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Coccinella septempunctata Linnaeus exhibits three
kinds of elytral coloration in cereal agroecosystems,
especially in wheat cultivated in the northern plains of
India. A multivariate morphometric study was conducted to see if any difference exists in the morphological make-up of the three elytral colour morphs,
using multivariate statistical analyses. The results
showed that the observed elytral colour variation has
a strong morphological basis. The major sources of
morphological variation are mainly concentrated on
the legs. Our study reveals existence of stable elytral
colour polymorphic populations in C. septempunctata.
Keywords: Coccinella septempunctata, elytra colour,
polymorphism, morphometrics, multivariate analysis.
THE seven-spotted ladybird beetle, Coccinella septempunctata Linnaeus is a potential aphid predator found
abundantly in cereal agroecosystems, especially in the
wheat-cultivated belts of the North Indian plains1. The
general assumption is that there is little variation in the
elytral pattern of large coccinellids (e.g. Coccinella septempunctata). However, there is a potential scope for
variation in this large coccinellid species, but it is rarely
expressed2. Contrary to this general assumption, there
were some observations3,4 with records of the presence of
variation in elytral colour patterns in C. septempunctata.
In our study, we found three sympatric populations with
distinct stable elytral colour patterns, viz. red, orange and
yellow within this species in wheat-cultivated ecosystems
in and around Delhi region. The population dynamics of
these three-colour polymorphic populations showed a
clear trend in abundance over years, hinting a strong
presence of variability among them4. Differences within
or among populations, whether geographically isolated or
not, are commonly considered indicative of taxonomic
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distinctness5. Since these three colour variants of C. septempunctata are present in large numbers in the same area
and at the same time, the differences could result from
differential resource utilization as in other animals6,7. The
variability can be intimately connected with fitness8,9 and
may indicate the fitness of a character in populations
sharing the same niche. Therefore, comparison of variations within and among different populations indicates to
what extent differences among individuals are moulded
into the differences that separate races and species8,10,11.
Further, the comparison of differences in variability of
the same organs and structures in individuals of different
populations will yield a key to determine the nature of
influence of natural selection10. The morphometric variability is of fundamental importance in such variability
studies12,13. External differences other than sexual dimorphism14 among members of the same species are most
commonly quantitative rather than qualitative, as in geographic variation15, host forms16, polymorphism17 and
social castes18–21. Insects are good subjects for studies on
morphological variation14,22,23 because the exoskeleton is
easily measurable and largely free from physical distortion, and also the insect mode of life is reflected in the
dimensions and shape of its exoskeleton14.
All these points prompted us to study the morphometrics of C. septempunctata, which shows three kinds of
elytral coloration. Since morphometrics is the measurement and analysis of form14, the measured external characters need to be analysed with appropriate statistical
tools. We used univariate and multivariate statistical
methods for this purpose. Univariate ANOVA has been
used to test for intergroup differences in insects24–26.
However, univariate analyses are inadequate in the
assessment of variation in natural populations5, as they do
not consider the possible correlations among characters in
an individual in the populations5,27,28. Multivariate analyses were successfully used in the morphometric variation
studies of insects such as springtails29,30, mayflies31,
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aphids32–35, hymenopterans36–38, beetles28,39,40 and butterflies41.
In this study we examine the morphological basis of
the different elytral colorations in C. septempunctata. We
discriminate the three elytral colour polymorphs into
morphometrically distinct populations, through multivariate analyses. The study also assesses the fidelity of
the characters which distinguish the three populations.

Materials and methods

Measurement of characters
The linear measurements of 122 characters were taken
using a Nikon SMZ10 stereozoom microscope fitted with
an ocular micrometer. While measuring, a ruler was positioned next to the pinned specimen to ensure that it was
always in a level plane or set uniformly every time at the
same angle. Thus, care was taken to maintain uniformity
and concordance of values. Measurements of the taxonomic
characters were tabulated separately for these populations.
The table of character matrices for each of the characters
for the sample from the populations was then prepared.

Collection and preparation of specimens
Statistical analysis
Pre-pupal and pupal stages of C. septempunctata were
collected from the wheat fields in Delhi region during
February–March 2009. Pupae were individually kept in
glass vials closed with muslin cloth, for adult emergence.
The vials were maintained at 24°C, 75% RH and 16L : 8D
photoperiod. After 24 h of emergence, the vials containing adult beetles were separated and grouped into red (R),
orange (O) and yellow (Y). Only male adults were
retained and fed with wheat aphids, through the adult
stage. Though females also exhibit elytral colour polymorphism, we used only males for this study because of
the following reasons: males emerged more in number
from the culture, they have a lower adult longevity, less
food requirement and their size make them amenable to
microscopic observation. The whole process of adult
rearing was carried out to see that the elytral colour was
stable. After the death of the adults, the specimens were
individually examined under a microscope to evaluate
their uniformity and stability in coloration, suitability for
morphometrics, especially with regard to their physical
conditions like cleanliness and streching, completeness of
all morphological parts and amenability for examination
under the microscope. Such good specimens of nearly
uniform and stable conditions were randomly selected to
have 30 for each of the three kinds of elytral coloration,
which were then grouped a priori as population R, O and
Y. These were individually numbered and stored in
microvials before undertaking morphometric analyses.
All the specimens used in the study were stored in the
National Pusa Collection (NPC), Indian Agricultural
Research Institute (IARI), New Delhi.

Selection of characters
A total of 122 characters were selected taking into account the description of the species given by Sasaji42. All
the taxonomic characters, both diagnostic characters
listed as distinguishing key characters and the general
descriptive taxonomic characters were considered while
selecting them. The list of characters detailed part-wise is
given in Table 1.
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All the values in the table of character matrices were
log10 transformed before the statistical treatment. Univariate one-way single factor ANOVA was performed
individually on all 122 characters to find out significant
characters as a conservative mechanism of ascertaining
significance before an overall treatment is recognized43–45.
Coefficient of variation (CV) was calculated for all the
characters to test for their stability. Then, the characters
which showed significance at P < 0.01 were subjected to
principal component analysis (PCA), multivariate analysis of variance (MANOVA) and discriminant function
analysis (DFA). PCA is specifically designed to analyse
sets of correlated variables46; it has no prior assumption
of multiple groups and thus allows for their discovery47.
In the present study, PCA was used as a dimensionreducing technique48 and to investigate morphological
variation41,49. MANOVA on the first seven principal
components (PCs) was used to test for significant differences between groups41,49, as it utilizes rather than ignores correlations among characters and it is the correct
statistical test for evaluating overall group differences5.
Since DFA maximizes variation among groups28,41,50, we
used it for separating the groups and assessing the utility
of the characters used. Statistical analyses were carried
out using MS Excel (version 12) for univariate ANOVA
and CV; SPSS (version 11.5) for PCA and DFA; and SAS
(version 9.2) for MANOVA.

Results and discussion
Univariate single factor one-way ANOVA results showed
significant differences in 25 (P < 0.01) out of 122 characters analysed. CV values for these characters indicated
their high stability. If we consider these 25 characters, it
is evident that the maximum number of these is on the
legs, followed by elytra, with nine and six characters
respectively. The result indicates that to distinguish the
populations, importance must be given to the study of
characters on the legs and elytra.
All the 25 variables (significant characters) were subjected to PCA to reduce the number of dimensions and to
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Table 1.
Ch. no.

Character
A.

C1
C2
C3
B.
C4
C5
C6
C7
C8
C9
C10
C11
C12

Head
Length of head
Distance between compound eyes
Length of labrum
Breadth of labrum
Length of clypeus
Breadth of clypeus
Length of frons
Breadth of head between antennae
Breadth of frons
Compound eye
Area of compound eye
Length of compound eye (horizontal)
Breadth of compound eye (vertical)

D.

Antenna
Length of first–eleventh antennal segment
Breadth of first–eleventh antennal segment

C16-26
C27-37
E.

Maxillary palp
Length of first–fifth segment of maxillary palp
Breadth of first–fifth segment of maxillary palp

F.

Thorax
Length of pronotum at middle
Breadth of pronotum at middle
Length of pronotum at lateral margin
Breadth of pronotum at anterior margin
Length of scutellum
Breadth of scutellum at base
Distance between forecoxal margin and prosternal
anterior margin
Distance between mesocoxal margin and
mesosternal anterior margin

C38-42
43-47

C55

Whole body
Length of whole body on ventral side
Breadth of body at middle across Elytra
Length of body along elytral suture

C.
C13
C14
C15

C48
C49
C50
C51
C52
C53
C54

List of characters used in morphometric studies

find out major sources of variation. PCA indicated that the
first seven PCs with eigenvalues more than one accounted
for 66.3% variation (Table 2). Adequacy of data for the
analysis was well supported by KMO measure (0.779)
and Bartlett’s test of sphericity (χ2 = 820.556; df = 300;
sig.0.000), showing that the extracted components accounted for a substantially large amount of variation. Out
of the seven PCs, only PC1 and PC2 had the loadings
(≥ 0.5) for more than one variable and the remaining five
PCs had loadings for only one or none (Table 2). Therefore, PC1 and PC2 are the best components having been
loaded with maximum information and would provide
more meaningful interpretations for the present study.
The unloaded characters, namely distance of first spot
from lateral margin (C60), breadth of elytral epipleuron
at base (C73), breadth of elytral epipleuron at middle
(C74), length of femur of foreleg (76), breadth of femur
of foreleg (82), breadth of sixth ventrite (122) are of
1420

Ch. no.

Character

C56

Distance between metacoxal margin and
metasternal anterior margin
Breadth of prosternum
Breadth of mesosternum
Breadth of metasternum

C57
C58
C59
G.
C60
C61
C62
C63
C64
C65
C66
C67
C68
C69
C70
C71
C72
C73
C74

Elytra
Distance of first spot from lateral margin
Distance of second spot from apex
Distance of third spot from apex
Distance of third spot from apex
Distance of fourth spot from apex
Area of first spot
Area of second spot
Area of third spot
Area of fourth spot
Breadth of elytra at base
Breadth of elytra at middle
Length of elytra at apex
Length of elytra at middle
Breadth of elytral epipleuron at base
Breadth of elytral epipleuron at middle

C75-77
C78-80
C81-83
C84-86
C87-89
C90-92
C93-95
C96-98
C99-101
C102-104
C105-107
C108-110

H. Leg
Length of trochater, femur and tibia of foreleg
Length of first–third tarsal segment of foreleg
Breadth of trochater, femur and tibia of foreleg
Breadth of first–third tarsal segment of foreleg
Length of trochater, femur and tibia of middle leg
Length of first–third tarsal segment of middle leg
Breadth of trochater, femur and tibia of middle leg
Breadth of first–third tarsal segment of middle leg
Length of trochater, femur and tibia of hind leg
Length of first–third tarsal segment of hind leg
Breadth of trochater, femur and tibia of hind leg
Breadth of first–third tarsal segment of hind leg

C111-116
C117-122

I. Abdomen
Length of first–sixth ventrite
Breadth of first–sixth ventrite

lesser importance in explaining the morphological variation among the three populations of C. septempunctata.
Among the seven PCs, PC1 and PC2 had the highest
contribution with 41.2% cumulative variance described.
PC1 explains 24.0% of the total variation and has loadings for 12 characters, namely breadth of body at middle
across elytra (C2), breadth of head between antennae
(C11), breadth of third antennal segment (C29), length of
elytra at apex (C71), length of trochanter of foreleg
(C75), length of first tarsal segment of foreleg (C78),
length of second tarsal segment of foreleg (C79), breadth
of tibia of foreleg (C83), length of femur of middle leg
(C88), length of tibia of middle leg (C89), length of second ventrite (C112) and breadth of first ventrite (C117).
The second PC2 explains 17.2% of the total variation.
PC2 has loadings for six characters, namely length of
head (C4), breadth of anterior extension of pronotum
(C51), breadth of scutellum at base (C53), breadth of
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Table 2.

Principal component loadings for 25 characters
Component

Character no.
C2
C4
C11
C17
C29
C51
C53
C57
C60
C61
C71
C73
C74
C75
C76
C78
C79
C82
C83
C84
C88
C89
C112
C117
C122
Eigen value
Percentage of variance described
Cumulative (%)

1

2

3

4

5

6

7

0.6340
0.4640
0.6080
0.4760
–0.6860
0.1290
0.3420
–0.0660
–0.2290
–0.1280
0.5060
0.4670
–0.0890
0.6390
0.1500
0.6370
0.7200
–0.4160
0.5430
–0.0170
0.6950
0.5510
0.7520
–0.5420
0.4050
6.00
24.01
24.01

–0.0680
0.5130
–0.1530
–0.3140
0.2010
0.6340
0.5420
0.5730
0.4830
0.6860
0.1630
0.3280
0.4850
–0.1820
–0.3690
–0.2430
–0.1570
–0.3070
–0.3250
0.7980
0.3070
0.4790
0.3740
0.4720
–0.0960
4.31
17.26
41.27

0.0910
–0.1830
0.4090
0.0280
0.1210
–0.3850
0.4610
–0.0450
0.2710
–0.0130
0.4130
–0.2160
0.3510
–0.0870
0.3210
–0.0360
–0.1480
0.0370
–0.2600
–0.2230
–0.1390
0.0990
0.0170
0.1530
0.3040
1.40
5.59
46.86

–0.1050
–0.2010
–0.0130
0.3380
0.1970
0.1650
0.0760
0.3650
0.0960
–0.2370
0.2660
–0.2880
–0.4840
0.2030
0.2740
–0.2110
0.0960
0.0100
–0.2680
0.1160
0.2090
0.1750
–0.0220
–0.0950
–0.4070
1.33
5.31
52.18

0.3690
–0.1270
0.1020
–0.4070
–0.1180
–0.1190
–0.1800
0.0660
–0.0430
–0.0070
0.1340
–0.2490
0.0700
0.2640
–0.3490
0.1080
0.0040
0.5730
–0.0480
–0.0210
0.2670
0.1880
0.0150
0.2380
–0.2350
1.23
4.94
57.12

–0.1020
0.0240
0.0280
0.1980
–0.1760
0.0210
–0.1480
–0.3530
0.5220
0.2620
0.1950
0.2520
–0.3520
–0.2090
0.0460
0.0910
0.2010
0.4860
–0.0990
0.1700
–0.1160
–0.0680
0.0920
0.0620
0.0400
1.20
4.79
61.91

0.2580
0.3210
0.2660
–0.2210
0.0250
–0.2470
–0.0860
0.2030
–0.1850
–0.0670
–0.0740
0.2170
–0.1840
–0.3350
0.4640
0.1320
–0.1420
0.0140
0.0010
0.1580
–0.1010
–0.0940
0.1360
0.1270
–0.3680
1.10
4.41
66.32

Figure 1. Scatter plot of the first two principal components (PCs)
showing three distinct groups or clusters.

prosternum (C57), distance of second spot from apex of
elytra (C61) and breadth of first tarsal segment of foreleg
(C84). The other components, namely PC3, PC4, PC5,
PC6 and PC7 explain 5.5%, 5.3%, 4.9%, 4.7% and 4.1%
of the total variation respectively. These components
have no significant factor loadings and have less contribution in explaining the variation in the population.
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As the first two PCs accounted for 41.2% of variability
in the populations, the characters which are loaded in
these components can be considered as major sources of
variation which differentiate the populations of C. septempunctata. PC1 has high degrees of correlation with
length characters, whereas PC2 is correlated with breadth
dimensions of the beetles. The PCA results show a trend
of length versus breadth in differentiating the populations
of C. septempunctata and this can further be explained by
plotting the two components as in Figure 1, which clearly
brings out three distinct groupings. It may be noted that
PCA has no prior assumption of multiple groups as the
data were not analysed by a priori grouping. PCA
explores the data to bring out such groups, if they exist.
Thus, there are three distinct group identified in the population by PCA (Figure 1).
The seven PCs were further analysed to test the significant differences between the three populations of C. septempunctata, by subjecting them to MANOVA. For
this, the PCs were treated as a vector of dependent variables and the three populations taken as treatments.
These analyses revealed that out of the seven PCs, only
PC1 and PC2 (Table 3) showed significant effect
(PC1: F = 290.34; df = 2, 72; P < 0.0001; PC2: F =
144.41; df = 2, 72; P < 0.0001), while the remaining five
showed non-significant variations. MANOVA performed
1421
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Table 3.

MANOVA results for dependent variable: PC-1 and PC-2

Source

DF

Sum of squares

Mean square

F value

Pr > F

PC-1
Population
Error
Corrected total

2
72
74

463.56
57.47
521.047

231.78
0.79

290.34

< 0.0001

PC-2
Population
Error
Corrected total

2
72
74

246.97
61.56
308.54

123.48
0.85

144.41

< 0.0001

Table 4.

Figure 2.
lations.

Results of combined MANOVA of seven PCs

Statistic

Value

F value

Num DF

Den DF

Pr > F

Wilks’ λ
Pillai’s trace
Hotelling–Lawley trace
Roy’s greatest root

0.01
1.75
15.22
9.27

70.27
69.82
71.00
88.75

14
14
14
7

132
134
102.29
67

< 0.0001
< 0.0001
< 0.0001

Mahalanobis distance (D2) range and mean for three popu-

on all the seven PCs combinedly (Table 4) showed that
the statistics, namely Wilks’ λ, Pillai’s trace, Hotelling–
Lawley Trace and Roy’s greatest root were significant at
P < 0.0001. The statistics clearly depicts that the tested
effects contribute significantly more to the model with
very low Wilks’ λ (0.01), which is closer to zero. This is
also true with other statistics as Hotelling–Lawley trace
value (15.22) is larger than Pillai’s value (1.72) and
Roy’s value (9.27).
The canonical discriminant function analysis was carried out by a priori grouping, unlike PCA. The analysis
produced two canonical discriminant functions (CDF1
and CDF2), which showed degrees of correlation with
variables similar to PC1 and PC2. The Mahalanobis distance (D2) of group members from group centroids was
calculated to see the cohesiveness of members in a group.
Figure 2 shows the range and mean D2 values for each
group. Members of the population O were closer to the
1422

< 0.0001

group centroid with average D2 value 1.33, followed by
those of population R (D2 = 1.73). Members of population Y were comparatively away from the group centroid
(D2 = 2.56). Thus, the members of the populations R and
O are morphologically more cohesive within their respective groups, while those of population Y are a morphologically loosely knitted group. Euclidean distance (ED)
between cluster centres showed that the three groups are
well apart. The populations O and Y were more distinct
with ED value 5.750, followed by R and O (ED = 5.597),
whereas populations R and Y (ED = 4.289) were less distinct. The territorial map (Figure 3) shows clustering of
three populations as distinct groups. This clustering confirms the grouping brought out by PCA (Figure 1). A
cross-validation of group membership must be done to
assess the utility of the morphological characters used in
the analysis. In such a validation, each case is classified
by the functions derived from all cases, other than that
case. The results of cross-validation (Table 5) correctly
identified 100% of populations R and O, and 96.7% of
population Y. In the cross-validation, the group cases
were classified to 98.7%, which shows the high
degree of utility of the characters used in the study. Thus
DFA, apart from distinguishing the three groups, proves
the worthiness of the characters in classifying the populations. We measured the length and breadth of almost
every segment of the body in our study. Therefore, the
morphometric grouping along elytral colour has taken
into account nearly the whole of the body. Among the
three populations, the red-coloured population was
recorded as the most abundant among the three polymorphs, followed by orange and yellow4. There appears a
role of morphological fitness factor in the predominance
of these three populations in the field. The two locomotive organs, viz. elytra and legs with maximum number of
significant characters provide a clue that the three
populations could differ in locomotive fitness. Prey and
CURRENT SCIENCE, VOL. 102, NO. 10, 25 MAY 2012
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Table 5.

Classification results of cross-validation of group membership
Predicted group membership

Original

Count

%

Cross-validated

Count

%

Population
1
2
3
Ungrouped
1
2
3
Ungrouped
1
2
3
1
2
3

1
24
0
0
0
100
0
0
0
24
0
0
100
0
0

2
0
29
0
1
0
100
0
100
0
29
1
0
100
3.3

Total
3
0
0
30
0
0
0
100
0
0
0
29
0
0
96.7

24
29
30
1
100
100
100
100
24
29
30
100
100
100

Note: 100% of original grouped cases correctly classified; 98.8% of cross-validated grouped cases correctly classified; 1, Population R; 2, Population O; 3, Population Y.

Figure 3.

Territorial map showing plots of three populations.

mate-searching abilities are the most essential traits in the
success of a predator51–54. These abilities are solely dependent upon the locomotive power of the beetle. C. septempunctata being a large-sized beetle, competition from
other normally occurring co-inhabitant coccinellids is
weakened53. Though the body size together with other
traits gives a competitive edge over heterospecifics,
there exists, under such conditions, an increasingly stiff
competition among individuals of the large C. septempunctata population, especially in cereal ecosystems4.
Our analysis (ANOVA) suggests that the three elytral
colour polymorphic populations of C. septempunctata
develop variability in locomotive organs to tide over the
enormous internal population pressure.
Coccinellids, especially adults walk extensively on
plant surfaces in search of prey. Foraging in coccinellids
CURRENT SCIENCE, VOL. 102, NO. 10, 25 MAY 2012

is mainly based on random-walk patterns55, and prey
detection only occurs with physical contact56. Intensive
and extensive random walking enhances hitting success
with aggregated prey57. Males appear to be searching
mainly for females58. Olfactory and other associated cues
could be directing the beetle towards the targets, but the
physical execution is done by walking to reach the prey.
Thus, legs of coccinellids assume an important position
in searching and physically probing for prey. This could
bring in a sort of selection pressure on the morphology
and functioning of the legs. Apart from the leg morphometric dimension, other characters, viz. breadth of
body at middle across elytra (C2), length of head (C4),
breadth of head between antennae (C11), breadth of third
antennal segment (C29), breadth of anterior extension of
pronotum (C51), breadth of scutellum at base (C53),
breadth of prosternum (C57), distance of second spot
from apex of elytra (C61), length of elytra at apex (C71),
length of second ventrite (C112), and breadth of first ventrite (C117) contribute to the overall body size variation
among the three colour polymorphic populations. Body
size has a direct relationship with prey density59, dietary
specialization60 and foraging success61 in coccinellids.
The tracheal respiratory efficiency is highly dependent on
body shape62. Thus, morphological variations in body
size and shape drive a wide range of biological processes
contributing to the fitness of populations. Large geographic intrapopulation variation63 and variation in the
size of the elytral spots64 pointing to the presence of different populations were already observed in C. septempunctata. Hence, contrary to the general belief that C.
septempunctata being a large coccinellid beetle lacks
variation in elytral colour pattern, our study reveals the
existence of stable elytral colour polymorphic populations in the species. Seasonal elytral colour polymorphisms were observed in other coccinellids65, but in
C. septempunctata all the three polymorphic populations
1423
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co-occur in wheat-cultivated ecosystems of Delhi region.
The findings of our analysis prove that the elytral colour
patterns have the potential to carry morphological variations and associated fitness consequences in the populations66,67. Some researchers found that elytral colour
patterns in coccinellids were associated with chemical
defensiveness to mates or predators68, maintenance of
melanic polymorphism by sexual selection69 and coloration due to carotenoids of microbial (symbionts) origin,
not of plant origin70. Thus, the elytral colour patterns in
several coccinellids were found to be associated with
many biological as well as ecological consequences. In C.
septempunctata, we have shown that the elytral colour
polymorphism is correlated with differences in other morphological traits.

Conclusion
It can be concluded that different elytral colorations in
the populations of C. septempunctata do have a strong
morphological basis, as the three populations get clearly
discriminated morphometrically. Out of a total of 122
measured characters, our analyses brought out 25 highly
significant characters (through ANOVA) and 18 major
sources of variation (through PCA). Maximum morphometric variation is associated with the legs. Validation of
utility of the morphometric characters which discriminate
the three populations showed a high degree of fidelity.
The results of our study provide a base for further investigations into the presence of selection pressure across
these three elytral colour polymorphs and the associated
fitness traits among populations. Further studies are
required mainly on aspects such as cross-mating among the
three populations and heritability of elytral colour, molecular studies and prey preference. From the application point
of view, it is important to study whether these three populations differ in susceptibility to different pest management
efforts, as C. septempunctata is a potential aphid predator in
many agroecosystems.
Specimens used in the study: India: Delhi: 2527.ii.2009; 11-24.iii.2009, Coll. A. Kalaisekar, det. V.V.
Ramamurthy, on wheat, 30 specimens (R); 30 specimens
(O); and 30 specimens (Y); (NPC, IARI, New Delhi).
1. Gautam, R. D., Survival of aphidophagous ladybird (Coccinella
septempunctata Linnaeus) on non aphid hosts together with its
natural enemy complex. Ann. Agric. Res., 1994, 15, 71–75.
2. Stewart, L. A. and Dixon, A. F. G., Why big species of ladybird
beetles are not melanic. Funct. Ecol., 1989, 3, 165–177.
3. Kapur, A. P., Geographical variations in the colour pattterns of some
Indian ladybeetles (Coccinellidae: Coleoptera). Part I. Coccinella
septempunctata Linn., C. transversalis Fabr., and Coelophora bissellata Muls. In Proceedings of the First All India Congress of Zoology
held at University of Jabalpur, Jabalpur, India (24–28 October 1959),
(eds Seshaiya, R. V. and Chauhan, B. S.), 1962, vol. 2, pp. 479–492.
4. Kalaisekar, A., Biosystematic studies on the Coleoptera biodiversity in cereal crops of India. Ph.D. thesis submitted to the PG
School, Indian Agricultural Research Institute, New Delhi, 2003.
1424

5. Willig, M. R., Owen, R. D. and Colbert, R. L., Assessment of
morphometric variation in natural populations: the inadequacy of
the univariate approach. Syst. Zool., 1986, 35, 195–203.
6. Selander, R. K., Sexual dimorphism and differential niche utilization in birds. Condor, 1966, 68, 115–151.
7. Daly, M. and Wilson, M., Sex, Evolution, and Behavior,
Wadsworth Publishing Co, California, 1978, p. 416.
8. Simpson, G. G., Tempo and Mode in Evolution, Columbia Univ.
Press, New York, 1944, p. 237.
9. Bird, J., Riska, B. and Sokal, R. R., Geographic variation in variability of Pemphigus poppulicaulis. Syst. Zool., 1981, 30,
58–70.
10. Gould, S. J., Tempo and mode in the macroevolutionary reconstruction on Darwinism. Proc. Natl. Acad. Sci. USA, 1994, 91,
6764–6771.
11. Mayr, E. and Ashlock, P. D., Principles of Systematic Zoology,
McGraw-Hill, New York, 1991.
12. Lande, R., On comparing coefficients of variation. Syst. Zool.,
1977, 26, 214–217.
13. Soulé, M. E., Allometric variation. 1. The theory and some consequences. Am. Nat., 1982, 120, 751–764.
14. Daly, H. V., Insect morphometrics. Annu. Rev. Entomol., 1985,
30, 415–438.
15. Gould, S. J. and Johnston, R. F., Geographic variation. Annu. Rev.
Ecol. Syst., 1972, 3, 357–398.
16. Danielsson, R., The species of the genus Eriosoma Leach having
Ribes L. as secondary host plant (Homoptera, Aphidoidea). Entomol. Scand., 1982, 13, 341–358.
17. Blackith, R. E., Morphometrics in acridology: a brief survey.
Acrida, 1971, 1, 7–15.
18. Elmes, G. W., A morphometric comparison of three closely
related species of Myrmica (Formicidae), including a new species
from England. Syst. Entomol., 1978, 3, 131–145.
19. Garofalo, C. A., Aspectos bionômicos de Bombus (Fervidobombus) morio (Swederus). III: Tamanho das operárias e desenvolvimento da colônia (Hymenoptera, Apidae). Rev. Bras. Biol.,
1980, 40, 345–348.
20. Haggarad, C. M. and Gamboa, C. J., Seasonal variation in body
size and reproductive condition of a paper wasp Polites metricus
(Hymenoptera: Vespidae). Can. Entomol., 1980, 112, 239–248.
21. Urbani, C. B. and Kutter, N., Premiere analyse biométrique du
polymorphisme de la caste ouvriere chez les fourmis du genre
Phedologeton (Hymenoptera: Aculeata). Mitt. Schweiz. Entomol.
Ges., 1979, 52, 377–389.
22. Kellogg, V. L. and Bell, R. G., Studies of variation in insects.
Proc. Wash. Acad. Sci., 1904, 6, 203–232.
23. Alpatov, W. W., Biometrical studies on variation and races of
honey bee (Apis mellifera L.). Q. Rev. Biol., 1929, 4, 1–58.
24. Carson, H. L., Val, J. C., Simon, C. M. and Archie, J. W., Morphometric evidence for incipient speciation in Drosophila silvestris from the island of Hawaii. Evolution, 1982, 36, 132–140.
25. Gaur, A., Ramamurthy, V. V. and Dhandapani, A., Morphometrics
of taxonomically distinct entities of cotton ash weevil, Myllocerus
undecimpustulatus Faust (Coleoptera: Curculionidae) from Delhi –
Part I. Antenna. Shashpa, 1999, 6, 97–103.
26. Gaur, A., Ramamurthy, V. V. and Dhandapani, A., Morphometrics
of taxonomically distinct entities of cotton ash weevil, Myllocerus
undecimpustulatus Faust (Coleoptera: Curculionidae) from Delhi –
Part II. Head. Shashpa, 2000, 7, 1–6.
27. Rohlf, F. J., Perspectives on the application of multivariate statistics to taxonomy. Taxon, 1971, 20, 85–90.
28. Sanmartin, I. and Piera, F. M., A morphometric approach to the
taxonomy of the genus Ceramida (Coleoptera: Scarabaeoidea:
Melolonthidae). Can. Entomol., 1999, 131, 573–592.
29. Pitkin, B. R., Variation in some British material of the Onychiurus
armatus group (Collembola). Syst. Entomol., 1980, 5, 405–
426.
CURRENT SCIENCE, VOL. 102, NO. 10, 25 MAY 2012

RESEARCH ARTICLE
30. Wetton, M. N., Morphological variation in British Folsomia
quadrioculata Tullberg (Collembola: Isotomidae): a multivariate
study. Syst. Entomol., 1987, 12, 257–270.
31. Belfiore, C., Identification and discrimination of Electrogena
species by numerical methods (Ephemeroptera: Heptageniidae).
Syst. Entomol., 1996, 21, 1–13.
32. Foottit, R. G. and Mackauer, M., Morphometric variation between
populations of the balsam woolly aphid, Adelges piceae (Homoptera : Adelgidae), in western North America. Can. J. Zool., 1980,
58, 1494–1503.
33. Sokal, R. And Riska, B., Geographic variation in Pemphigus
populitransversus (Insecta: Aphididae). Biol. J. Linn. Soc., 1981,
15, 201–233.
34. Hand, S. C., The use of multivariate morphometric methods in the
separation of alate morphs of the rose-grain aphid, Metopolophum
dirhodum. Ann. Appl. Biol., 1986, 109, 19–31.
35. Tizado, E. J. and. Nieto Nafría, J. M., A new species of Uroleucon
(Hom. Aphididae) on Andriala spp. Can. Entomol., 1990, 126,
1251–1261.
36. Tan, K. et al., Geographic distribution of the eastern honeybee,
Apis cerana (Hymenoptera : Apidae), across ecological zones in
China: morphological and molecular analyses. Syst. Biodivers.,
2006, 4, 473–482.
37. Villemant, C., Simbolotti, G. and Kenis, M., Discrimination of
Eubazus (Hymenoptera, Braconidae) sibling species using geometric morphometrics analysis of wing venation. Syst. Entomol.,
2007, 32, 625–634.
38. Francoy, T. M., Silva, R. A. O., Silva, P. N., Menezes, C. and
Fonseca, V. L. I., Gender identification of five genera of stingless
bees (Apidae, Meliponini) based on wing morphology. Genet.
Mol. Res., 2009, 8, 207–214.
39. Zimmerman, J. R. and Ludwig, J. A., Multiple-discriminant analysis of geographical variation in the aquatic beetle Rhantus gutticollis (Say) (Dytiscidae). Syst. Zool., 1974, 24, 63–71.
40. Abia, C. and Piera, M., Revision taxonomica del genero
Rhizotrogus Berthold, 1827 (Coleoptera, Scarabaeidae, Melolonthini). Coleopterologicale No. 2. Europian Association of
Coleopterology, Barcelona, Spain, 1998.
41. Forister, M. L. and Shapiro, A. M., Wing pattern variation in the
Anise swallowtail, Papilio zelicaon (Lepidoptera: Papilionidae).
Ann. Entomol. Soc. Am., 2003, 96, 73–80.
42. Sasaji, H., Fauna Japonica. Coccinellidae (Insecta: Coleoptera),
Academic Press of Japan, 1971.
43. Genoways, H. H., Systematics and evolutionary relationships of
spiny pocket mice genus Liomys. Spec. Publ. Mus., Tex. Tech.
Univ., 1973, 5, 1–368.
44. Owen, R. D. and Webster, W. D., Morphological variation in
Ipanema bat, Pygoderma bilabiatum, with description of a new
subspecies. J. Mammal., 1983, 64, 146–149.
45. Willig, M. R., Composition, microgeographic variation, and sexual
dimorphism in Caatingas and Cerrado bat communities from northeastern Brazil. Bull. Carnegie Mus. Nat. Hist., 1983, 23, 1–131.
46. Morrison, D. F., Multivariate Statistical Methods, McGraw-Hill,
New York, 1967.
47. Humphries, J. M., Bookstein, F. L., Chernoff, B., Smith, G. R.,
Elder, R. L. and Poss, S. G., Multivariate discrimination by shape
in relation to size. Syst. Zool., 1981, 30, 291–308.
48. Foottit, R. G. and Mackauer, M., Morphometric variation within
and between populations of the pine aphid, Cinara nigra (Wilson)
(Homoptera : Aphidoidea: Lachnidae), in western North America.
Can. J. Zool., 1990, 68, 1410–1419.
49. Manly, B. F. J., Multivariate Statistical Methods, A Primer, Chapman & Hall, New York, 1994.
50. Tabachnick, B. G. and Fidell, L. S., Using Multivariate Statistics,
Harper Collins College Publishers, New York, 1996.
51. Ives, P. M., Feeding and egg production of two species of coccinellids in the laboratory. Can. Entomol., 1981, 113, 999–1005.
CURRENT SCIENCE, VOL. 102, NO. 10, 25 MAY 2012

52. Hodek, I. and Ceryngier, P., Sexual activity in Coccinellidae
(Coleoptera): a review. Eur. J. Entomol., 2000, 97, 449–456.
53. Hodek, I. and Michaud, J. P., Why is Coccinella septempunctata
so successful? Eur. J. Entomol., 2008, 105, 1–12.
54. Obrycki, J. J., Giles, K. L. and Ormord, A. M., Interactions
between an introduced and indigenous coccinellid species at
different prey densities. Oecologia, 1998, 117, 279–285.
55. Hodek, I., Biology of the Coccinellidae, Academia, Prague, Czech
Republic, 1973.
56. Banks, C. J., The searching behaviour of coccinellids larvae. Br. J.
Anim. Behav., 1954, 2, 37–38.
57. Bahlai, C. A., Welsman, J. A., Macleod, E. C., Schaafsma, A. W.,
Hallett, R. H. and Sears, M. K., Role of visual and olfactory cues
from agricultural hedgerows in the orientation behaviour of multicoloured Asian lady beetle (Coleoptera : Coccinellidae). Environ.
Entomol., 2008, 37, 973–979.
58. Hemptinne, J. L., Dixon, A. F. G. and Lognay, G., Searching
behaviour and mate recognition by males of two-spot ladybird
beetle, Adalia bipunctata. Ecol. Entomol., 1996, 21, 165–170.
59. Dixon, A. F. G., Body size and resource partitioning in ladybirds.
Popul. Ecol., 2007, 49, 45–50.
60. Sloggett, J. J., Weighty matters: body size, diet and specialization
in aphidophagous ladybird beetles (Coleoptera : Coccinellidae).
Eur. J. Entomol., 2008, 105, 381–389.
61. Wu, G. M., Barrette, M., Boivin, G., Brodeur, J., Giraldeau, L. A.
and Hance, T., Temperature influences the handling efficiency of
an aphid parasitoid through body size-mediated effects. Environ.
Entomol., 2011, 40, 737–742.
62. Roberto, F. N., Roger, D. S., Luis, E. C. and Derek, A. R., Effects
of shape variations on the energy metabolism of the sand cricket
Gryllus firmus: a geometric morphometric analysis. Biol. Res.,
2011, 44, 69–74.
63. Phoofolo, M. and Obrycki, J., Comparative life-history studies of
Nearctic and Palearctic populations of Coccinella septempunctata
(Coleoptera, Coccinellidae). Environ. Entomol., 1995, 24, 581–587.
64. Marin, J., Crouau Roy, B., Hemptinne, J. L., Lecompte, E. and
Magro, A., Coccinella septempunctata (Coleoptera, Coccinellidae): a species complex? Zool. Scr., 2010, 39, 591–602.
65. Osawa, N. and Nishida, T., Seasonal variation in elytral colour
polymorphism in Harmonia axyridis (the ladybird beetle): the role
of non-random mating. Heredity, 1992, 69, 297–307.
66. Honek, A., Activity and predation of Coccinella septempunctata
adults in the field (Col., Coccinellidae). Z. Angew. Entomol., 1985,
100, 399–409.
67. Visser, M. E., The importance of being large: the relationship between size and fitness in females of the parasitoid Aphaerata
minuta (Hymenoptera: Braconidae). J. Anim. Ecol., 1994, 63,
963–978.
68. Alexander, L., Bezzerides, K., McGraw, J., Robert, S., Parker,
R. S. and Husseini, J., Elytra colour as a signal of chemical
defense in the Asian ladybird beetle Harmonia axyridis. Behav.
Ecol. Sociobiol., 2007, 61, 1401–1408.
69. O’Donald, P. and Muggleton, J., Melanic polymorphism in ladybirds maintained by sexual selection. Heredity, 1979, 43, 143–
148.
70. Britton, G., Lockley, W. J., Harriman, G. A. and Goodwin, T. W.,
Pigmentation of the ladybird beetle Coccinella septempunctata by
carotenoids not of plant origin. Nature, 1977, 266, 49–50.
ACKNOWLEDGEMENTS. We thank NPC, IARI, New Delhi for
providing facilities to preserve and measure the specimens, and Isabel
Sanmartin, Museo Nacional de Ciencias Naturales, Madrid, Spain for
providing us a copy of her 1999 paper. We also thank ICAR,
New Delhi for financial assistance and the anonymous reviewer whose
critical comments helped improve the manuscript.
Received 27 July 2011; revised accepted 30 April 2012
1425

