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 Background: This study was conducted to analyze symmetry in the antennae and 

elytra of Brontispa longissima, (Gestro) also known as coconut leaf beetle (CBL), is 
one of the most invasive and destructive pests of coconut (Cocos nucifera) and other 

palms with economic importance. Since pest management practices in coconuts are 

thought to have sub-lethal effects on the larvae of B. longissima, measuring levels of 
trait Fluctuating Asymmetry (FA) can provide information that populations with higher 

trait FA might have experienced perturbations and high developmental instability 

Methods: The study analyze symmetry based on the measurements of the left and right 
antennae and elytra of B. longissima (Gestro). T-test for equal means was employed to 

determine if the observed values deviate with the theoretically expected values for 

bilaterally symmetrical traits which is equal per provinces and per tree per sampling 
site. Results: The results showed that most of the populations examined did not show 

high level of Fluctuating Asymmetry both on the antennae and elytra except in three 
populations of female where high level of Fluctuating Asymmetry on the antennae were 

observed. The departure was assumed to be due to factors which are both genetic and 

environmental in nature. On the other hand, populations with symmetry observed may 
be due to developmental selection hypothesis. Conclusion: Fluctuating Asymmetry 

were not observed in the antennae and elytra in 18 out of 21 populations of B. 

longissima suggesting that the collected B. longissima in the managed coconut 
plantations might represent that subset of the populations that have survived the various 

selection episodes—the more fit individuals. This might be the reason why a few of the 

populations exhibited fluctuating asymmetry.   
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INTRODUCTION 

 

 Brontispa longissima, (Gestro) also known as coconut leaf beetle (CBL), is one of the most invasive and 

destructive pests of coconut (Cocos nucifera) and other palms with economic importance (Leibregts & 

Chapman 2004; Liebregts 2006). Both larva and adult nourish on tissues of young emergent unopened leaves of 

the palms. It attacks all ages of palms but it‘s most damaging to plants aged one to five years. High infestation 

levels may result in the death leading to extensive production losses (Liebregts and Champman 2004; 

Sindhusake and Winotai, 2004). This beetle is believed to be native of Indonesia and Papua New Guinea, and 

accidentally introduced to the Philippines through the transport of ornamental palms (Liebregts and Chapman, 

2004; Lu et al., 2008; Nakamura et al., 2006). As an  an introduced pest, it has become invasive and was then 

difficult to control in many areas in the Philippines which could be due to the absence of  natural enemies or 

have adapted to its new environment.  What is interesting with the history of infestation in many coconut areas 

in the Philippines is the occurrence of this insect but has not become destructive. This could be due to variations 

in the susceptibility of coconuts in some areas or there were populations of the insect that are well-adapted to the 

conditions of the coconut plantations. To be able to understand the nature of populations in areas and coconut 

trees where they were observed, symmetry analysis of the antenna was done. The beetle‘s antennae does not 

only function as an accessory for mating where the males use this for mate recognition by enticing females by 

touching (Kawazu et al 2011) but it is also  for olfactory, hearing, tactile speed regulation and for defense 
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(Chapman, 2013), in other words, the antennae are organs used to feel out its physical environment.. . Since the 

hard and rigid elytra primarily function to protect the beetle‘s body when they burrow on the hearth of young 

unopened fronds of the palm and the delicate flexible hind wings, this was also studied. Furthermore, this also 

maintains flight balance and control swerving (Chen and Fan 2004) and may have contributed for the insects 

transfer from tree to treeIts color also functions as a signal of chemical defense (Bezzerides, et al., 2007) aside 

from having high intensity and toughness, anisotropy, ability to self-heal, and as a good bionic object thus a 

good character choice in population analysis (Dai et al., 2005). Since the antennae and elytra are considered to 

be conserved structures (Minelli, 2005),it is presumed that the antennae being a secondary sex organ is less 

vulnerable to developmental perturbations andthe elytra, a non-sexual character, is also presumed to be less 

―stable‖ and more affected by developmental noise.  

 Populations of B. longissima has been exposed to various measures to control population size so as not to 

cause outbreaks. It is hypothesized that mechanical (pruning, cutting), chemical (use of pesticides such as 

methidathion, actara and prevathon) and biological control (use of parasitoids Tristrticus sp. and Asecodes 

hispinarum, fungus Metarrhizium aniosplae) might have affected the nature of populations of the insect pest. 

Since these measures are thought to have sub-lethal effects on the larvae of B. longissima, measuring levels of 

trait fluctuating Asymmetry (FA) can provide information that populations with higher trait FA might have 

experienced perturbations and high developmental instability  

 Generally, organisms are open to the elements of genetic action and environmental pressures during 

development (Martin & Hosken, 2009) that could alter the appearance of phenotypes (Moller et al 1995). Thus 

to elucidate the competence with which the genotype is translated into well-functioning phenotype is by taking 

into account the level of developmental stability of the phenotype. When development is stable, it is assumed 

that bilaterally symmetrical traits such as left and right antennae and elytra should be identical in length. 

Developmental stability will indicate the capacity of the genotype to direct development of a specific phenotype 

under an extensive array of environmental stressors (Palmer 1994; Lerner 1954; Waddington 1957; Alford, et 

al., 1999). Since deviations from perfect symmetry are frequent and these departures are thought to transmit 

information about developmental stability (Martin and Hosken 2009), developmental instability will result when 

stressors interfere with the ability of the organisms to correct against them and the outcome, the ultimate form is 

not fashioned (Alford, et al., 1999). There has been increasing interest in the use of various measures of 

developmental stability to understand a wide range of ecological and evolutionary problems, as measures of 

developmental stability/instability are thought to provide reliable information about the quality (fitness) of 

individuals and on the degree of environmental stress to which they were exposed (Waddington 1960; Parsons 

1961; Hurtado et al 1997; (Leung 1999). The most popular measure of developmental stability has been the 

departure from perfect symmetry of a bilateral character measured as its FA which is reliable predictors of 

fitness (Moller and Swaddle 1997; Moller and Thornhill 1998; Waynforth 1998; Moller 1999). There are many 

environmental factors that are thought increase developmental instability such as food quality and quantity, 

pollutants, extreme temperatures, and parasites. Included also are genetic factors that give rise to elevated 

instability such as inbreeding, homozygosity, hybridization, and mutation (Moller 1986; Parsons 1990). If 

individuals from a specific population are reared in a novel environment, there is also a dramatic increase in the 

developmental instability (Zakharov, 1981, 1989) suggesting that developmental instability also reflects 

genotype-by-environment interactions and local adaptations. As to whether the different populations of B. 

longissima feeding on selected trees in several managed coconut plantations in the Philippines show 

developmental instability based on quantitative measurements of left and right antennae and elytra was done in 

this study. 

 

1. Methodology: 

Collection of Samples and Sampling Sites:  

 Opportunistic sampling was done in the collection of adult B. longissima (Gestro). Insects were randomly 

collected in coconut trees in selected farms in selected villages/towns in the provinces of the Philippines where 

known pest control measures were applied such as mechanical (pruning, cutting), chemical (use of pesticides 

such as methidathion, actara and prevathon) and biological control (use of parasitoids Tristrticus sp. and 

Asecodes hispinarum, fungus Metarrhizium aniosplae). The areas were: Banao in Guinobatan, Albay; Plaridel, 

Baybay, Leyte; Poblacion in Albuera, Leyte; Cambalatong in Albuera, Leyte and   Tandag City, Surigao del 

Sur. (Figure 1). 

 The collected samples per tree per sampling site were placed in plastic containers containing prepared 

fixative (70% ethyl alcohol + 30% glacial acetic acid) for preservation. Sexes were determined (Ayri & 

Ramamurthy, 2012) in the laboratory using Leica Dissecting Microscope and photographed using GE digital 

camera. Image Tool for windows ver. 3.0 was used to measure the left and right antennae and elytra of both 

male and female adults of B. longissima (Show antennae and elytra of the pest).  

 T-test for equal means was employed to determine if the observed values deviate with the theoretically 

expected values for bilaterally symmetrical traits which is equal per provinces and per tree per sampling site.  
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Fig. 1: Map of Philippine Island showing the locations of the sampling sites. 

 

2. Results: 

 Of the twenty-one populations examined, only three populations exhibited high level of trait FA in the 

length of the antennae (Table 1). The deviation observed was towards the left side of the antennae. On the other 

hand, none was observed in the female and male elytra (Table 2). However, when the analysis was done on 

pooled data in Albay (Luzon), Leyte (Visayas) and Tandag (Mindanao) (Table 3 & 4) deviations from symmetry 

were not statistically significant which is indicative of the absence of FA. 

  
Table 1: Test for Fluctuating Asymmetry in the length of antennae in both sexes of B. longissima collected per coconut tree.                 

Tree No. N t-value P-value 

Al T3FA 14 0.85933 0.39801 

AlT12FA 15 1.2766 0.21224 

AlT13FA 54 2.0254 0.045337* 

AlT14FA 94 0.071343 0.9432 

AlT15FA 13 -0.0081741 0.99355 

SPALT1FA 22 0.56503 0.57506 

SPALT3FA 12 2.6319 0.015226* 

PBLT3FA 10 1.2582 0.22441 

PBLT4FA 19 2.1974 0.031509* 

TANT1FA 10 1.0813 0.29385 

TANT2FA 11 0.6465 0.52531 

TANT3FA 16 0.48949 0.62805 

TANT4FA 15 -0.36137 0.72054 

Al T3MA 11 -0.059426 0.9532 

AlT13MA 52 -0.76435 0.44643 

AlT14MA 84 0.74069 0.45993 
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SPALT1MA 20 1.2856 0.20638 

PBLT3MA 12 1.4611 0.15813 

PBLT4MA 15 -0.095695 0.924444 

PBLT5MA 14 1.3406 0.19163 

CALT1MA 25 0.77433 0.44253 

Legend: Al T3FA – Albay Tree n0. 3 Female Antennae; SPALT1FA- Sitio, Poplacion, Aluera, Leyte Tree no. 1 Female Antennae; 

PBLT3FA- Plaridel, Baybay, Leyte Tree no. 3 Female Antennae; TANT1FA- Tandag Tree no. 1 Female Antennae; Al T3MA- Albay tree 

no. 3 Male Antennae; SPALT1MA- Sitio, Poplacion, Aluera, Leyte Tree no. 1 Male Antennae; PBLT3MA- Plaridel, Baybay, Leyte Tree 
no. 3 Male Antennae; CALT1MA- Cambalatong, Albuera, Leyte Tree no 1 Male Antennae  

 

Table 2: Test for Fluctuating Asymmetry in the length of elytra between sexes of B. longissima collected per coconut tree. 

.Tree No N t-value P-value 

Al T3FE 14 -0.068571 0.94586 

AlT12FE 15 -0.43445 0.66707 

AlT13FE 54 -0.061378 0.955117 

AlT14FE 94 -0.28756 0.774 

AlT15FE 13 -0.45872 0.65057 

CALFE 12 -0.2093 0.833614 

SPALT1FE 22 -0.4052 0.68739 

SPALT3FE 12 -0.20368 0.84048 

SPALT FE 11 -0.22346 0.82544 

PBLT3FE 10 -0.028617 0.97749 

PBLT4FE 18 -0.11159 0.91181 

PBLT  FE 33 -0.18101 0.85693 

PBLT  FE 10 -0.017913 0.98591 

TANT1FE 10 -0.050887 0.95998 

TANT2FE 11 0.076409 0.93985 

TANT3FE 16 -0.14214 0.88792 

TANT4FE 15 -0.17766 0.86027 

Al T3ME 11 -0.059426 0.9532 

AlT13ME 52 -0.26388 0.79241 

AlT14ME 84 -0.30062 0.76418 

SPALT1ME 20 -0.16097 0.87297 

PBLT3ME 13 0.054586 0.95692 

PBLT4ME 15 0 1 

PBLT5ME 14 -0.37331 0.71194 

CALT1ME 24 -0.57383 0.60983 

Legend:  Legend:  Al T3FE – Albay Tree n0. 3 Female Elytra; CALFE- Cambalatong, Albuera, Leyte; SPALT1FE- Sitio, Poplacion, 

Aluera, Leyte Tree no. 1 FemaleElytra; PBLT3FE- Plaridel, Baybay, Leyte Tree no. 3 Female Elytra; TANT1FE- Tandag Tree no. 1 Female 
Elytra; AlT3ME- Albay tree no. 3 Male Elytra; SPALT1ME- Sitio, Poplacion, Aluera, Leyte Tree no. 1 Male Elytra; PBLT3ME- Plaridel, 

Baybay, Leyte Tree no. 3 Male Elytra; CALT1ME- Cambalatong, Albuera, Leyte Tree no 1 Male Elytra 

 
Table 3: Test for Fluctuating Asymmetry in the length of the antennae of adult male and female B. longissima collected from selected 

provinces in the Philippines.  

               Sampling Site N t-value P-value 

Albay Female antenae 215 1.6635 0.096935 

Albay Male antenae 172 0.43009 0.6674 

SPAL FEMALE 56 1.4381 0.15324 

SPALMALE 38 1.6097 0.11173 

PBL FEMALE 87 1.905 0.58443* 

PBL MALE 58 1.9067 0.05908* 

CAL FEMALE 31 1.4171 0.16163 

CAL MALE 48 0.24567 0.80648 

TANDAG FEMALE 58 0.93677 0.35086 

TANDAG MALE 17 0.44386 0.66013 

Legend: SPAL- Sitio, Poplacion, Aluera, Leyte; PBL- Plaridel, Baybay, Leyte; CAL- Cambalatong, Albuera, Leyte 
 

Table 4: Test for Fluctuating Asymmetry in the length of elytra of the male and female adult B. longissima collected from selected 

provinces in the Philippines.  

Sampling Site N t-value P-value 

Albay Female Elytra 217 -0.44296 0.65802 

Albay Male Elytra 156 -0.41588 0.67778 

SPAL FEMALE 65 -0.34935 0.7274 

SPAL MALE 33 -0.20228 0.84034 

PBL FEMALE 85 -0.17504 0.86126 

PBL MALE 59 -0.25026 0.80283 

CAL FEMALE 53 -0.2387 0.81181 

CAL MALE 44 -0.63948 0.32421 

TANDAG FEMALE 58 -0.13258 0.89476 

TANDAG MALE 17 -0.18343 0.85562 

Legend: SPAL- Sitio, Poplacion, Aluera, Leyte; PBL- Plaridel, Baybay, Leyte; CAL- Cambalatong, Albuera, Leyte 
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 While several researches show an altered expression of a particular phenotype of a trait when an organism 

during development is exposed to genetic and environmental disturbances, (Martin and Hosken, 2009) this was 

not the case in B. longissima. It can be seen from the results of the study that developmental instability was 

generally not observed in the pest collected from different trees of the different coconut plantations sampled 

from selected geographical provinces in the Philippines.  

 

4 .Discussion: 

 It is argued that exposure to a harsh environment could affect the developmental stability of an organism 

leading to developmental instability correlated with high Fluctuating Asymmetry measures (Palmer 1994; 

Lerner, 1954; Waddington 1957; Alford, et al., 1999; Martin and Hosken, 2009). In the current study however, 

FA measures on the antennae and elytra were not observed in most populations of B. longissima. While the 

insects were exposed to different pest control measures thought to have either lethal or sub-lethal effects on the 

larvae of B. longissima using FA as indicator, result was otherwise contrary to what was expected. Stress is 

expected to disrupt developmental stability of a trait and elevate its degree of asymmetry, but the antennae and 

elytra  may have different genetically-based sensitivity to  stress factors, so that FA signal in response to stress 

across traits will vary as shown by only 3 populations with elevated FA. The stressor encountered by the 

majority of the populations may not have interfered with the developmental pathway of the two traits and 

therefore did not elevate its FA. 

 Another possible explanation of the results of the study could be explained by developmental selection 

theory which states that the positive relationship between symmetry and stress may be altered when the stressor 

eliminates individuals from the population (Polak, et al., 2002). It can be hypothesized that the larvae during its 

exposure to different control measures were eliminated or killed. This is supported by a lot of studies conducted 

that have failed to detect a significant relation between FA and known agents of environmental and genetic 

stress and between FA and fitness components (Leung and Forbes, 1996; Clarke et al., 1992; Fowler and 

Whitlock, 1994; David et al., Vollestad et al., 1998; Bjorksten et al., 2000; Woods et al., (1999).  Because of 

heterogeneity, there are traits that are reliable indicators of fitness and stress. At the individual level, one source 

of heterogeneity will be that traits will differ in their sensitivity to particular forms of stress (Leung and Forbes 

1996) indicatinglittle reason to expect that all developmental pathways within an organism will respond 

similarly in magnitude or direction to a given form of environmental insult. Some traits will be more strongly 

selected than others for symmetrical expression to minimize disproportionate costs associated with asymmetry, 

such as loss of energy or performance during locomotion and fight (Swaddle et al 1996.) Functional traits may 

thus be less sensitive to environmental variation due to a history of relatively strong canalizing selection 

(Waddington 1957). If developmental stability in particular traits reflects individual quality (Moller and 

Pomiankowski, 1993; Polak and Trivers, 1994), then the most developmentally stable phenotypes should be 

able to resist and to cope with environmental contingency. If these differences translate to disproportionate 

mortality in developmentally unstable classes, then samples of adults from populations under lethal stress will 

exhibit reduced FA (Floate and Fox, 2000). Some studies however failed to support the selective hypothesis 

(Hardensen and Frampton 1999; Campbell et al 1998). This only means that the stressor may or may not 

increase developmental instability of a trait, but the outcome of exposure to stress is a reduction of FA through 

the selective removal of less tolerant, developmentally unstable phenotypes, which is the basis of the 

developmental selection hypothesis (Moller, 1997). This may explain the results where there were 3 populations 

of B. longissima with higher trait FA. These populations may have experienced perturbations and developmental 

instability as a result of the various interventions done by the pest management activities of the Philippine 

Coconut Authority of the coconut plantations.  

 

5. Conclusion: 

 Fluctuating Asymmetry was not observed in the antennae and elytra in the eighteen populations of B. 

longissima suggesting that the collected B. longissima in the managed coconut plantations might represent that 

subset of the populations that have survived the various selection episodes—the more fit individuals. This might 

be the reason why none of the populations exhibited fluctuating asymmetry. 
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