponotus carbo (147 individuals), Plagiolepis 
alluaudi (102 individuals), Crematogaster coelestis (29 individuals), 
Myrmicaria opaciventris (21 individuals), Brachyponera sennaarensis 
(20 individuals) and Camponotus maculatus (3 individuals). Most 
of these ant species are generalist with widespread distribution. 
Abundance and diversity of ant species did not vary across the 
intensity of elephant damages (F1 = 1.346, P = 0.196) contrary to 
Acacia species (F4 = 3.612, P = 0.001) and location of ant sampling 
(F1  =  5.751, P  =  0.001) (Table 1). The interaction between the 
intensity of damages and Acacia species was not significant 
(F4 = 1.003, P = 0.416), suggesting that the abundance and diversity 
of ant species associated with an Acacia species did not vary 
according to the intensity of elephant damages. Similarly, the 
interaction between the intensity of damages and location of 
ant sampling was not significant (F1  =  1.355, P  =  0.182). Thus, 
the abundance and diversity of ant species associated recorded 
under or on Acacia trees did not vary according to the intensity 
of elephant damages. The interaction between Acacia species and 
location of ant sampling was not significant (F2 = 1.123, P = 0.318) 
indicating that the assemblage of ants recorded under or on trees 
did not vary across Acacia species.

Five ant species were identified as indicator of Acacia 
species and location of ant sampling (Table 2). Camponotus 
sericeus (IndVal = 0.414, P = 0.028) and C. coelestis (IndVal = 0.088, 
P  =  0.008) showed a substantial fidelity with the arboreal 
habitat. Monomorium bicolor (IndVal  =  0.259, P  =  0.003) and 
P. rugaticeps (IndVal = 0.200, P = 0.001) were most associated with 
A.  gourmaensis trees while C.  carbo (IndVal  =  0.166, P  =  0.008) 
showed a significant fidelity with A. dudgeonii individuals.

Co-occurrence among ant species under Acacia trees 
and on host plants

All ant species were recorded under the 261 sampled Acacia 
trees (Fig. 1A). Except C.  sericeus (36  %) and M.  bicolor (19  %), 

C.  carbo (13  %) and P.  megacephala (12  %), ant species were 
successfully sampled under less than 5  % of Acacia trees. 
Camponotus maculatus, B. sennaarensis and M. opaciventris did not 

Table 2.  Indicator species analysis on significant factors identified 
through ADONIS

Parameter Ant species
Indicator 
value P-value

Ant location = on tree Camponotus sericeus 0.414 0.028

Ant location = on tree Crematogaster coelestis 0.088 0.008

Acacia species = Acacia 
gourmaensis

Monomorium bicolor 0.259 0.003

Acacia species = Acacia 
gourmaensis

Pheidole rugaticeps 0.200 0.001

Acacia species = Acacia 
dudgeonii

Camponotus carbo 0.166 0.008

Figure 1.  Corrgram showing the frequency with which pairs of ant species 

both occurred (A) under the same Acacia tree and (B) on the same Acacia 

tree. The colour and the amount that a circle has been filled correspond 

to the proportion of joint presence observations. The diagonal running 

from the bottom left to the top right represents the percentage of trees 

where each ant species was observed. Eight-letter acronyms represent the 

different tree species. Full species names: Monobico  =  Monomorium bicolor, 

Pheiruga = Pheidole rugaticeps, Tricosca = Trichomyrmex oscaris, Pheimega = Pheidole 

megacephala, Campseri  =  Camponotus sericeus, Campcarb  =  Camponotus 

carbo, Cremcoel  =  Crematogaster coelestis, Plagallu  =  Plagiolepis alluaudi, 

Campmacu  =  Camponotus maculatus, Bracsenn  =  Brachyponera sennaarensis, 

Myrmopac = Myrmicaria opaciventris. The legend bar relates the colours in the 

graph to the proportion of the observations.
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co-occur with any ant species. For the remaining species, the 
highest co-occurrence frequency equalled 7 % and was observed 
between M. bicolor and C. sericeus mainly under A. dudgeonii and 
A.  seyal individuals. These species, respectively, co-occurred 
with six and five other ant species.

Only seven ant species were recorded on 12.64  % of the 
sampled Acacia trees (Fig. 1B) namely M. bicolor, P. megacephala, 
C. sericeus, C. carbo, C. coelestis, C. maculatus and M. opaciventris. 
These species occurred on less than 2  % of sampled Acacia 
trees except C. sericeus (9 %). Monomorium bicolor, P. megacephala 
and M.  opaciventris were not jointly recorded on any Acacia 
trees with any other ant species. Co-occurrence of ant species 
pair was rare and included only C.  coelestis–C.  carbo (0.8  %), 
C.  coelestis–C.  sericeus (0.4  %), C.  carbo–C.  sericeus (0.4  %) and 
C. carbo–C. maculatus (0.4 %).

Ant species and elephant damage on Acacia trees

Across Acacia tree species, branch breaking was the main 
elephant damage observed on 94–100 % of sampled individuals 
(Table 3). The intensity of elephant-driven branch breaking 
significantly varied among Acacia tree species (F4,251  =  2.849, 
P = 0.025). Individuals of A.  sieberiana experienced the highest 
damage (19 % of branch broken) contrary to A. dudgeonii (10 % of 
branches broken). Ant species were absent on A. dudgeonii and 
A.  hockii trees. Observation of ants on trees was 2-fold higher 
for A.  sieberiana (29  % of sampled trees) than A.  gourmaensis 
and A. seyal (14 %). However, this variation was not significant 
(χ2

2  =  4.655, P  =  0.098). Acacia gourmaensis trees without ants 
were significantly smaller than their congener with ants (mean 
total height equals to 6.36 and 7.62 m, respectively; t44 = −2.050, 

P  =  0.046). Individuals of A.  seyal showed a similar but not 
significant trend (5.72 and 6.65 m, respectively; t45  =  −1.862, 
P  =  0.069). The total height did not vary between A.  sieberiana 
trees without and with ants (11.79 and 11.26 m, respectively; 
t63 = 0.767, P = 0.446). The mean total height within the two Acacia 
species (A.  dudgeonii and A.  hockii) whose trees have no ants 
was statistically equalled to that of A. gourmaensis individuals 
without ants (5.74, 6.23 and 6.36 m, respectively; F2,97  =  1.985, 
P = 0.143).

The abundance of each ant species per tree varied between 1 
and 8.33 except one observation of 500 individuals of M. bicolor on 
an A. gourmaensis tree (Table 4). Overall, the intensity of elephant-
caused branch breaking did not vary between trees with ants and 
trees without ants: A. sieberiana (20.68 and 18.28 %, respectively; 
t63 = −0.654, P = 0.516), A. gourmaensis (12.14 and 15.49 %, respectively; 
t44  =  0.666, P  =  0.509), A.  seyal (7.00 and 14.75  %, respectively; 
t45 = 0.933, P = 0.356). Neither the abundance of ants on Acacia trees, 
nor their species richness had a significant effect on the intensity 
of elephant-caused branch breaking across the five Acacia species 
(Table 5). A  similar trend was observed for ants recorded under 
Acacia trees except A.  dudgeonii where the abundance of ants 
under trees significantly reduced branch breaking by elephants 
(Z = −3.029, P = 0.002).

Discussion
Within the annually burnt reserve, ants were more diverse 
and frequent beneath than on Acacia trees, consistent with 
the contrasting effects of fire on arboreal and ground-dwelling 
ant communities. Fire can reduce the number of ant species 

Table 3.  Elephant damages on Acacia tree species within the Biosphere Reserve of Pendjari. Numbers followed by the same letter are not 
different at 5 % level.

Acacia species N

Elephant damages (%)

Host plants (%)

Barking Branch breaking

Frequency Intensity Frequency Intensity

Acacia sieberiana 65 0 NA 100 18.98 ± 1.66a 29.23

Acacia gourmaensis 49 6.12 23.33 ± 3.33 93.88 14.98 ± 1.79ab 14.29

Acacia hockii 48 0 NA 100 14.77 ± 2.67ab 0.00

Acacia seyal 49 4.08 45.00 ± 5.00 95.92 13.60 ± 2.95ab 14.29

Acacia dudgeonii 50 0 NA 100 9.74 ± 0.83b 0.00

Table 4.  Abundance (mean ± SE) of each ant species on Acacia trees within the Biosphere Reserve of Pendjari.

Ant species

Acacia sieberiana Acacia gourmaensis Acacia seyal

Frequency Abundance (mean ± SE) Frequency Abundance (mean ± SE) Frequency Abundance (mean ± SE)

Pheidole megacephala 1 5.00 0 NA 0 NA

Monomorium bicolor 0 NA 1 500.00 0 NA

Camponotus sericeus 12 3.50 ± 0.925 6 4.67 ± 0.558 5 1.60 ± 0.245

Camponotus carbo 4 6.00 ± 3.674 0 NA 2 1.50 ± 0.500

Myrmicaria opaciventri 2 5.50 ± 0.500 0 NA 0 NA

Crematogaster coelestis 3 8.33 ± 3.333 0 NA 0 NA

Camponotus maculatus 1 1.00 0 NA 0 NA
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on trees and increases species richness on the ground (Frizzo 
et  al. 2012). Moreover, there were few trees with ants and for 
some species (A.  gourmaensis and A.  seyal), empty trees were 
significantly smaller on average than trees with ants. This 
is in line with the greatest fire-induced ant colony mortality 
observed on A. drepanolobium (Kimuyu et al. 2014). The absence 
of ants on individuals of A.  dudgeonii and A.  hockii, which are 
the smallest Acacia species in our study area, may be a legacy 
of such fire-induced tree ant mortality in this annually burnt 
habitat. This effect was not observed for A. sieberiana which had 
the taller individuals, indicating that tree height can mediate 
the effect of fire on ant colonies in frequently burnt habitats. 
Studies on plant–ant mutualism are rare in West Africa (but see 
Adenuga 1975; Majer 1976; Belshaw and Bolton 1994) and our 
understanding of the limitation of ant–Acacia association in this 
part of the world is limited. Perhaps, the low ant residency on 
Acacia species in our study system, which is frequently burned, 
is related to potential disruptive effect of frequent fire in the 
Pendjari Biosphere Reserve. Fire may kill or weaken host trees 
and thereby indirectly limit ant colonization (Janzen 1967). Fire 
may also directly limit ant occupancy (Cochard and Agosti 2008). 
For example, in the Kenya Long-term Exclosure Experiment, 
survival of arboreal ant colonies was directly affected by fire 
with colonies on taller trees, which are out of reach of fire, 
surviving better (Kimuyu et al. 2014).

We found limited co-occurrence of ant species on the Acacia 
host trees we studied. The joint presence of two ant species 
was observed on only 2 % of the sampled Acacia trees. This is 
also common in East African savannas. For A.  drepanolobium, 
there is a linear hierarchy in competition among four Acacia 
ant species for nesting space (Palmer et al. 2013): C. sjostedti > 
C. mimosa > C. nigriceps > T. penzigi. In this hierarchical structure, 
competition occurs via direct takeover of host plants by 
neighbouring colonies. Among the recorded ant species within 
the Biosphere Reserve of Pendjari, only C.  coelestis belong to 
the same genus as three previous Acacia ants reported in East 
Africa (Palmer et al. 2013).

As expected, the intensity of elephant damage varies 
among Acacia species with A. sieberiana as the most damaged 
species. This is congruent with our predictions that individuals 
of non-myrmecophyte Acacia species suffer higher attack from 
elephants. With no record of ants on trees, A.  dudgeonii was 
the less damaged species. This species may be less palatable. 
Similar trends were observed in Serengeti National Park where 
elephant highly damaged A. senegal compare to Acacia robusta, 
Acacia tortilis, Acacia gerradii and A.  drepanolobium (Morrison 
et al. 2016). Ant assemblage, abundance or richness did not limit 
the intensity of elephant damage on trees in the Biosphere 
Reserve of Pendjari. The low density of ants observed on trees 
in our study region may explain this pattern. Indeed, high 
density of ants on host plants (up to 90 000 workers on some 
trees) is an important component of their defensive efficacy 
(Goheen and Palmer 2010). The ecology and behaviour of ant 
species caught on trees may also explain the observed trends. 
For instance, C.  sericeus, the most frequent species observed 
on Acacia trees is a ground-nesting and a non-aggressive ant 
species that regularly visit extra-floral nectaries of savanna 
trees (Mody and Linsenmair 2003). Similarly, C. maculatus (Blard 
et al. 2003), P. megacephala (Seguni et al. 2011; Visitacao 2011) and 
M. opaciventris (Kenne and Dejean 1999) are ground-nesting ant 
species. Moreover, P. megacephala is an invasive ant (Wetterer 
2012) that increases elephant damage to Acacia trees through 
the disruption of protective ant–plant mutualism (Riginos et al. 
2015). Ant species falling to protect Acacia trees from elephant Ta
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damage is not typical of the Biosphere Reserve of Pendjari. 
Even in East Africa where obligate Acacia–ant mutualism 
is prevalent (Palmer and Brody 2013), many ant species (e.g. 
Crematogaster nigriceps and T.  penzigi) provide low protection 
against mega-herbivores (Martins 2010; Palmer et  al. 2013). 
Some Acacia trees are inhabited by non-defending exploiter 
ants (Heil 2013). Myrmecophytes may be able to persist even 
in the absence of their mutualistic ant in habitats with limited 
herbivory and competition (Janzen 1973) or potentially in 
rich habitats where the cost of biomass reconstruction is 
limited (Coley et  al. 1985; Endara and Coley 2011). However, 
even in the absence of such direct defence role, ants may 
indirectly influence myrmecophytes. Several ant species tend 
hemipterans which exert biological control influence on plant 
herbivores (Martins 2013), provide additional dry season food 
supplement that maintains ant colonies (Prior and Palmer 
2018) or by developing beneficial association with fungi and 
microbes (Baker et al. 2017).

All in all, annual vegetation fire hinders the establishment 
of ants on small Acacia species (A.  gourmaensis, A.  seyal, 
A.  dudgeonii and A.  hockii). The taller species (A.  sieberiana) 
that escape such firetrap falls to attract ant colonies while 
experiencing high elephant damages. This species may be 
qualified as non-myrmecophyte. Acacia species that do not 
engage in ant mutualism respond to browsing by large African 
herbivores with physical and chemical defences. In Game 
Ranching Ltd (central Kenya), individual A.  seyal exposed 
to intensive browser utilization was observed to lose shoot 
tips, produce long thorns and have relatively few flowers and 
fruits (Milewski and Madden 2006). Similarly, A.  sieberiana 
trees with high browsing intensity had significantly longer 
spines, smaller leaves and higher total cyanide (prussic acid) 
concentrations than trees with low browsing intensity (Zinn 
et  al. 2007). Further investigations are required to quantify 
such defence mechanisms and their effectiveness to protect 
Acacia trees against elephant damage in the Biosphere Reserve 
of Pendjari.

Sources of Funding
O.G.G. was supported by grant from the University of Tennessee 
Knoxville.

Contributions by the Authors
O.G.G.  and A.E.A.  conceived and designed the study. 
A.D.  performed the experiments and collected the data 
with assistance from A.F.A., A.G.D., B.K. A.F.A., A.G.D., A.D., 
O.G.G. analysed the data. A.F.A., A.G.D., A.D. and O.G.G. wrote the 
manuscript with revisions from A.E.A. and B.K.

Conflict of Interest
None declared.

Acknowledgements
We are grateful to Georges Gorgen of IITA Benin for help with ant 
species identification, Wilfried Kpadonou, François Djatto and Henri 
Noundja for field assistance. We are grateful to the reviewers whose 
comments improved an earlier version of this manuscript.

Data Availability
The data and scripts used for the analyses in this paper are 
published online on Dryad Digital Repository at https://doi.
org/10.5061/dryad.00000003t (Gaoue et al. 2021).

Literature Cited
Adenuga  AO. 1975. Mutualistic association between ants and some 

homoptera—its significance in cocoa production. Psyche 82:24–28.
Adomou  AC, Sinsin  B, van  der  Maesen  LJG. 2006. Phytosociological and 

chorological approaches to phytogeography: a meso-scale study in 
Benin. Systematics and Geography of Plants 76:155–178.

Asner GP, Levick SR. 2012. Landscape-scale effects of herbivores on treefall 
in African savannas. Ecology Letters 15:1211–1217.

Assédé EPS, Adomou AC, Sinsin B. 2012. Magnoliophyta, Biosphere Reserve 
of Pendjari, Atacora Province, Benin. Check List 8:642–661.

Azihou  FA. 2008. Elephants’ (Loxodonta africana) impacts on vegetation 
structure and availability of plant species that other animals feed on in 
the Biosphere Reserve of Pendjari. Benin: University of Abomey-Calavi.

Azihou  AF. 2013. Ecology of isolated trees in tropical savannas: modelling of 
plant species distribution and colonization of new habitats through long-
distance dispersal and facilitation. Abomey-Calavi, Benin: University of 
Abomey-Calavi.

Azihou AF, Kakaï RG, Bellefontaine R, Sinsin B. 2013. Distribution of tree 
species along a gallery forest–savanna gradient: patterns, overlaps and 
ecological thresholds. Journal of Tropical Ecology 29:25–37.

Baker CCM, Martins DJ, Pelaez  JN, Billen  JPJ, Pringle A, Frederickson ME, 
Pierce NE. 2017. Distinctive fungal communities in an obligate African 
ant-plant mutualism. Proceedings of the Royal Society of London, B: 
Biological Sciences 284:20162501.

Belshaw R, Bolton B. 1993. The effect of forest disturbance on the leaf litter 
ant fauna in Ghana. Biodiversity and Conservation 2:656–666.

Belshaw R, Bolton B. 1994. A survey of the leaf litter ant fauna in Ghana, 
West Africa (Hymenoptera: Formicidae). Journal of Hymenoptera Research 
3:5–16.

Blard F, Dorow WHO, Delabie JHC. 2003. Les fourmis de l’île de la Réunion 
(Hymenoptera, Formicidae). Bulletin de la Société Entomologique de France 
108:127–138.

Bouché  P, Douglas-Hamilton  I, Wittemyer  G, Nianogo  AJ, Doucet  JL, 
Lejeune P, Vermeulen C. 2011. Will elephants soon disappear from West 
African Savannahs? PLoS One 6:e20619.

Cochard R, Agosti D. 2008. Putting ant-Acacia mutualisms to the fire. Science 
319:1759–1761.

Coley  PDP, Bryant  JJPJ, Chapin  FS. 1985. Resource availability and plant 
antiherbivore defense. Science 230:895–899.

Cribari-Neto  F, Zeileis  A. 2010. Beta regression in R. Journal of Statistical 
Software 34:24.

Dassou  AG, Carval  D, Dépigny  S, Fansi  G, Tixier  P. 2015. Ant abundance 
and Cosmopolites sordidus damage in plantain fields as affected by 
intercropping. Biological Control 81:51–57.

Dassou  AG, Dépigny  S, Canard  E, Vinatier  F, Carval  D, Tixier  P. 2016. 
Contrasting effects of plant diversity across arthropod trophic 
groups in plantain-based agroecosystems. Basic and Applied Ecology 
17:11–20.

De  Mendiburu  F. 2014. Agricolae: statistical procedures for agricultural 
research. R Package Version 1:1–6.

Dufrêne M, Legendre P. 1997. Species assemblages and indicator species: 
the need for a flexible asymmetrical approach. Ecological Monograph 
67:345–366.

Endara M.-J, Coley PD. 2011. The resource availability hypothesis revisited: 
a meta-analysis. Functional Ecology 25:389–398.

Frizzo TLM, Campos RI, Vasconcelos HL. 2012. Contrasting effects of fire 
on arboreal and ground-dwelling ant communities of a neotropical 
savanna. Biotropica 44:254–261.

Gaoue OG, Djogbenou A, Azihou AF, Dassou AG, Assogbadjo AE, Kassa BD. 
2021. Limited ant co-occurrence and defensive mutualism in Acacia 
plants in a West African savanna. Dryad Digital Repository: doi:10.5061/
dryad.00000003t.

D
ow

nloaded from
 https://academ

ic.oup.com
/aobpla/article/13/4/plab036/6291668 by guest on 09 Septem

ber 2021

https://doi.org/10.5061/dryad.00000003t
https://doi.org/10.5061/dryad.00000003t
https://doi.org/10.5061/dryad.00000003t
https://doi.org/10.5061/dryad.00000003t


Copyedited by: AS

8  |  AoB PLANTS, 2021, Vol. 13, No. 4

Goheen JR, Palmer TM. 2010. Defensive plant-ants stabilize megaherbivore-
driven landscape change in an African savanna. Current Biology 
20:1768–1772.

Heil M. 2013. Let the best one stay: screening of ant defenders by Acacia 
host plants functions independently of partner choice or host 
sanctions. Journal of Ecology 101:684–688.

Ihwagi  FW, Chira  RM, Kironchi  G, Vollrath  F, Douglas-Hamilton  I. 2012. 
Rainfall pattern and nutrient content influences on African elephants’ 
debarking behaviour in Samburu and Buffalo Springs National 
Reserves, Kenya. African Journal of Ecology 50:152–159.

Janzen DH. 1967. Fire, vegetation structure, and the ant x Acacia interaction 
in Central America. Ecology 48:26–35.

Janzen DH. 1973. Dissolution of mutualism between Cecropia and its Azteca 
ants. Biotropica 5:15–28.

Kassa BD, Fandohan B, Azihou AF, Assogbadjo AE, Oduor AMO, Kidjo FC, 
Babatoundé, S, Liu J, Glèlè Kakaï R. 2014. Survey of Loxodonta africana 
(Elephantidae)-caused bark injury on Adansonia digitata (Malavaceae) 
within Pendjari Biosphere Reserve, Benin. African Journal of Ecology 
52:385–394.

Kenne M, Dejean A. 1999. Spatial distribution, size and density of nests 
of Myrmicaria opaciventris Emery (Formicidae, Myrmicinae). Insectes 
Sociaux 46:179–185.

Kimuyu  DM, Sensenig  RL, Riginos  C, Veblen  KE, Young  TP. 2014. Native 
and domestic browsers and grazers reduce fuels, fire temperatures, 
and Acacia ant mortality in an African savanna. Ecological Applications 
24:741–749.

Leston D. 1970. Entomology of the cocoa farm. Annual Review of Entomology 
15:273–294.

Majer JD. 1976. The influence of ants and ant manipulation on the cocoa 
farm fauna. Journal of Applied Ecology 13:157–175.

Maravalhas  J, Vasconcelos  HL. 2014. Revisiting the pyrodiversity-
biodiversity hypothesis: long-term fire regimes and the structure of 
ant communities in a Neotropical savanna hotspot. Journal of Applied 
Ecology 51:1661–1668. 

Martins  DJ. 2010. Not all ants are equal: obligate Acacia ants provide 
different levels of protection against mega-herbivores. African Journal 
of Ecology 48:1115–1122.

Martins DJ. 2013. Effect of parasitoids, seed-predators and ant-mutualists 
on fruiting success and germination of Acacia drepanolobium in Kenya. 
African Journal of Ecology 51:562–570.

Milewski AV, Madden D. 2006. Interactions between large African browsers 
and thorny Acacia on a wildlife ranch in Kenya. African Journal of Ecology 
44:515–522.

Mody  K, Linsenmair  KE. 2003. Finding its place in a competitive ant 
community: leaf fidelity of Camponotus sericeus. Insectes Sociaux 
50:191–198.

Morrison TA, Holdo RM, Anderson TM. 2016. Elephant damage, not fire or 
rainfall, explains mortality of overstorey trees in Serengeti. Journal of 
Ecology 104:409–418.

Oksanen  J, Blanchet  FG, Kindt  R, Legendre  P, Minchin  PR, O’Hara  RB, 
Simpson GL, Solymos P, Stevens MHH, Wagner H. 2015. vegan: community 
ecology package. R package version 2.3-2. http://CRAN.R-project.org/
package=vegan.

Ouagoussounon I, Sinzogan A, Offenberg J, Adandonon A, Vayssières J.-F, 
Kossou  D. 2013. Pupae transplantation to boost early colony growth 
in the weaver ant Oecophylla longinoda Latreille (Hymenoptera: 
Formicidae). Sociobiology 60:374–379.

Palmer TM, Brody AK. 2007. Mutualism as reciprocal exploitation: African 
plant-ants defend foliar but not reproductive structures. Ecology 
88:3004–3011.

Palmer  TM, Brody  AK. 2013. Enough is enough: the effects of symbiotic 
ant abundance on herbivory, growth, and reproduction in an African 
acacia. Ecology 94:683–691.

Palmer TM, Stanton ML, Young TP, Lemboi JS, Goheen JR, Pringle RM. 2013. 
A role for indirect facilitation in maintaining diversity in a guild of 
African acacia ants. Ecology 94:1531–1539.

Parr CL, Robertson HG, Biggs HC, Chown SL. 2004. Response of African savanna 
ants to long-term fire regimes. Journal of Applied Ecology 41:630–642.

Pringle RM, Kimuyu DM, Sensenig RL, Palmer TM, Riginos C, Veblen KE, 
Young  TP. 2015. Synergistic effects of fire and elephants on arboreal 
animals in an African savanna. The Journal of Animal Ecology 
84:1637–1645.

Prior KM, Palmer TM. 2018. Economy of scale: third partner strengthens a 
keystone ant-plant mutualism. Ecology 99:335–346.

R Core Team. 2019. R: a language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing.

Ratchford JS, Wittman SE, Jules ES, Ellison AM, Gotelli NJ, Sanders NJ. 2005. 
The effects of fire, local environment and time on ant assemblages in 
fens and forests. Diversity and Distribution 11:487–497.

Riginos C, Karande MA, Rubenstein DI, Palmer TM. 2015. Disruption of a 
protective ant-plant mutualism by an invasive ant increases elephant 
damage to savanna trees. Ecology 96:654–661.

Roberts DW. 2015. labdsv: ordination and multivariate analysis for ecology. R 
package version 1.7-0. http://ecology.msu.montana.edu/labdsv/R

Salako  VK, Azihou  AF, Assogbadjo  AE, Houéhanou  TD, Kassa  BD, 
Glèlè Kakaï RL. 2016. Elephant-induced damage drives spatial isolation 
of the dioecious palm Borassus aethiopum Mart. (Arecaceae) in the 
Pendjari National Park, Benin. African Journal of Ecology 54:9–19.

Seguni ZSKSK, Way MJJ, Van Mele P. 2011. The effect of ground vegetation 
management on competition between the ants Oecophylla longinoda 
and Pheidole megacephala and implications for conservation biological 
control. Crop Protection 30:713–717.

Stanton ML, Palmer TM. 2011. The high cost of mutualism: effects of four 
species of East African ant symbionts on their myrmecophyte host 
tree. Ecology 92:1073–1082.

Strickland AH. 1951. The entomology of swollen shoot of cacao. Bulletin of 
Entomological Research 41:725–748.

Vasconcelos  HL, Leite  MF, Vilhena  JMS, Lima  AP, Magnusson  WE. 2008. 
Ant diversity in an Amazonian savanna: relationship with vegetation 
structure, disturbance by fire, and dominant ants. Austral Ecology 
33:221–231.

Vasconcelos  HL, Maravalhas  JB, Cornelissen  T. 2017. Effects of fire 
disturbance on ant abundance and diversity: a global meta-analysis. 
Biodiversity and Conservation 26:177–188.

Vayssières  J-F, Ouagoussounon  I, Adandonon  A, Sinzogan  A, Korie  S, 
Todjihoundé  R, Alassane  S, Wargui  R, Anato  F, Goergen  G. 2015. 
Seasonal pattern in food gathering of the weaver ant Oecophylla 
longinoda (Hymenoptera: Formicidae) in mango orchards in Benin. 
Biocontrol Science and Technology 25:1359–1387.

Visitacao JM. 2011. Multi-species interactions in African ant-acacias. Cambridge, 
MA: Harvard University.

Wargui R, Offenberg J, Sinzogan A, Adandonon A, Kossou D, Vayssières JF. 
2015. Comparing different methods to assess weaver ant abundance in 
plantation trees. Asian Myrmecology 7:7–18.

Wetterer JK. 2012. Worldwide spread of the African big-headed ant, Pheidole 
megacephala (Hymenoptera: Formicidae). Myrmecological News  17:51–62.

Wetterer  JK. 2017. Geographic distribution of the African weaver ant, 
Oecophylla longinoda. Transactions of the American Entomological Society 
143:501–510.

Willaine P, Volkoff B. 1967. Carte pedologique du Dahomey a l’echelle de 1/1000 
000. Paris: ORSTOM.

Zinn AD, Ward D, Kirkman K. 2007. Inducible defences in Acacia sieberiana 
in response to giraffe browsing. African Journal of Range & Forage Science 
24:123–129.

Zuur AF, Ieno EN, Elphick CS. 2010. A protocol for data exploration to avoid 
common statistical problems. Methods in Ecology and Evolution 1:3–14.

D
ow

nloaded from
 https://academ

ic.oup.com
/aobpla/article/13/4/plab036/6291668 by guest on 09 Septem

ber 2021

http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan
http://ecology.msu.montana.edu/labdsv/R

