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Abstract
Fluctuating asymmetry (FA) refers to the unequal bilateral sides of an organism. It occurs when an individual is
unable to undergo identical development on both sides of a bilaterally symmetrical trait. It measures the
sensitivity of development to a broad array of environmental and genetic stresses. In this study, FA was used to
measure developmental instability (DI) the inverse of developmental stability of populations of C.
quinquefasciatus in (Mahayahay, Tambacan and Tipanoy) Iligan City. Analysis was based on landmark-based
Geometric morphometrics (GM) through Procrustes method and makes comparison of FA indices of homologous
points and identifies the level of developmental instability. Using landmark based method for shape asymmetry,
anatomical landmarks were used and analyzed using Symmetry and Asymmetry in Geometric Data (SAGE)
program. Eighteen landmarks were tested for samples for all populations. Procrustes ANOVA results showed
variation and highly significant levels of FA for the three populations and no indication of Directional asymmetry
(DA). Underlying reasons behind high FA may include stress as experienced by populations (endogenous and
exogenous). Significant FA and increase FA present inability of species to buffer stress in its developmental
pathways hence, would mean developmental instability and have implications on species fitness, adaptation,
quality of individuals and status as a vector.

Data obtained on the nature and population status of C.

quinquefasciatus may help in establishing tailor-made vector control plan for national programmes in the
Philippines.
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Introduction

C. quinquefasciatus in the respective areas is

Part of the goal of World Health Organization (WHO)

important. This led to the investigation of the nature,

Global Programme is to eliminate lymphatic filariasis

variation, and developmental status of the species

in various countries in the globe. In this respect,

populations found in some major barangays in Iligan.

much

Culex

Previous studies had used fluctuating asymmetry

quinquefasciatus, because it is known as a vector of

(FA) in population estimates to investigate the nature

filarial nematodes causing diseases. Previous studies,

and status of species in a given area. FA is defined as

expressed that variation among natural populations

fine and random deviations from perfect symmetry of

of C. quinquefasciatus, are associated with different

organism’s morphology. It is known as a reliable

vectorial capacities (Morais et al., 2002). Hence,

factor to detect the developmental stability of an

reported vectorial status of C. quinquefasciatus, is

organism because it

complex and changing (Pedersen, 2008, Hamon et

environmental stresses and this has been an

al.,1967), as there are many factors influencing the

important theory in evolutionary biology for decades

quality of individuals. Although, lymphatic filariasis

(Palmer, 1994). Thus, it can create an estimate of

transmission is not exclusive to Culex as it is said to

developmental “noise,” that has been utilized as a

be transmitted by other species of mosquitoes from

measure of developmental stability and to evaluate

four principal genera (Anopheles, Culex, Aedes and

the influence of environmental and genetic stresses

Mansonia) and the distribution, ecology, biology and

on

transmission

vary.

Waddington, 1942), herewith, a direct relationship

Noteworthy, is that transmission efficiency differs

between FA and developmental instability (DI). An

considerably by vector species. With this information

assumption of FA analysis is that the development of

at hand, it is pertinent to understand the nature of C.

the two sides of a bilaterally symmetrical organism is

quinquefasciatus populations found in a specific area

influenced by identical genes and, therefore, non-

(Hamon et al.,1967).

directional differences between the sides must be

interest

has

potential

been

of

devoted

which

to

may

development

environmental

shows

(Palmer

in

origin

both

and

and

genetic and

Strobeck

reflect

1986,

accidents

There are almost 120 million cases of lymphatic

occurring during development. It increases under

filariasis worldwide and had posed a big problem

both environmental and genetic stress. It reflects a

(Foster and Walker, 2002, Galbo and Tabugo, 2014,

population’s state of adaptation, coadaptation and

Labarthe and Guerrero, 2005, Flores et al., 2010). In

quality (Waddingon, 1942, Graham et al., 1993).

the Philippines, it is quite alarming that the cases

Overall, increased fluctuating asymmetry is related

were increasing and spreading. In 2005, there were

either to environmental stress or with increased

645,232 cases reported which 56% of it was from

homozygosity; but somehow, exceptions to these

Mindanao. In Iligan City, although, it was not a major

relationships are common and few studies directly

outbreak, there were reports from DOH about filarial

associate fluctuating asymmetry, selection, fitness

incidence of residents from Barangay Tipanoy and

and evolutionary change (Merila and Bjorklund,

Tambacan. However, it was not ascertain whether

1995). The ubiquity of symmetry enhanced the idea of

natural populations of C. quinquefasciatus from these

having FA as a bioindicator of developmental

barangays were really behind the recorded cases. It

instability. Also, FA could provide advantages over

was also not certain whether patients obtained the

other bioindicators of stress because FA is cost-

infection from these two barangays or outside.

effective and easy to measure (Clarke, 1993).

Apparently, due to the long incubation period plus
growth of the filarial larva inside the body system that

In this regard, this study was done to assess the

is difficult to detect until the onset of visual cues.

nature, variation and developmental status of natural

Hence, assessment of the existing populations of the

populations
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quinquefasciatus.

FA

as

a
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bioindicator of stress and developmental instability

Materials and methods

was examined in the wings of C. quinquefasciatus

Study Area

collected

(Mahayahay,

Iligan city is known as the city of waterfalls. It is

Tambacan and Tipanoy) in Iligan City. The wings

geographically within the province of Lanao del

were investigated because it has been known to

Norte. It has a total of land area of 813.37 square

contribute much to the unparalleled success of

kilometers (314.04s mi), making it one of the largest

insects. In the recent years, much interest has also

cities in the Philippines in terms of land area.it is

been devoted to the determination and examination

bounded on the north by 3 municipalities of Lanao

of FA as an indicator of individual quality. Here, a

del Norte (Baloi, Linamon and Tagoloan) and the 2

hypothesis assumes that fluctuating asymmetry may

municipalities of Lanao del Sur (Kapai and Tagoloan

reflect quality of individuals. Results of FA in the

II), to the northeast by Cagayan de Oro City, to the

wings may imply the state of adaptation and co-

east by the municipality of Talakag, Bukidnon;and to

adaptation of C. quinquefasciatus. Data obtained may

the west by Iligan Bay. It had a population of 322,821

help in establishing tailor-made vector control plan

inhabitants in the (see Fig.1).

from

selected

barangays

for national programmes in the Philippines.

Fig. 1. Map of Iligan City, Lanao del Norte, Philippines (left); map showing

the 3 barangays (Tipanoy,

Mahayahay and Tambacan) that serve as sampling sites (right).
The chosen barangays were Mahayahay, Tamabacan

animal blood by sucking for their reproductive cycle.

and Tipanoy. They were selected as the sampling sites

Male C. quinquefasciatus mosquitoes feed on plant

because these barangays have reported incidence of

substance. Sex of the said mosquitoes can be

lymphatic filariasis. Although Brgy. Mahayahay has

identified through their proboscis, a long needle-like

no incident report but this will be the basis if there is

antenna that extends from the area of its mouth. Male

significant difference among the three sites since

mosquitoes have a feather-like proboscis, while the

Brgy. Mahayahay serves as a connecting link between

proboscis of female mosquitoes is relatively smooth,

Brgy. Tambacan and Brgy. Tipanoy.

not bushy as shown Fig. 2.

Sample Collection, Processing and Study Procedures

Specimens were collected from housing units in

Only female C. quinquefasciatus mosquitoes were

Mahayahay, Tambacan and Tipanoy, Iligan City.

used in this study because they feed on vertebrate

Collection of adult mosquito samples was done using
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aerial nets. The adult mosquitoes that were trapped

2006, Klingenberg and McIntyre, 1998).

inside the net were transferred into plastic bottles for
easy transport to the laboratory. Sampling was done

Moreover, Principal Component Analysis (PCA) of the

during night time. It was observed that breeding sites

covariance matrix associated with the component of

include shallow canals, artificial habitats such as

FA variation was performed, to carry out an

drains and drain sumps, wells, stock drinking

interpolation based on a thin-plate spline to visualize

troughs, septic tanks, rain water containers, tires and

shape

various other small containers. The collected adult

deformation grids (Marquez, 2006) in order to

mosquitoes were sorted and identified in the

understand variation on respective populations.

laboratory

using

a

stereoscope

and

changes

as

landmark

displacement

in

digital

microscope. Only female C. quinquefasciatus adults

Results and discussion

(N=60) per site were utilized in this study. The wings

Culex quinquefasciatus Say (Diptera: Culicudae) is a

of

member

identified

C.

quinquefasciatus,

were

gently

of

the

Culex

pipiens

complex.

C.

detached from the thorax using forceps, placed on a

quinquefasciatus, is often characterized as brown,

glass slide and secured with another glass slide to

medium-sized mosquito which is commonly found in

cover it. Wings were photographed under a dissecting

households. It is usually found in rural and urban

microscope with consistent magnification, and the

communities in tropical and subtropical regions

digital images were kept on file for data analysis.

worldwide. Their breeding system is the same as
other mosquitoes, where the male and female mate

For morphometric analysis, eighteen (18) anatomical

and then, female lays eggs on water, become larvae

landmarks in the wings of female C. quinquefasciatus

and become adult mosquito after many days (Derraik,

were used. TPS files were created using TpsUtil and

2005). Sampling sites from the three barangays were

landmarks were digitized using TPSdig2 software.

found

Descriptions of identified landmarks are presented in

quinquefasciatus because of presence of bodies of

Table 1. The landmarks were placed at intersections

water in the area such as ponds, man-made canals,

of wing veins or intersections of veins and the wing

tires and empty plastic containers. Collection of the

margin (Fig. 3).

specimens was done during the night time since, they

to

be

suitable

breeding

sites

of

C.

are considered as nocturnal opportunistic blood
FA levels were measured using the “Symmetry and

feeders, also to increase the probability of getting

Asymmetry in Geometric Data‟ (SAGE) program,

C.quinqefasciatus over other species because, other

version 1.0. This software analyzed the x- and y-

species may be also present (e.g. Anopheles) (Derraik

coordinates of landmarks per individual. Procrustes

and Slaney, 2005, Lee et al., 1989).

superimposition analysis was performed with the
original and mirrored configurations simultaneously

It was observed that the size of adult female C.

(Fig. 4). This method removes the effect of location,

quinquefasciatus ranged from 3.9 to 4.3 mm. The

orientation and scale. The least squares Procrustes

color of the body was brown. The tarsi, wings,

consensus of set of landmark configurations and their

proboscis and the thorax were darker in color than

relabeled mirror images is a perfectly symmetrical

the rest of the body. The abdomen of a female C.

shape, while FA is the deviation from perfect bilateral

quinquefasciatus was somewhat bloated than the

symmetry. The

male. The length of the antennae and the proboscis

squared average of Procrustes
individual

was the same in length. However, there were cases

contribution to the FA component of variation within

wherein the antennae is slightly shorter than the

a sample. To detect the components of variances and

proboscis (Galbo and Tabugo, 2014). The flagellum

deviations, Procrustes ANOVA was used (Marquez,

has thirteen segments that have few to no scales

distances

for

all

specimens

is

the
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(Lima et al., 2003, Sirivanakam and White, 1987).

depend on plants as a sugar meal. But only female C.

The thorax scales were narrow and curved. The

quinquefasciatus

abdomen was round, narrow and with pale bands on

purposes. They feed on animals such as mammals

the basal side of the tergite. The bands barely touch

and birds during night time. Thus, only female C.

the basolateral spots taking on a half-moon shape

quinquefasciatus was considered for this study.

seeks

blood

for

reproduction

(Darsie and Ward, 2005). Both male and female
Table 1. Description of assigned landmarks on Culex quinquefasciatus wings.
Landmarks #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Description
intersection of costa (C)
distal end of the radius (R)
radial branch 2
radial branch 3
distal end of radial branches 4 & 5
distal end of M1 & 2
distal end of M3 & 4
distal end of cubital vein 1
distal end of cubital vein 2
Anal vein
origin of cubital 1
midpoint branch of cubital 3
medio-cubital cross vein
midpoint branch of medial vein
radio-sectoral vein
radio-medial cross vein
midpoint branch of radial vein
origin of radius branches 2 & 3

Fluctuating asymmetry of the right and left wings of

both environment and genetic stress (Graham et al.,

C. quinquefasciatus collected from Mahayahay,

2010).

Tambacan and Tipanoy were assessed through
Procrustes method using SAGE software. FA is

Results

directly related to developmental instability (DI).

significant value of FA in the wings of the specimens

Hence, a common tool in investigating DI. The

from the three sites. FA was determined using the

ubiquity of symmetry is a major advantage of FA over

coordinates of the tangential space including the

other measures of developmental instability. One

product of the coordinates of the left and right

could

and

homologous points in formula which provided the

examine the underlying cause. Here, FA refers to

final result of the Procrustes ANOVA (Table 2). The

small random deviations from perfect symmetry in

mean square of the interaction of “individuals x

bilateral paired structures (i.e. right and left wings)

sides” effects revealed a high value compared to the

and it is thought to reflect an organism’s ability to

low value of mean square measurement error which

cope with genetic and environmental stress during

indicates highly significant FA for all populations, as

development. Its utility as a bioindicator of stress was

also manifested by the high F values for “individuals

based on the assumption that perfect symmetry is a

x sides” effect for all sites. However, Tambacan has

priori expectation for the ideal state of bilateral

relatively higher F value compared to the other two

structures. It may reflect a population’s average state

sites. A higher F value would mean smaller P value

of adaptation and coadaptation (Graham et al., 2010,

(*P<0.001 is significant). Thus, Tambacan has higher

Parsons, 1990). Also, it is thought to increase under

FA level. Only individual x sides interaction denotes

compare

developmental

instabilities

of
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showed

highly
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fluctuating asymmetry (FA). Directional asymmetry

developmental instability and have implications on

(DA) (‘sides’) was not significant in all samples.

species fitness. Hypothesis assumes that fluctuating
asymmetry

has

In the light of the results, significant FA and increase

individuals

and

FA present inability of species to buffer stress in its

environmental stress experienced by individuals or

developmental

populations during development.

pathways

hence,

would

mean

costs,
the

reflects
level

the
of

quality

genetic

of
and

Table 2. Procustes ANOVA results of C. quinquefasciatus in three different barangays.
Effects
Mahayahay
Individuals
Sides
Individuals x sides
Measurement error
Tambacan
Individuals
Sides
Individuals x sides
Measurement error
Tipanoy
Individuals
Sides
Individuals x sides
Measurement error

SS

DF

MS

F

P

Significance

0.12715
0.00826
0.15892
0.14092

608
32
608
2560

0.000209
0.000258
0.000261
5.50E-05

0.80008
0.98751
4.7481
--

0.99698
0.48872
0
--

ns
ns
******

0.097304
0.0078617
0.11442
0.098636

608
32
608
2560

0.00016
0.000246
0.000288
3.85E-05

0.85041
1.3055
4.8843
--

0.97702
0.12367
0
--

ns
ns
******

0.054123
0.0023278
0.072338
0.080706

608
32
608
2560

8.9018e-005
7.2744e-005
0.00011898
3.1526e-005

0.7482
0.61142
3.774
--

0.99982
0.95581
0
--

ns
ns
******

Note: side = directional asymmetry; individual x sides interaction = fluctuating asymmetry; * P < 0.001, ns –
statistically insignificant (P> 0.05); significance was tested with 99 permutations, ***** = highly significant.
Based on the results, it suggests that populations of C.

The possible cause of developmental instability were

quinquefasciatus present in these areas have poor

well studied and it include a range of environmental

developmental homeostasis, thus high developmental

factors

instability (DI). Hence, may suggest not fit enough as

deficiency, parasitism, pesticides) and genetic factors

competent vectors. A recent study by Galbo and

(e.g. inbreeding, hybridization, novel mutants) (Mpho

Tabugo, 2014 yield the same results for populations

et al., 2000).

(e.g.

deviant

climatic

conditions,

food

from barangay Del Carmen, Palao and San Miguel.
Table 3. Variance explained by two Principal Component of C. quinquefasciatus in three barangays.
Barangay

PC 1(%)

PC2 (%)

Overall (%)

Mahayahay

38

20

58

Tambacan

46

14

60

Tipanoy

38

21

59

In addition, the transmission dynamics of lymphatic

responsible for incidence of filariasis in Iligan may

filariasis are quite complex, involving two genera of

not be true because other mosquitoes could be

parasite (Wuchereria and Brugia) and a number of

involved locally. This is in line with reports where

genera of mosquito carriers. The four main genera

lymphatic filariasis was transmitted mainly by

are: Anopheles, Culex, Aedes and Mansonia. Thus,

Anopheles mosquitoes. Anopheles and Culex bite

the preconceived notion that Culex alone was

predominantly at night, and a number of anopheline
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species prefer to bite humans and to rest indoors. The

community and the biting rate of the mosquito. In

transmission of lymphatic filariasis parasites is

general, the greater the number of infectious hosts

considered to be less efficient than that of other

available in a community with a moderate-to-high

vector-borne parasites, such as malaria and dengue,

density of circulating microfilariae in their peripheral

because the rate of uptake of microfilariae by a

blood and the higher the biting rate, the higher the

mosquito vector from a human host depends on the

chance of a mosquito picking up microfilariae from a

prevalence

human host and causing transmission.

and

intensity

of

infection

in

the

Fig. 2. Culex quinquefasciatus mosquito female (left); difference between male and female (right) see proboscis.

Fig. 3. Location of eighteen landmarks in the wing of C. quinquefasciatus.
Extremely high levels of microfilariae in the blood

survival of adult mosquitoes (Foster and Walker,

may, however, result in a substantial number of

2002, Labarthe and Guerrero, 2005).

mosquito deaths as the larvae develop. It was also
noted that thresholds are likely to vary in different

Moreover, Principal Component Analysis (PCA) was

areas because of the heterogeneity of the vector–

also performed in order to visualize the covariance

parasite relationship. Local environmental conditions

shape change for each principal component and to see

affect nature populations and also transmission. This

the

include rainfall, temperature, humidity and soil type

fluctuation for each landmark. The red dots represent

can all affect the production of breeding sites and the

the morphological landmarks used in the study while

general
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and

magnitude

of

the
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the blue arrows indicate the direction as well as the

more percentage of variation than samples from

magnitude of the fluctuation. The percentage values

Mahayahay and Tipanoy (Table 3 and Fig. 5),

of PCA represent the level of variability in the data.

although the values are quite close. Also, higher FA

Here, the amount of overall variation exhibited by

was exhibited by the samples from Tambacan.

PC1 and PC2 of samples from Tambacan exhibited

Fig. 4. Procrustes fit of right (red) and left (blue) sides data of wings.

Fig. 5. PCA implied deformation for individual x side interaction of fluctuating asymmetry C. quinquefasciatus in
the three barangays where, more variation were exhibited by Tambacan samples (see magnitude of blue arrows).
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Noteworthy is that, significant FA and increase FA
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