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Abstract. Agroforestry system enhanced ant biodiversity. Ant structure in the ecosystem has 
been driven by many factors, e.g., competition and predation among species. Dominant species 
and predator may give impact to species diversity in the ecosystem.  We had field research to 
examine the interactions among dominant ant species, predator Oecophylla smaragdina, and 
other ants in Tarakan, North Kalimantan. In agroforestry system as the study site, ants and 
other insects on 66 crop trees were collected by sweeping and beating. The obtained number of 
two species Tapinoma melanocephalum and Oecophylla smaragdina occupied more than 60% 
of all collected ants. Two dominant ants tended to be separately distributed.  The community 
structure may be ant mosaic pattern. Furthermore, the densities of the two dominant ants were 
higher, but their diversities in the tree were lower than dominant species and predator absence. 
Probably, the tendency seems to be active on the distribution of other ants.  
Keywords: Agroforestry System, O. smaragdina, Interaction, Ant Mosaic 

1. Introduction 
Agroforestry systems are a set of land-use systems [1-2]. Plants were grown as crops and other crops 
animals in some forms of spatial arrangement or temporal sequence [1-4]. In Indonesia, it is consist of 
traditional cultivars, such as coffee, cacao, and banana, are a part of ancient knowledge and practice 
[1,3]. They are sustained by various biological components in addition to artificial process because 
many plants and animals are mutually interacting in the agroforestry ecosystems [4-7,8]. Although 
increased plant diversity in agroforestry is expected to grow beneficial arthropods, variety by itself 
may not reduce pests [9]. Also, intensive agroforestry can influence ant species composition, 
promoting invasive tramp ant species [10].   

Ant is one of the insects giving a heavy impact on the ecosystems as predators, preys and 
symbionts [11-13]. Oecophylla smaragdina is one of an important predator on a tropical island. 
Weaver ant O. smaragdina found from South-East Asia and North-Australia [14]. It lives on trees 
(arboreal insect) and a major predator in the food web of rainforest [11]. So, it may be useful material 
to establish the agricultural methods with the control of insects [11,15-18]. Oecophylla as a biological 
agent has been widely reported. It was control pests in citrus [15,18], mango [19,20], cashew [21], 
mahogany [22], palm oil [23], and cacao [24]. In mango tree, using O. smaragdina as biocontrol and 
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soft chemical showed insect pest damage, the incidence of mango scab disease and infestation of 
lenticels lower than using chemical insecticides [19,25]. However, some farmers are reluctant to use 
weaver ants, since they attack not only pests but also humans [16]. It was repelling of pollinators [26], 
interfere foraging behavior and parasitism [27,28] and negative impact host-parasitoid interactions on 
mango [29]. 

Dominant species also affect ant community structure in the ecosystem. In savanna ecosystem, 
dominant species can control ant assemblages [30]. Crematogaster lorteti and Tapinoma simrothi 
followed by Tapinoma israele and Crematogaster scutellaris are dominant species that the ants 
strongly monopolized each tree in Mediterranean forests [31]. In tropical arboreal ants, if dominant 
ants are present, the other ants are a random subset of the overall community, but where dominant ants 
are absent, species were distributed nonrandomly across trees [32] 

Interaction O. smaragdina with other ants were interested in understanding. In horticulture system 
(cashew and mango tree) plot with abundant weaver ant, O. smaragdina had similar or higher canopy 
arthropod and natural enemy diversity and similar ratios of natural enemies to insect pests, compared 
with a plot where the weaver ant was absent [33]. Other than that, dominant species competition 
varied with habitat type [30]. In this study, we want to know whether that the dominant species may 
seriously influence on ant the community structures in agroforestry system or not. This research was 
made to answers these questions; (i) how does species composition of ants on trees structure in 
agroforestry, (ii) does distribution of populations in dominant species influence other ants, (iii) effects 
of O. smaragdina and dominant species on the diversity of ants on trees. 

2. Material and methods 

2.1 Study sites  
From February to August in 2016, field collection was carried out in the mixed tree plantations or 
agroforestry system (the area: 80 m x 90 m) at Mamburungan village (3016’06.29” N, 117037’12.43” 
E) on the Tarakan Island in North Kalimantan (figure 1). Tarakan has the highest rainfall in North 
Kalimantan. During 10 ten years ago, precipitation in February is lower than another month. The mean 
temperature is 27.50C, and the mean humidity is 75%. 
 
 
 

 

 

 

 

 

 

 

 

Figure 1. Map of study sites in Tarakan Island, North 
Kalimantan, Indonesia. Black dot represent the study site.  
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2.2. Collection of ants on the crop trees 
In this study, we used durian (Durio zibethinus) and Citrus (Citrus aurantiifolia) as crop sample. In 
total 66 crop trees were exploited. These crops composed 44 durians and 22 citruses. We collected 
ants by beating and sweeping, in 10 branches. Count of individuals in a given unit (branch, leaf, or 
flower) was 20 branches. All collected samples served with ethanol (99%) specimens. In the 
laboratory, ants sorted according to their external morphology or morphospecies [34]. We were 
recorded and identified. Ant specimens identified to genus level by the key of identification guide to 
the ant genera of the world [35]. Furthermore, we were recognized ants to species by other resources 
(e.g., electronic funds)  

2.3. Data analysis 
Species composition of ants on trees and tree in the site were summarized. The diversity of ants was 
analyzed using the Shannon-Wiener diversity index (HI). We examined the distribution of dominant 
species population for analysis mosaic of ants. Besides, effects of dominant species on the diversity of 
ants on trees using generalized linear model (GLM) were used to analyze the relationship between ant 
dominants species and ant diversity. 

3. Results 

3.1. Species composition of ants on trees 
In total, 25 ant species were collected. These species belonged to 5 subfamilies and 15 genera (table 1). 
The accumulated number of two species T. melanocephalum and O. smaragdina occupied more than 
60% of all collected ants.   
 

Table 1. Species composition of ants in the studied site. 

Sub Family Species Number (%) 
Ponerinae Ponera sp.1 4 0.01 
Dolichoderinae Dolichoderus sp. 1 2 0.001 
  Iridomyrmex anceps 3086 5.8 
  Iridomyrmex sp. 1 329 0.6 
  Iridomyrmex sp. 2 356 0.7 
  Philidris sp.1 786 1.5 
  Tapinoma melanocephalum 26808 50.5 
  Tapinoma sp. 1 288 0.5 
  Technomyrmex albipes 1517 2.9 
  Technomyrmex sp. 1 2428 4.6 
Formicinae Anoplolepis gracilipes 2325 4.4 
  Oecophylla smaragdina 7750 14.6 
  Camponotus sp. 1 57 0.1 
  Polyhachis sp. 1 29 0.05 
Pseudomyrmicinae Tetraponera sp. 1 325 0.6 
  Tetraponera sp. 2 49 0.1 
Myrmiciane Crematogaster diffromus 2121 4.0 
  Crematogster sp. 1 806 1.5 
  Crematogster sp. 2 145 0.3 
  Monomorium destructor 2712 5.1 
  Monomorium sp. 1 402 0.8 
  Monomorium sp. 2 140 0.3 
  Tetramorium sp. 1 586 1.1 
  Tetramorium sp. 2 32 0.1 
  Pheidole sp.1 16 0.03 
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On a tree, 9-17 species were collected (figure 2) and an average number of workers on branch trees 
ranged from 1.2 to 10.6 (figure 3). Multiple ant species inhabited in a tree, however only two species 
were dominant. 

 
 
 
 
 
 
 
 
 
 

  

 

 

Figure 2. Frequency distribution of species 
number species in tree 

  

 

Figure 3. Frequency distribution of average 
number of ant workers in tree 

3.2. Distribution of populations in dominant species 
As shown in figure 4, the two species were dominant in the rank of worker densities. The densities of 
T. melanocephalum and O. smaragdina occupied more than 60% of all ant densities in 39 and 9 trees, 
respectively (figure 5).  In addition, the spatial distribution of the trees where they were dominant 
tended not to be overlapped (figure 6), showing the distribution pattern called "ant mosaic."  
Furthermore, there was a negative correlation between the densities of the two ants in the tree 
(R2=0.08, P<0.05).   
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 4. Rank of the worker densities in ant species 

3.3 Effects of dominant species on the diversity of ants on trees 
The species diversity of ants in trees, described as Shannon’s diversity index was negatively correlated 
with the density of workers in T. melanocephalum (figure 7b), although the correlation with the 
density of O. smaragdina was not significant (figure 7a). 

The effects of the two species were analyzed in more detail, by model selection using generalized 
linear model (GLM). As a result, the densities of both two species had adverse effects on ant species 
diversity (table 2). The crop trees are likely to be monopolized by single ant species. The pattern 
decreased the species diversity of ants in trees. 
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Figure 5. Frequency distribution of the rate of the densities of 
dominant three species in those of all ant species. 
 

4. Discussion 
O. smaragdina and T. melanocephalum is species dominant in this research. O. smaragdina was 9-10 
occupied trees. It species recorded in cacao agroforestry landscapes [36,37] and urban area [38,39].  O. 
smaragdina is an arboreal ant and usually built a nest in a tree.  One colony can reach 100 nests. The 
nests can be scattered over 15 trees or over an area of more than 1000 m2 [40]. This study, durian and 
citrus tree supported O. smaragdina developed nest.  However, the number of nests found in a colony 
is affected by several factors such as food availability and the degree of disturbance that occurs [11]. 
Furthermore, T. melanocephalum is one of the most ants important in tropical regions of Africa or 
Asia. In many research T. melanocephalum recorded in the urban area on the mainland [38] and small 
island [39], cacao agroforestry with low precipitation [36,37], and intensive agroforestry practices [10]. 
T. melanocephaluma is tramp species [41] and can be built polydomous colonies [42]. These tramp 
species are convenient associated with humans and are the most abundant in disturbed habitats, 
agricultural land and settlements [41,42]. T. melanocephalum built a nest and foraging activity in the 
cavity of a tree, leaf, and another place at the trees. In this study relied on the flowers and tree trunk 
durian and citrus.  

In this study, the two dominant ant species were tended separately distribute at the local area or 
these ‘dominant’ ant species in the trees tended not overlap. The distribution these called ‘ant mosaic’ 
[43]. Dominant species were maintained colonies by producing abundance and high density and 
activity. However, it is not related to large numbers, but behavior in aggression and high interferential 
potential is a form of retaining existing resources from other ants [11,44,45]. Competition between 
ants can be more stringent [46]. It is mutual exclusion territories, and microhabitat requirement is 
needed in the competition [43,47]. Food, area, lighting, nests, female, male are competition factor 
among intraspecific or interspecific species for survival and reproduction [11]. In another case, 
interaction among ants showed no competition or resulting co-occurrences pattern and species 
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aggregation. However, significant negative interactions detected among large ants in tropical ant 
communities [48]. Species segregation can be caused by adverse inter-specific interaction, but can also 
be caused by the influence or filtering of environmental factors [49,50].   
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

 

 

 

 

 

 
Figure 7. The relationships among the worker densities of the dominant species 
and the species diversity of ants in tree. The species diversity was shown by the 
Shannon's diversity index 

Figure 6.  Spatial distribution of trees 
occupied by two dominant species in the 
studied site. The size and pattern of the 
symbol show the rate of worker densities and 
the existence of O. smaragdina nest.  Dotted 
line shows the range of habitat of each 
species.	
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Table 2. Generalized linear model in the relationships among the worker densities of two dominant 
ants and the species diversities of ants in tree. The species diversity in tree was described as the 
Shannon's diversity index. 

 

 

 

 
 

 

 
 

 
Dominant species are known to have an impact on the structure of the ant community in the 

ecosystem. That species influence species richness at the community level [11,50,51] and the effect on 
other ants species [46,51,52]. In this study, dominant species is T. melanocephalum and O. 
smaragdina. Some explanations about the negative relationship between dominant species and ant 
diversity can be started from the environmental influence of the agroforestry system. Agroforestry 
supported the existence of species dominant species. Agroforestry allows the availability of food 
resources such as abundant carbohydrates and proteins. T. melanocephalum have symbiosis mutualism 
with another organism, which was produced sucrose [53]. Carbohydrates and proteins are the primary 
sources of food for T. melanocephalum species. Also, microhabitats such as canopy, flower, and tree 
trunk allow ants to make more nests. Another factor is the role of farmers in controlling ecosystems 
facilitating the existence of such ants, for example, pruning. Pruning affects temperature and humidity 
on the trees. Foraging activities were negatively correlated with ambient temperature but positively 
correlated with ambient relative humidity [54]. Especially for O. smaragdina, disruption of activity, 
the presence of chemical compounds released by the body and predation of other ants or known as 
"aggressively" are the factors that cause negative interaction of ant diversity in the ecosystem [26-
28,55]. In another case, species dominant Pheidole spp observed aggressively displacing other ants 
from the baits in all areas [51]. Iridomyrmex purpureus were affected ant assemblages depends on 
microhabitat and resource type [56]. 

5. Conclusion 
In conclusion, plantation using agroforestry supported ant diversity. However, there are dominant 
species and that species separately distributed in the ecosystem. These dominant species and predator 
affected the diversity of ants. Through this study, we collected information of ant diversity in an 
agroforestry system in Tarakan Island, North Kalimantan, and we have illustrated how ants diversity 
can contribute to the knowledge of species distributions across the potency using the ant as a 
biological control in agroecosystem plantation. Further research that also, interaction among natural 
enemies and herbivore species in agroforestry. 
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