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Abstract

The carob moth, Ectomyelois ceratoniae (Zeller), belongsto the family Pyralidae and the subfamily
Phycitinae. In spite of some features of sexual dimorphismin size and shape in the order Lepidoptera and
the mentioned family, it has not been recorded in this species. In the current study, sexual dimorphismin
the wing shape and size of carob moth on four hosts (pomegranate, fig, pistachio and walnut) were
detected using landmark- based geometric morphometric and analys's of partial warp scores and centroid
szes. The analys s showed s gnificant wing shape differences (fore wing: P = 1.315E-011, hind wing: P =
1.168E-007) which was the same on all tested hosts. Geometric changesin the fore and hind wing of both
sexes were illustrated. Analyses of sze showed wings of the females are bigger than those of the males
(fore wing: F = 23.19, P = 0.000; hind wing: F = 16.73, P = 0.000) on tested hosts and in spite of
allometric growth in test specimens, significant shape differencesare still remain in constant size.
Key words: sexual dimorphism, carob moth, Ectomyeloi s ceratoniae, geometric morphometric

e
Phycitinae .3l s> 5 5 Pyralidae .5l 5l « « Ectomyelois ceratoniae (Zeller) Ul o8 )8 £S5 sals e
3 el 5l ol g2l 5 5 Sla iz 5o o3Il 5 (S0 SNl sy dIs gl s 55z o8 ke o )ls Gl
el Gl 53 el S 1S Gy 2550 54055 02 0556 M i s s sl opl slasl o s
Sheslizal L 52,8 5wy il QUL OL s Sl 5, JUI o818 0 8 (gily 2 I IS 5 5100 s puir S350
G sl oo 5 w5 s (23 8 3 5,5 CONtroid sizes  partial Warps sJUT 5 s S 2o s
ieie JU P = L315E-011 ;5 - JUL) sls olzs | esle 5 5 slaaslyy JU S8 3 Jls e Gl 592
M s L3 o Ol G 0 Siole3T 3550 (SO sme (555 31,31 53 GVl ol &S A3 <l 5 (P = 1.168E-007
Slosle 331 a8 als OLE Il o3l by pe (sla) S sl plll s 028 s asle 5 5 Wl IS8 i
F=16.73 e JU P =0.000 F=23.19 ;; 1> JL) diwn Jl3, 05 o Lo 5 s o (5,555 5 JU (o310
O (Sl Ay sy o e 5 anBls sy il (SLa0L s (555 SaCarer L3 SMl ol (P = 0.000
Al s Bl Olaman ol o3Il o U IS ls sne

ks S e b e [Ectomyelois ceratoniag, Ul oSS o S (suils i JSCE 5 (g dS 083

Introduction

Sexual dimorphism is defined as the systematic difference in form between individuals
of different sexes in the same species (Wikipedia contributors, 2006). Male and female
differences have been studied extensively in several aspects such as physiological
(Yurkiewicz, 1969; Porco et al., 2004), biochemical, movement (Krasnov et al., 2003),
morphologica and other traits. Most animal species exhibit phenotypic (size and shape)
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differences between males and females. Sexual dimorphism in size (SSD) has attracted the
attentions of numerous biologists after Darwin (1871) and have been attempted to be
explained in evolutionary biology (Webster, 1997). In insects, females are often larger than
males. It is thought that the reason lies in the huge number of eggs that insects lay. A larger
body size enables a female insect to lay more eggs (Wikipedia contributors, 2006). Longer
lifespan is another advantage of large size; females live longer than males in most animals.
Gender differences in lifespan and mortality rates have been recorded in two seed beetle
species (Fox et al., 2003). Color, development of some parts of the body such as horns in
beetles (Emlenet al., 2005), presence of sting in bees, the size of eyes (Land, 1989, 1990) and
morphologic differences in some instars (Cook et al., 2000) are some other sex specific
differences.

Sexual dimorphism is frequently observed in Lepidoptera such as colour in Lycaenidae,
elaboration of feelers bearing numerous sensory nerve endings, presence of scent-producing
glands in Danaidae and even lack of wings in females in some species of Lymantriidae
(Anonymous, 2004). Sexual dimorphism in wing patterns was recorded in some L epidoptera
(Yenet al., 2004; Yenet al., 2005). Frenulum in the hind wing shows a common difference in
sexes in some L epidoptera.

Sexual dimorphism in size and shape has not been reported in the carob moth,
Ectomyel oi s ceratoniae (Zeller). Even the number of bristles in frenulum is the same (one) in
both; as in other Phycitinae (Munroe & Solis, 1999). In this study, wing shape and size
differences were detected in the male and female of the carob moth, using landmark-based
geometric morphometric and analyses of partial warps and centroid sizes.

Geometric morphometrics is a relatively new method that allows better assessment of
morphologic characteristics (Pretorius et al., 2006). This method has been used to show
sexual dimorphism in mammals (Hood, 2000), turtles (Valenzuela et al., 2004), leaf beetle
Neochlamisus bebbianae (Brown) (Adams & Funk, 1997), true bug Panstrongylus
geniculatus (Latreille) (Jaramillo, 2002) etc.

M aterials and methods

Preparing specimens for study: larvae of specimens were collected from infected fruits
(pomegranate, pistachio, fig and walnut) and then reared to adulthood in the laboratory.
Tested groups associated on any host, including male and female were collected in a same

geographic region. In order to eliminate some limitations in further analyses, the number of



Journal of Entomological Society of Iran, 2007, 26 (2) 63

specimens in any tested groups was chosen more than 2P-4 (which is equal to the number of
elements of W matrix where P is the number of landmarks (Zelditch et al., 2004) (table 1).
Wing slides were prepared and captured by a dissecting microscope and a CCD video camera.

Table 1. Host plants, the number of any sex and codes for tested groups of the carob moth

populations.
Host plant Sex and number of Sex and number of Code
the forewing the hind wing (sex, host plant)

Pistachio Female, 17 Female, 14 f, Pi
Male, 17 Male, 14 m, Pi

Fig Female, 17 Female, 14 f,H
Male, 17 Male, 14 m, Fi

Pomegranate Female, 17 Female, 14 f, Po
Male, 17 Male, 14 m, Po

Walnut Female, 17 Female, 14 f, Wa
Male, 17 Male, 14 m, Wa

Geometric morphometric analysis: ten landmarks on the fore wing and seven landmarks
on the hind wing were selected (fig. 1) and their Cartesian coordinates were digitized by
tpsDig (Rohlf, 2003a). Landmark data have some information such as orientation, rotation
and scale of any specimen. The non-shape information was held constant mathematically to
remove non-shape variation (Rholf & Slice, 1990). Then all specimens were superimposed
using generalized procrustes analysis (GPA), so that all homologous landmarks were located
as close as possible (Rohlf & Slice, 1990). Points provided by aligned specimens were
projected to tangent space of Kendall shape space (Kendall, 1984; Rohlf, 1999; Slice, 2001),
therefore distances between specimens approximate the procrustes distance between the
corresponding pairs of landmark configurations (Adams et al., 2004). Then shape variables of
geometric morphometric (partial warp scores) were generated by thin-plate spline equation
(Bookstein, 1991). Such variables provide a quantification of overall shape that canbe used in
conventional statistical analysis, and preserve the geometry of anatomical structure, aswell as
present mean forms, shape attends and its covariation with other variables (Adams & Rohlf,
2000). Uniform components, which describe shape changes such as infinitive scale stretching
or compression (Bookstein, 1996; Rohlf & Bookstein, 2003), were calculated by uniform
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equation (Bookstein, 1989, 1991, 1996). Inthis study, uniform components of shape variation
were appended as additional columns (U1 and U2) in the matrix of partial warps (W matrix)
suggested by Rohlf et al. (1996). Centroid sizes (the square root of the sum of squared
distance of set of landmark from the centre of gravity or the square root of the sum of the
variances of the landmarks about that centroid in x and y-directions) as a size measure of any
specimen (Slice et al., 1996) were calculated and used as variables in univariate statistical
analysis for comparing the wing size of specimens (Adams & Funk, 1997). The above
analyses were performed by tpsRelw (Rohlf, 2003b). Sexual dimorphism in wing shape could
be shown graphically by tpsRegr (Rohlf, 2000).

Xl

Figure 1. Landmarks used on the fore and hind wings of E. ceratoniae. Terminology follows

[

that of Borror et al. (1989).
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Statistical analysis: two-way MANOV As were designed for both fore and hind wings to
detect any significant wing shape differences among sexes and test populations and their
interaction. Sexual dimorphism in size was detected by comparing centroid sizes of female
and male associated with any host plant together and separately. Then regressions of variables
of shape on variables of size and a MANCOVA were designed to detect any allometric
growth and separate allometric trajectories. Statistical analyses were performed using
NTSY S-pc (Rohlf, 1998) and MINITAB (Minitab Inc., 2000).

Results

According to the results of two-way MANOVA (table 2), there was a significant
difference in the wing shape of the two sexes of carob moth. Since the interaction term is not
significant, therefore the sexual dimorphism isthe same in all tested host plants.

Table 2. Two-way MANOVA on Wmatrix of host plant associated populations of E.
ceratoniaein Iran.

Wing Source Wilks' Lambda Prob.
Host plant 0.21603252 1.474E-022**
Fore wing Sex 0.58319883 1.315E-011**
Interaction 0.67893928 0.6401
Host plant 0.22697036 3.203E-022**
Hind wing Sex 0.67635244 1.168E-007**
Interaction 0.72413700 0.4348

** Gignificant at P < 0.01

Wings in females are wider than those in males, veins M2 and M3 in the fore wing are
longer in females and landmark 1 and landmark 3 in the hind wing are closer to each other
than those in males. There are some other changes in the position of other landmarks as
shown infigure 2.

Size comparisons showed significant differences between wing size of female and male
(fore wing: F = 23.19, P = 0.000; hind wing: F = 16.73, P = 0.000). Similar comparisons of
wing size between sexes on different host plants separately showed larger sizes of female than
male inany host plant (fig. 3).
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Fore wing, female Fore wing, male

Hind wing, female Hind wing, male

Figure 2. Predicted shape differences of fore and hind wings in the female and male of E.

ceratoniae on test host plants.
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Figure 3. Comparison of size in host plant associated populations in the both sexes of E.

ceratoniae in Iran. See table 1 for codes.
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Allometric analysis showed allometric growth among female and male individuals (table
3a). Allometric slopes in female and male populations did not vary significantly (table 3b) but
there were still significant differences between shapes of wings when size was held constant
(table 3c). Therefore, the wing shape of females and males vary in parallel and separate

allometric trajectories.

Table 3. Allometry significant tests: allometric growth (@), comparing alometric slope (b)
and comparing shape in constant size (c) in the female and male of E. ceratoniae.
@ (@ (b) (b) () (©
Wing Wilks Prob. Wilks Prob. Wilks Prob.
Lambda Lambda Lambda
Forewing  0.27992978 2.257E-034**  0.88027012 0.2144 0.64168668  8.501E-009**
Hindwing 0.37518052 4.586E-023**  0.85554500 0.0255 0.73857483  1.722E-005**

** Gignificant at P < 0.01

Discussion

In the most of the dioecious animal species, females and males have different sizes. In
fact, the body size of males and females is determined by forces acting for survival and
reproduction (Arak, 1988). Sexual dimorphism in size and shape has not ever been recorded
in E. ceratoniae previously. Our analysis showed that females of E. ceratoniae have larger
wing size than that of the males. Larger wing size in females may be the result of larger body
size. The phenomenon of larger body size is commonly observed in arthropods e.g. dung fly
(Kraushaar & Blanckenhorn, 2001), vinegar fly (Harisson & Cooper, 2003), some seed
beetles (Fox et al., 2003), true bug giant water strider (Tseng & Rowe, 1999), a whitefly
Bemisia afer (Priesner & Hosny) (Maruthi et al., 2004) and most spider species (Schneider &
Lubin, 1998). There are logical basis in evolutionary terms to sexual dimorphism based on
size. The female is the originator and in some cases, protector of the next generation of the
species; so her functions are likely to be carried out more efficiently by alarger size (Preston-
Mafham & Preston-Mafham, 1989). According to the results shownin figure 3, thewing sizes
of females on any host are larger than those of the males on the same host but there are
overlaps between different sex individuals on different hosts, which may occur because of
different nutrition during larval feeding. Maruthi et al. (2004) believed in spite of a singificant
difference between the body size of male and female of B. afer, overlaps in their body sizes,

however, makes sex assignment based on size alone unreliable.
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Our geometric morphometric analyses in the current study showed significant wing
shape sexual differnecesin E. ceratoniae graphically (fig. 2). Wing shape sexual dimorphism
is a common feature in several insect species. The phenomenon of brachyptery or wing
reduction is a well known example in this criterion. Although Haas & Tolley (1998) did not
find any substantial sexual dimorphism in the wing size and shape of Drosophila lummei
Hackman (Dip.: Drosophilidae), there are various records which show sexual dimorphism in
appearance of wings in insects such as wing patterns in zygaenids (Yen et al., 2005), a
pyraloid, the genus Austromusotima Yen & Solis (Lep.: Crambidae) (Yen et al., 2004) and
colour pattern in Libellulidae (Borror et al., 1989). Kunkel & Bettencourt (2001) showed a
significant wing shape difference in the male and female of Drosophila melanogaster Meigen
(Dip.: Drosophilidae), and it was also shownin Chilo suppressalis (Walker) (Lep.: Pyralidae)
by Zahiri et al. (2004). The function and origin of secondary sexual differences including the
role of sexual selection are not clear, especially among the invertebrates (Adams &
Greenwood, 1983). McLechlan (1986) referred to the wing shape sexual dimorphism in
Chironomus imicola Kieffer (Dip.: Chironomidae) and believe due to different roles of adult
males and females, flight might be expected to be sexually dimorphic in this species.
According to our two way MANOVA, sexua dimorphism in the wing shape of carob moth is
the same in individuals on the four tested hosts. Sarafrazi et al. (2004) showed sexual
dimorphism in Eurygaster integriceps Puton (Hem.: Scutelleridae) on wheat while there was
not such difference in the same species on barley. Gilchrist et al. (2000) showed constant
gender related shape differences of wing shape among populations of D. melanogaster and
suggested that the gender differences represent a developmental constraint on wing shape
which can also be true in carob moth populations. Further multivariate analyses in this study
showed different and parallel allometric trajectories for males and females. It can be
concluded that environmental conditions such as different larva nutrition may cause different
degrees of growth in adults of the carob moth and produce large males or small females in
different hosts, but there are still significant difference in the wing shape of males and
females. Hence, the male and female groups with the same wing size have still significant

different wing shapes.

Acknowledgments
The authors appreciate the assistance of colleagues in local centres of Agriculture and

Natural Resources Research and The Plant Protection Organization particularly H. Ahmadian



Journal of Entomological Society of Iran, 2007, 26 (2) 69

for providing trip facilities. We thank Dr. J. Rholf (USA), Dr. J. Kunkel (USA),
Dr. D. Slice (Austria) and Dr. Adams (USA) for valuable technical advices
(http://life.bio.sunysb.edu/morph/). We also thank A. Ariana for useful suggestions in using
softwares and J. Kulberg in Helsinki museum (Finland) for confirming species identifications.

This research was supported financially by the Iranian Research Institute of Plant Protection.

References

Adams, D. C. & Funk, D. J. (1997) Morphometric inferences on sibling species and sexual
dimorphism in Neochlamisus bebbianae leaf beetles: multivariate applications of the
thin-plate spline. Systematic Biology 46(1), 180-194.

Adams, D. C. & Ralf, F. J. (2000) Ecological character displacement in plethodon:
biomechanical differences found from a geometric morphometric study. Proceedings
of the National Academy of Sciences of the United States of America 97(8), 4106-
4111.

Adams, D. C., Rohlf, F. J. & Slice, D. E. (2004) Geometric morphometrics: ten years of
progress following the ‘revolution’. Italian Journal of Zoology 71, 5-16.

Adams, J. & Grrenwood, P. J. (1993) Why are males bigger than femalesin precopula pairs
of Gammarus pulex. Behavioral Ecology and Sociobiology 13, 239-241.

Anonymous (2004) "Lepidoptera’ LoveToKnow 1911 online encyclopaedia. LoveToKnow.
Available on: http://14.1911encyclopedia.org/L/LE/LEPID OPTERA.htm (accessed 26
April 2006).

Arak, A. (1988) Sexua dimorphism in body size: a model and a test. Evolution 42(4), 820-
825.

Bookstein, F. L. (1989) Principal warps. thin-plate splines and the decomposition of
deformations. | EEE Transactions on Pattern Analysis and Machine Intelligence 11(6),
567-585.

Bookstein, F. L. (1991) Morphometric tools for landmark data, geometry and Biology. 455
pp. Cambridge University Press.

Bookstein, F. L. (1996) A standard formulafor the uniform shape component. pp. 153-168 in
Marcus, L. F., Corti, M., Loy, A., Naylor, G. & Slice, D. (Eds) Advances in
Morphometrics. 620 pp. Plenum Press.

Borror, D. J., Triplehorn, C. A. & Johnson, N. F. (1989) An introduction to study of
insects. 6™ ed. 875pp. Saunders College publishing.


http://14.1911encyclopedia.org/L/LE/LEPIDOPTERA.htm

70 Mozaffarian et al.: Sexual dimorphism in the wing shape and size of ...

Cook, L. G., Gullan, P. J. & Stewart, A. C. (2000) First-instar morphology and sexual
dimorphism in the gall-inducing scale insect Apiomorpha Riibsaamen (Hemiptera:
Coccoidea: Eriococcidae). Journal of National History 34, 879-894.

Darwin, C. (1871) The descent of man and selection in relation to sex. 528 pp. John Murray,
London.

Emlen, D. G., Hunt, J. & Simmons, L. W. (2005) Evolution of sexual dimorphism and male
dimorphism in the expression of beetle horns: phylogenetic evidence for modularity,
evolutionary lability, and constraint. American Naturalist 166, S42-S68.

Fox, C. W., Dublin, L & Padllitt, S. J. (2003) Gender differences in lifespan and mortality
rates in two seed beetle species. Functional Ecology 17, 619-626.

Gilchrist, A. S, Azevedo, R. B. R., Partridge, L. & O'higgins, P. (2000) Adaptation and
constraint in the evolution of Drosophila melanogaster wing shape. Evolution and
Development 2(2), 114-124.

Haas, H. L. & Tolley, K. A. (1998) Geographic variation of wing morphology in three
Eurasian populations of the fruit fly, Drosophila lummei. Journal of Zoology 245,
197-203.

Harrison, D. A & Cooper, R. L. (2003) Characterization of development, behavior and
neuromuscular physiology in the phorid fly, Megaselia scalaris. Comparative
Biochemistry and Physiology 136, 427-439.

Hood, C. S. (2000) Geometric morphometric approaches to the study of sexual size
dimorphism in mammals. Hystrix 11(1), 77-90.

Jaramillo, N. O, Castillo, D. & Walff, M. E. (2002) Geometric morphometric differences
between Panstrongylus genicul atus from field and laboratory. Memérias do Instituto
Oswaldo Cruz 97(5), 667-673.

Kendall, D. G. (1984) Shape-manifolds, procrustean metrics and complex projective spaces.
Bulletin of the London Mathematics Society 16, 81-121.

Krasnov, B. R., Burdelov, S. A., Khokhlova, I. S. & Burdelova, N. V. (2003) Sexual size
dimorphism, morphological traits and jump performance in seven species of desert
fleas (Siphonaptera). Journal of Zoology of London 261, 181-189.

Kraushaar, U. & Blanckenhorn, W. U. (2001) Population variation in sexual selection and
its effect on size alometry in two dung fly species with contrasting sexual size
dimorphism. Evolution 56(2), 307-321.



Journal of Entomological Society of Iran, 2007, 26 (2) 71

Kunkel, J. & Bettencourt, B. R. (2001) Transformer-2 cortrols subtle sexually dimorphic
features in Drosophila melanogaster wing development. Available on:
http://ber c.bio.umass.edu/flyclub/kunkel/kb (accessed 17 May 2003).

Land, M. F. (1989) Variations in the structure and design of compound eyes. pp. 90-111 in
Stavenga, D. G. & Hardie, R. C. (Eds) Facets of Vision. 454 pp. Springer-V erlag.

Land, M. F. (1990) The design of compound eyes. pp. 55-64 in Blakemore, C. (Ed.) Vision:
coding and efficiency. 448 pp. Cambridge University Press.

Maruthi, M. N., Navaneethan, S., Colvin, J. & Hillocks, R. J. (2004) Bionomics,
morphometrics and molecular characterization of a cassava Bemisia afer (Priesner &
Hosny) population. International Journal of Tropical Insect Science 24(4), 323-329.

M cL echlan, A. J. (1986) Sexual dimorphism in midges: strategies for flight in the rain-pool
dweller Chironomusimicola (Diptera: Chironomidae). Journal of Animal Ecology 55,
261-267.

Minitab Inc. (2000) MINITAB ver.13.20. Statistical software.

Munroe, E. & Solis, M. A. (1999) The Pyraloidea. pp. 233-256 in Kristensen, N. P. (Ed.)
Handbook of zoology. Lepidoptera, moth and butterflies. Vol. 1, 491 pp. Walter de
Gruyter.

Porco, D., Deharveng, L. & Gers, Ch. (2004) Sexual discrimination with cuticular lipids in
Schoettella  ununguiculata (Tullberg, 1869) (Collembola: Hypogastruridae).
Pedobiologia 48, 581-583.

Preston-M afham, R. & Preston-Mafham, K. (1989) Spiders of the world. 191 pp.
Blandford Press, Ltd.

Pretorius, E., Steyn, M. & Scholtz, Y. (2006) Investigation into the usability of geometric
morphometric analysis in assessment of sexual dimorphism. American Journal of
Physical Anthropology 129(1), 64-70.

Rholf, F. J. & Slice, D. E. (1990) Extensions of the procrustes method for the optimal
superimposition of landmarks. Systematic Zoology 39, 40-59.

Rohlf, F. J. (1998) NTSY Spc, version 2.02g. Exter software, Applied Biosystematics Inc.

Rohlf, F. J. (1999) Shape statistics: procrustes superimpositions and tangent spaces. Journal
of Classification 16,197-223.

Rohlf, F. J. (2000) TpsRegr, version 1.26. Software, Department of Ecology and Evolution,
State University of New Y ork, Stony Brook, NY 11794-5245.


http://bcrc.bio.umass.edu/flyclub/kunkel/kb

72 Mozaffarian et al.: Sexual dimorphism in the wing shape and size of ...

Rohlf, F. J. (2003a) TpsDig, version 1.39. Software, Department of Ecology and Evolution,
State University of New Y ork, Stony Brook, NY 11794-5245.

Rohlf, F. J. (2003b) TpsRelw, version 1.35. Software, Department of Ecology and Evolution,
State University of New Y ork, Stony Brook, NY 11794-5245.

Rohlf, F. J. & Bookstein, F. L. (2003) Computing the uniform component of shape
variation. Systematic Biology 52, 66-69.

Rohlf, F. J., Loy, A. & Corti, M. (1996) Morphometric analysis of old world Talpidae
(Mammalia, Insectivora) using partial-warp scores. Systematic Biology 45, 344-362.

Sarafraz, A., Loxdale, H. D., Hemingway, J., Abdollahi, G. & Murray, D. A. (2004) Host
plant associated variation and sexual dimorphism in size and shape in Iranian
geographic populations of sunn pest, Eurygaster integriceps Puton. Proceeding of
second International Conference on Sunn Pest, ICARDA, Aleppo, Syria, pp.18.

Schneider, J. M. & Lubin, Y. (1998) Intersexual conflict in spiders. Oikos 83, 496-506.

Slice, D. E. (2001) Landmark coordinates aligned by procrustes analysis do not lie in
Kendall’s shape space. Systematic Biology 50, 141-149.

Slice, D. E., Bookatein, F. L., Marcus, L. F. & Rohlf, F. J. (1996) Glossary for geometric
morphometrics. Available on: http://life.bio.sunysb.edu/morph (accessed 25 April
2002).

Tseng, M. & Rowe, L. (1999) Sexua dimorphism and allometry in the giant water strider
Gigantometra gigas. Canadian Journal of Zoology 77, 923-929.

Valenzuela, N., Adams, D. C., Bowden, R. M. & Gauger, A. C. (2004) Geometric
morphometric sex estimation for hatchling turtles: a powerful aternative for detecting
subtle sexual shape dimorphism. Copeia 4, 735-742.

Webster, M. S. (1997) Extreme sexual size dimorphism, sexual selection and the foraging
ecology of Montezuma oropendolas. The Auk 114(4), 570-580.

Wikipedia contributors (2006) Wikipedia, the free encyclopedia. Available on:
http://en.wikipedia.org/wiki/Main_Page (accessed 26 April 2006).

Yen, S. H., Robinson, G. S. & Quicke, D. L. J. (2005) The phylogenetic relationships of
Chalcosiinae (Lepidoptera, Zygaenoidea, Zygaenidae). Zoological Journal of the
Linnean Society 143(2), 161-341.

Yen, S. H., Solis, N. A. & Goolsby, J. A. (2004) Austromusotima, a New M usotimine Genus
(Lepidoptera: Crambidae) Feeding on Old World Climbing Fern, Lygodium


http://life.bio.sunysb.edu/morph
http://en.wikipedia.org/wiki/Main_Page

Journal of Entomological Society of Iran, 2007, 26 (2) 73

microphyllum (Schizaeaceae). Annal s of the Entomol ogical Society of America 97(3),
397-410.

Yurkiewicz, W. J. (1969) Sexua dimorphism in neutral lipid metabolism in the Indian-meal
moth, Plodia interpunctella (Hubner). Ohio Journal of Science 69(2), 70.

Zahiri, R., Salehi, L., Sarafraz, A., Alinia, F., Hajizadeh, J. & Kunkel, J. (2004) A
geometric morphometric study on the bisexual dimorphism on wing shape of rice stem
borer, Chilo suppressalis Walker (Lep.: Pyralidae). Proceeding of the 16" Iranian
Plant Protection Congress, Vol. |, Pests, 133.

Zelditch, M. L., Swiderski, D. L., Sheets, H. D., Fink, W. L. (2004) Geometric

morphometrics for biologists: a primer. 443 pp. Elsevier Academic Press.

Received: 1 May 2006
Accepted: 6 February 2007



