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Abstract 
Ants (Hymenoptera: Formicidae) are one of the most diverse and ubiquitous groups of social insects the 

largest family under the order Hymenoptera. In insects, cuticular hydrocarbons (CHC) function as 

chemical cues for the recognition of mates, species, and nest-mates in social insects. The surface of 

insects is covered by a complex mixture of cuticular hydrocarbons (CHCs) to prevent desiccation. In this 

study, the cuticular hydrocarbons profiles (CHCs) of weaver ant Oecophylla smaragdina workers was 

extracted and analyzed in Gas Chromatography and Mass Spectrometry (GC-MS). The results reveal that 

O. smaragdina CHCs extract composed straight-chain and branched-chain alkanes and alkenes. A total 

of 18 CHCs were identified in the workers of O. smaragdina. The major cuticular hydrocarbons such as 

Hexadecane (C16H34), Octacosane (C28H58), Octadecane,9-ethyl-9-heptyl (C27H56), Heptacosane (C27H56), 

Eicosane,9-octyl (C28H58) and Pentatriacontane (C35H72 ). These cuticular hydrocarbons might be acted as 

a chemical messenger between the ant colony, nest, nest-mate recognition of the weaver ant O. 

smaragdina.  
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1. Introduction 

Ant is one of the most diverse and universal groups of the social insect. Ant belongs to a single 

large family Formicidae, largest of order Hymenoptera. The ant, Oecophylla smaragdina Fab. 

(Subfamily: Formicinae) is also known as the weaver ant, green ant, Kerengga red ant, 

emerald leaf dweller or Indian tree ant. It is distributed in the tropical Old World from India to 

Taiwan and across Southeast Asia to Australia [1]. This ant nest is arboreal, seen on trees or 

shrubs and made of living leaves. The workers construct the nest by gluing the edges of 

adjacent leaves using the sticky silk secreted by the larvae [1]. 

Oecophylla ants also feed on nectaries and insects. The ant O. smaragdina is a vigilant and 

territorial predator of many insect pests in a number of horticultural crops [1]. Ambethgar [2] 

studied, that the prevalence of the weaver ant Oecophylla smaragdina is effectively controlled 

the pest Helopeltis populations in cashew plantings of Tamil Nadu and Kerala in South India. 

The tree inhabiting red weaver ants Oecophylla smaragdina (Fabricius) (Formicidae: 

Hymenoptera) are known to control over fifty species of insect pests on many tropical tree 

crops across the world [2]. 

 The cuticular hydrocarbons (CHC) profiles of social insects encode the information necessary 

for maintaining colony identity and social unity [3]. In ants, hydrocarbons comprise a vital 

constituent in nestmate recognition. They are spread throughout the epi-cuticular surface so 

that recognition of nestmate or extraterrestrial ants is instantly attained upon antennal contact 
[4, 5]. 

Hydrocarbons are distributed all over the epicuticular surface of all insects. In most insects, 

they serve as an antidesiccant layer, but can also serve as communication signals [5-7]. The 

epicuticle of insects is protected against dehydration and pathogen attack by a hydrophobic 

layer of lipids [8, 9]. This layer is typically composed of a complex mixture of straight-chain and 

methyl-branched alkanes and alkenes (commonly referred to as cuticular hydrocarbons, CHCs) 
[3, 10]. Cuticular hydrocarbons (CHCs) are synthesized in tissues from the abdomen of the ants 

(epidermis, fat body, oenocytes) [5].  
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The cuticular hydrocarbons profiles of insects usually are 

composed primarily of straight-chain and branched-chain 

alkanes and alkenes of 19–35 carbons [11, 3] and small quantity 

of long-chain hydrocarbons, triacylglycerides and oxygenated 

compounds were also present [12-14]. 

The non-polar cuticular hydrocarbons have been expansively 

investigated by a number of authors, with respect to their role 

as semiochemicals [5, 6, 9]. Soroker and Hefetz [5] studied the 

Cataglyphis niger cuticular hydrocarbons are biosynthesized 

in the fat body and secreted to the haemolymph where they 

are transported both to the postpharyngeal gland and the 

epicuticle The non-hydrocarbon cuticular compounds 

(triacylglycerides) are important components of pheromone 

blends [9], interacting synergistically with cuticular 

hydrocarbons [15]. Brunner [16] et al. found that the profiles of 

the queen and worker ants of six Temnothorax species were 

dominated by linear and branched alkanes.  

All members of a colony bear a universal odor, the colonial 

odor, but some members may show individual chemical 

signals on their cuticle that are not mixed in the common 

pool. Denis [17] et al., reported that cuticular hydrocarbons are 

involved in fertility signaling in ants. When numerous queens 

occur in the same colony, the cuticular hydrocarbons offer 

information on the degree of fecundity and workers are 

competent to differentiate among queens with disparate 

fecundities [18]. 

Several authors have confirmed the usefulness of cuticular 

hydrocarbons for identifying insect species, including 

parasitic wasps [19], Culicids [20], Anophelines [21, 22], 

Triatomines [23, 24], Phlebotomines [25, 26] and Sarcophagidae 
[27]. The recognized cuticular hydrocarbons were usually a 

fusion of n-alkanes, monomethyl alkanes and dimethyl 

alkanes with linear chain lengths varying from 23 to 33 

carbons [19, 21, 27]. 

Weaver ant nest are formed basically of living leaves and 

stems bound together with larval silk. Oecophylla smaragdina 

species was rich in the coconut field in cultivated areas [28]. In 

this study, it was found that weaver ant nests hanging on the 

trees (Pungam and Neem) being aggressive predators and 

territory defense, they sometimes drop down their nest and 

tree branches on the ground for foraging and defense. The 

present study, extraction, and analysis of cuticular 

hydrocarbons in the ant weaver Oecophylla smaragdina 

(Fabricius, 1775) has been discussed. 

 

2. Materials and Methods 

2.1. Ant collection 

Colonies of red ant Oecophylla smaragdina (Fabricius, 1775) 

belong to the subfamily Formicinae. Colonies were collected 

from the Pongamia pinnata tree, near the department of 

Zoology, Pachaiyappa’s College for Men Campus (PACM), 

Kanchipuram (KPM) during January 2015. The ant 

Oecophylla smaragdina nest was covered by thin plastic 

covers (60 micron thickness) for minimize the disturbances 

and collection of the worker ants. Kanchipuram is situated on 

the northern East Coast of Tamil Nadu and is adjacent to Bay 

of Bengal and Chennai (Latitude: 12.8341735oN and 

Longitude: 79.7036402oE) India.  

 

2.2. Cuticular Hydrocarbons extraction (CHCs). 

In the zoology laboratory, the worker ant O. smaragdina (1:1 

ratio: 30no’s/30mL) whole body were freeze killed for 20 min 

and submerged, in 30 mL of non-polar solvent n- hexane 

(HPLC grade; Sigma-Aldrich) for 48 hrs, in 250C for 

extraction of CHCs. The weaver ant O. smaragdina extract 

(CHCs) was filtered in Whatman No.1. filter paper, the 

filtered extract (CHCs) was directly injected to Gas 

Chromatography and Mass Spectrometry (GC -MS). 

 

2.3. Gas Chromatography and Mass Spectrometry 

analysis (GC-MS). 

The weaver ant, Oecophylla smaragdina workers cuticular 

hydrocarbons were analyzed by Gas Chromatography and 

Mass Spectrometry (GC-MS). Gas Chromatography and Mass 

Spectrometry [JEOL GCMATE II -GC-MS] system equipped 

with a quantitative analysis by SIM mode detector, An HP5 

Column 30.0m x 250μm and the 0.25μm film thickness were 

used. The oven was programmed from an initial temperature 

60 ºC (hold for 2 min) to the final temperature 300 ºC at the 

rate of 20 (36.0 minutes). The final temperature hold up time 

was 06 minutes. Helium at the rate of 1 ml/min was used as 

the carrier gas in constant flow mode (Oven: Initial temp 

60°C for 2 min, ramp 10°C/min to 300°C, hold 6 min, Inj A 

auto=250°C, Split=10:1, Carrier Gas=Helium, Solvent 

Delay=2.00 min, Transfer Temp=240°C, Source 

Temp=240°C and Scan: 10 to 600Da). NIST version 2 library 

search was used for CHCs analysis. 

 

 
 

Fig 1: The weaver ant O. smaragdina colony in Pachaiyappa’s 

College for Men, campus, Kanchipuram Tamilnadu (January -2015) 

 

3. Results and Discussion  

3.1. Cuticular hydrocarbon profiles  

In this study, the ant O. smaragdina CHCs extract composed 

mainly straight-chain and branched-chain alkanes and 

alkenes. A total of 18 CHCs were identified in the workers of 

O. smaragdina (Fig.2). The cuticular hydrocarbon (CHCs) of 

Oecophylla smaragdina are a complex mixture of alkanes, 

alkenes, and methyl-branched alkanes ranging from C16 to 

C35. 
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Fig 2: GC-MS chromatograms of cuticular extracts of ant O. smaragdina worker. 

 

 
 

Fig 3: GC-MS chromatograms of cuticular extracts of ant O. smaragdina worker. 
 

Among them, the four hydrocarbons, Pentatriacontane, 

Eicosane, 9-octyl, Hexacosane, 9-octyl, and Octacosane were 

present in high proportions (area range 12.65 -59 %) in the O. 

smaragdina CHCs extract. The identified CHCs were mostly 

a mixture of n-alkanes, monomethyl alkanes, and dimethyl 

alkanes with linear chain lengths varying from C16 to C35 

carbons (Fig. 3). It may be acted as a chemical messenger 

between the ant colony and nest recognition. 

The weaver ant, O. smaragdina workers epicuticle, consists 

of hydrocarbons such as Hexadecane (C16H34), Octacosane 

(C28H58), Octadecane,9-ethyl-9-heptyl (C27H56), Heptacosane 

(C27H56), Eicosane,9-octyl(C28H58), Pentatriacontane (C35H72 

), Hexacosane, 9-octyl (C34H70), Nonadecane (C19H40), 

Heneicosane (C21H44), Heptadecane,2,6,10,15-tetramethyl-

(C21H44), Triacontyl- trifluoroacetate (C32H61O2F3), 

Tetracosane (C24H50), Eicosane (C20H42), Heptadecane,8,8-

dipentyl (C27H56), 2-Methyldocosane (C23H48), Docosane, 2,4-

dimethyl- (C24H50), 15-Methyltritriacontane (C34H70) and 9-

Methyltritriacontane (C34H70 ) (Fig. 4, 5 and 6).  

 

 
 

Fig 4: GC-MS chromatograms (peaks) of cuticular extracts of ant O. 

smaragdina worker. 
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Fig 5: GC-MS chromatograms (area %) of cuticular extracts of ant O. smaragdina worker. 
 

Cuticular hydrocarbons (CHCs) have been intensely 

investigated in social insects as they are known to be involved 

nestmate recognition [29]. The evolutionary success of 

organisms relies on their adaptability to various 

environmental conditions. The integument represents the 

outer, functional and structured interface between an 

organism and its habitat [7, 30]. It functions as a physical barrier 

to pathogens or predators, provides protection against 

wounding and injuries [31, 32], regulates the exchanges of 

water, primarily, but also plays a role in respiration, 

determination of inner temperature, body movements [33, 34] 
[35], intra and interspecific communications or sensing [36. 37]. 

 

 
 

Fig 6: GC-MS chromatograms of cuticular hydrocarbons Heptacosane present in the ant O. smaragdina worker. 
 

In ants, CHCs are extremely diverse; collecting data on 78 ant 

species, Martin and Drijfhout [11], found a total of about 1000 

different CHCs occurring in peculiar, species-specific 

mixtures, irrespectively of species phylogeny. Most abundant 

are n-alkanes followed by monomethyl alkanes, dimethyl 

alkanes, alkenes, dienes and, more rarely, trimethyl alkanes. 

Methylalkenes, methyl alkadienes, trienes and tetramethyl 

alkanes are seldom produced by very few ant species [11]. In 

ants, CHCs are synthesized in the oenocytes, which are cells 

associated with fat bodies or to the epidermis, and afterward 
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conveyed to target tissues by lipid carriers (lipoprotein) 

through the hemolymph [38]. 

Six major cuticular hydrocarbons were present in the social 

insects such as n-Alkanes, Olefins (alkenes and alkadienes), 

methyl alkanes (monomethylalkanes, dimethylalkanes and 

trimethyl alkanes), Methylolefins (methyl alkenes and methyl 

alkadienes) [11]. The CHCs of Myrmecia gulosa are a complex 

mixture of alkanes, alkenes and methyl-branched alkanes 

ranging from C-23 to C-39 [39]. High amount abundance of n-

alkanes on their cuticle of M. eumenoides and P. barbatus [39].  

Soroker and Hefetz [5], reported17 hydrocarbons in the desert 

ant Cataglyphis niger. The ant C. niger CHCs were 13,11-

Methylheptacosane,7-Methylheptacosane, 5-

Methylheptocosane, 3-Methylheptocosane, n-Nonacosane, 5-

Methylnonacosane and 3- Methylnonacosane [5]. Smith [15] et 

al., reported that the CHCs of O. haematodus were Tricosane, 

11-Methyltetracosane, Pentacosane; 5-Methylpentacosane, 3-

Methylpentacosane, Hexacosane, 2-Methylhexacosane, 

Heptacosane, Octacosane, Nonacosane and Hentriacontane 
[15].  

In the present study, the weaver ant O. smaragdina CHCs 

were mostly, n-alkanes such as Hexadecane, Octacosane, 

Heptacosane, Eicosane,9-octyl, Pentatriacontane, 

Hexacosane, 9-octyl, Nonadecane, Heneicosan, and 

Heptadecane (Fig. 4, 5 and 6). The cuticular hydrocarbons 

profile of O. smaragdina is composed primarily of straight-

chain and branched-chain alkanes and alkenes It may be acted 

as a chemical messenger between the ant colony and nest 

recognition of the weaver ant O. smaragdina. Hence, the 

present study has produced valuable information on ant O. 

smaragdina workers Cuticular hydrocarbons (CHCs) profiles. 

 

4. Conclusion 

The cuticular hydrocarbons profiles of the weaver ants O. 

smaragdina were extracted and analyzed. A total of 18 CHCs 

were identified in the workers of O. smaragdina. The ant O. 

smaragdina CHCs extract was composed primarily of 

straight-chain and branched-chain alkanes and alkenes. In this 

study, the major cuticular hydrocarbons, Pentatriacontane, 

Eicosane,9-octyl, Hexacosane, 9-octyl, and Octacosane were 

present in high proportions. These cuticular hydrocarbons 

might be acted as a chemical messenger between the ant 

colony and nest recognition of the weaver ant O. smaragdina. 

Further comparative studies within subfamily level will help 

to explicate how these vital eusocial signals arose and 

evolved, and investigations in cuticular chemical differences 

may provide insights into the evolutionary history of chemical 

communication in social insects in general. 
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