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Abstract

It is much harder and less effective to manage pest if their identities are unknown. The rice black bug
(RBB), Scotinophara spp., is an epitome of such pest. It is said to attack rice at all stages of the plant’s
development causing reduced yield in many farms in the Philippines. However, questions abound regarding
its identity because of the immense morphological diversity its population’s exhibit, even in traits that are
traditionally believed to be stable such as the genitalia. As a case study, samples of RBB from two locations
in Lanao del Norte, Philippines were examined and tested for variability in genital shapes using the method
of Geometric Morphometric. The findings show that among females, 55% of the variation is related to
asymmetrical differences the left and right sides of the genital plates. While among males, 32.5% is acrued
to differences in the concavity of the gentalia. Data show continuous shape variation within each sex of RBB,
which open up a lot of questions regarding the utility of the genitalia as diagnostic character in species
delimitation. Traditionally, reproductive characters are used as bases in splitting or lumping species.
However, due to its continuous nature and the wide extent of variation it manifests even within species, the

genitalia may be used with caution in delimiting species boundaries.
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Introduction

The Rice black bug (RBB), Scotinophara spp., is of
recent interest to entomologists and rice researchers
in the Philippines as it appears to be a complex
species whose component taxonomic groups may or
may not actually be pest of rice. Close examination of
these organisms reveal various morphotypes, which
were describerd as either color morphs, varieties,
ecotypes, or separate species depending on the tools
used to delineate taxonomic boundaries. There are
various hypotheses regarding the origin of RBB in the
country, however, they were not known to the local
scientific community until their first discovery in
Bonobono, Bataraza Southern Palawan (Miyamoto et
al., 1983). Fears abound regarding its ability to infest

vast fields of rice farms (de Sagun et al., 1991).

There are various ways to establish the taxonomic
placements of populations of RBB that differ in
certain morphological characters. One of it is to test
for variations in the shape of the genitalia, which
traditionally are believed to be stable for a particular
species. There is however a caveat to this claim of
genital stability as morphological variations in this
trait has been documented especially among animals

(Eberhard, 1985; Hosken and Stockley, 2004).

In 2007 for example, by observing external

morphological characteristics, de Frietas and
Hermanson showed the existence of wide intra- and
inter-population variation in the genitalia among

animals (de Frietas and Hermanson, 2007).

While variation in the genital shapes is widespread
even within species, it is nonetheless still important to
document such. In the recent years, quantitative
analyses of shapes of the genitalia and other
biological structures have been possible because of
the advent of Geometric Morphometrics (Rolly,
2012). The advantage of using GM is that aside from
quantitatively describing shape differences, it also
permits visual interpretration of reconstructed
images of the biological structure through Thin-plate

spline grids (Adams et al., 2013).

Mindful of the above, the approach of GM was used in
this study to describe differences in the shapes of the
genital plates within and between two populations of
rice black bugs from Tominobo, Iligan City and

Matampay, Lanao del Norte.

This study is part of many years of research in an
attempt to mine and map data on RBB characteristics
in the hope of resolving ecological and taxonomic
questions regarding the organism’s real identity and
nature. Using GM, this study aimed at describing
patterns of genital shape variation in two populations
of RBB from Iligan City and Matampay, both from
Lanao del Norte, Philippines. This study specifically
aims to: (1) Utilize landmark-based GM to harvest
Cartesian coordinates of landmark points in an
attempt to capture the shapes of the RBB genitalia;
(2) Employ multivariate methods of analyses on
harvested Cartesian coordinates to determin intra-
and inter-population variation in genital shapes; (3)
and reconstruct images of the genital plates using
Thin-plate spline grids to allow visual interpretation

of shape differences.

Materials and methods

The structure and content of this paper follows the
general outline in geometric morphometric studies,
starting from the collection of RBB and preparation of
genitalia, harvesting of landmark data and extracting
Cartesian coordinates, multivariate analyses and

visual reconstruction via Thin plate spline grids.

Collection and sample preparation.

A total of 114 samples were examined in this study, 67
of which were collected from Matampay in Lanao del
Norte and 47 from Tominobo, Iligan City (Fig. 1). Sex
disaggregated data shows that among the RBB from
Matampay, 42 were females while 24 were males. For
Iligan samples, the ratios between sexes were roughly
equal at 24 females and 23 males. All these samples
were handpicked from the bases of the rice plants,
were the RBBs were seen to cluster together. In the
interest of preserving the samples, the RBBs were

placed in containers with fixed in 70% ethanol.
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Fig. 1. Geographic positions of the two sampling sites, namely Tominobo, Iligan City and Matampay, Philippines.

Map sourced online from www.google.com.ph.

Image acquisition and selection of landmark points
Images of the genital plates from both sexes were
taken using a digital camera. Close examination of the
genitalia reveals a degree of sexual dimorphism in
shape. Among female RBBs, the genital plates possess
triangular protruding warts, which are located in the
interior tip of the abdomen. For male RBBs, the
samples have saddle-shaped abdominal tips located
anterior of the body. Because of the shape differences
in genital shapes, more landmarks were collected for
females (17). For males, only 16 landmarks were
assigned around the biological structure (Fig. 2).

Digitization of landmarks and harvesting

of
Cartesian Coordinates

Manual dissections of the genital plates were done to
separate the structure from the rest of the body parts.
Then, photographs of the genitalia were taken using a
DSLR camera. These images were then loaded to

tpsUtil ver.1.74 to produce tps files.

The tpsDig version 2 was then used to process the
resultant tps images, and subsequently utilized as
platform to manually locate landmarks and harvest
the Cartesian coordinates (Bookstein, 1991; Rohf
2004).

Data analyses

Relative warp analysis was applied to the Cartesian
coordinate using the tps.Relw software (Rohlf and
Slice, 1990). With the aid of this software, it was
possible to generate relative warp scores (RW scores)
through a generalized least squares Procrustes fitting.
These RW scores were then used as morphometric
variables for descriptive and multivariate analysis
using the PAST software (Hammer et al., 2009). For
the descriptive analysis, the RW scores were
summarized using box-and-whisker plots constructed
to visually compare the shape parameters between
the two populations. Thin plate spline grids were then
crafted to aid in explaining shape differences. For
multivariate analyses, the Canonical Variate Analysis
(CVA) was employed to to test for significant
differences in the relative warp scores between the

two populations (Adams et al., 2004).

Results and discussion
Visual inspection of the thin-plate spline grids show
that the patterns of shape variation between the two

populations differ between sexes (Fig. 3 & 4).
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Fig. 2. The figure shows the male and female genital plates, a male showing a saddle-shaped abdominal tip and

triangular warts for female and their land marking in which female has 17 landmark points and male has 16

landmark points.
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Among females, the genital plates appear to be
asymmetrical. In fact, asymmetry in this character
contributes to a little more than 50% of the shape
variance. Aside from this, the Iligan and Matampay

populations also seem to differ in the direction of the

genitalic plate’s asymmetry (RW1 of Fig. 3).
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Fig. 3. Box-and-whisker plots of relative warp scores
showing differences in shape parameters between two

populations of female Rice Black Bugs from Iligan

and Matampay.

Fig. 4. Box-and-whisker plots of relative warp scores
showing differences in shape parameters between two
populations of male Rice Black Bugs from Iligan and

Matampay.
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For females, what is more evident is the shape
differences in the anterior margins rather than the
posterior one (19.25%), which also scores low among

males (8.76%). Further asymmetries in the shapes of

the lateral margins can also be seen among females
and males which contributes to 6.15% and 8.74% to
the total variance respectively (RW4 of Fig.3; RW4 of
Fig. 4).
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Fig. 5. Ordination plot produced through Canonical Variate Analysis of Relative Warp scores showing minimal

overlap in the shape parameters between the two populations of Rice Black Bugs from Iligan (red) and Matampay

(blue) in both sexes.

The ordination plot in Fig. 5 produced via CVA of the
RW scores reveal that when all the relative warps
were analyzed altogether, differences in the shape
parameters between populations can be seen. This
interpolation differences in not unique as this has
also been documented in previous studies using
similar multivariate methods that utilize techniques
that mine patterns in data of high dimension (Smith,

2002).

The importance of this result is anchored in the
notion that the genitalia is one of the most important
character in the life cycle of sexually reproducing
organisms. Aside from its function in procreation, the
genitalia also serve as mechanical barrier to inter-
species sex. Thus, it is vital to maintaining cohesion
among members of a particular taxon. This school of
thought of inflexible genitalia for a given species is
however slowly being challenged as studies have
come to show that even within species, the shapes

and sizes of this structure can vary widely.

There are alternative explanations to the above
observed variation. For some taxonomic groups,
conspicuous differences in male and female genitalia
may reveal episodes of rapid, divergent evolution
within phylogenetic branches (Hedin, 1997). At the
micro level, genetic variations accompany differences
in the appearance of the genitalia among populations
(Feuk et al., 2006).

According to Eberhard (1985), the species-specific
diagnosibility of male genitalia in most species
reflects both the rate and extent to which organisms
diverge. In this context, any structure as consistently
useful as a taxonomic character such as the genitalia
must evolve rapidly, as this divergence is inextricably
coupled with speciation. For mating systems in which
fertilization is internal, the male genitalia likely serve
a stimulatory role during copulation, and thus
undergo strong sexual selection through female
choice (Eberhard 1985; Arnqvistet al. 1997; Markow

2002; Masta and Maddison 2002).

21 | Lagrada et al.



J. Bio. Env. Sci. | 2018

Conclusion

This study utilized the geometric morphometric
method of landmark-based analysis to detect
disparity in genitalic shapes between two populations
of Rice Black Bugs, Scotinophara spp. from Iligan
and Matampay in Lanao del Norte, Philippines.
Results showed continuous variation in the shapes of
the genitalia, be it from among the male or female
samples. Notable findings include the fact that
asymmetry in the genitalia among females constitute
more than 50% of the variance. For males, the
genitalia vary in terms of the extent of concavity of
the outer margins, particularly of the posterior sides.
The occurrence of variation in the shapes of the
genitalia in RBB may open a lot of questions
regarding the utility of reproductive characters in
delineating species boundaries. While there is a
dearth of research on RBBs in Mindanao, it is
recommended that a total evidence approach be used
to harvest and collate various kinds of data to have a
comprehensive understanding of the true nature of
this organism. Unless we be able to establish whether
morphotypes represent only ecotypes or sibling
species already, effective management of this RBB

remains to be a remote possibility.

References

Arnqvist G. 1997. The evolution of animal genitalia:
distinguishing between hypotheses by single species
studies. Biological Journal of the Linnean Society 60,
365-379.
https://doi.org/10.1111/j.1095-8312.1997.tb01501.

Adams DC, Rohlf FJ, Slice DE. 2004. Geometric
morphometrics: ten years of progress following the
‘revolution’. Italian Journal of Zoology 71, 5-16.

https://doi.org/10.1080/11250000409356545

Anderson MJ. 2001. A new method for non-
parametric multivariate analysis of variance. Austral
Ecology 26, 32-46.
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.X

Barrion AT, Joshi RC, Dupo AB, Sebastian LS.
Black Bug,
Scotinophora Stal (Hemiptera: Pentatomidae). In:
Rice Black Bugs:

Management of Invasive Species. Joshi et al. (eds.), p

2007. Systematics of the Rice

Taxonomy, Ecology, and

3180.

Bookstein FL. 1991. Morphometric tools for
landmark data: geometry and biology Cambridge
United Kingdom.
https://doi.org/10.1002/bimj.4710350416

University Press, London,

Bookstein FL. 1996. Combining the tools of
geometric morphometric, p 131— 15 in L.F. Marcus,
M. Corti, A. Loy, G.J.P. Naylor, and D.E. Slice, eds.
Advances in morphometric. Plenum Press, New York.

https://doi.org/10.1007/978-1-4757-9083-2_12

Chang PM, Ito K, Nik NS, Noor M. 1991.
Migrationand  management of the Malayan black
bug, Scotinophara coarctata (Fabr.) (Heteroptera:
Pentatomidae). In: Migration and dispersal of
agricultural insects. Tsukuba National Institute of

Agro environmental Sciences, Japan, p 209-245.

Cuervo JJ, Mgller AP. 2006. Evolutionary rates of
secondary sexual and non-sexual characters among
birds. Evolutionary Ecology 13(3), 283-303.
https://doi.org/10.1023/A:1006733405877

de Freitas S, Hermanson L. 2007. Wing
morphological variation of Chrysoper laexterna
(Hagen, 1861) (Neuroptera chrysopidea) from Brazil.
Annals of Museo Civico di Storia Naturale Ferrara 8,
181-186.
https://doi.org/10.1371/journal.pone.0177414

Demayo CG, Torres MAJ, Barrion AT, Joshi
RC, Sebastian LS. 2007. Geometric Morphometric
Analysis of Variability in Rice Black Bugs. In: Rice
Black Bugs: Taxonomy, Ecology, and Management of

Invasive Species. Joshi et al.(eds.), p 231-283.

22 | Lagrada et al.


https://doi.org/10.1111/j.1095-8312.1997.tb01501
https://doi.org/10.1080/11250000409356545
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x
https://doi.org/10.1002/bimj.4710350416
https://doi.org/10.1007/978-1-4757-9083-2_12
https://doi.org/10.1023/A:1006733405877
https://doi.org/10.1371/journal.pone.0177414

J. Bio. Env. Sci. | 2018

Eberhard WG. 1985. Sexual Selection and Animal
Genitalia. Harvard University Press: Cambridge, MA,
USA.

Hedin MC. 1997. Speciational history in a diverse
clade of habitat specialized spiders (Araneae:
Nesticidae: Nesticus): inference from geographic-
based sampling. Evolution 51, 1929—-1945.

https://doi.org/10.2307/2411014

Kelly D, Jasperse J, Westbrook I. 2005.
Designing science graphs for data analysis and
& Technical Publishing
of Conservation Wellington, New

presentation, Science
Department

Zealand, p 17.

Markow TA. 2002. Perspective: Female remating,
operational sex ratio, and the arena of sexual
selection in Drosophila species. Evolution 56, 1725—

1734.
https://doi.org/10.1111/j.0014-3820.2002.th00186.x

Maddison WP. 1997. Gene trees in species trees.
Systematic Biology 46, 523—536.
https://doi.org/10.1093/sysbio/46.3.523

Masta SE, Maddison WP.2002. Sexual selection

driving  diversification in  jumping spiders.
Proceedings of the National Academy of Sciences of
the United States of America 99, 4442—4447.

https://doi.org/10.1073/pnas.072493099

Miyamoto S, Torres NA, Habibuddin BH,
Monti R, Fujimura T, Thieng P, Mochida O.
1983. Emerging problems of pests and diseases - the
blackbug in SE Asia. In:
International Rice Research Conference, IRRI, Los

Proceedings of the

banos, Laguna, Philippines.

Pigliucci M, Murren CJ, Schlichting CD. 2006.
Review: Phenotypic plasticity and evolution by
genetic assimilation. The Journal of Experimental
Biology 209, 2362-2367.
https://doi.org/10.1242/jeb.02070

Rohlf FJ. 1993. Relative warp analysis and an
example of its application to mosquito wings. In
‘Contributions to Morphometrics’.(Eds Marcus LF,
Bello E, Garcia-Valdecasas A. pp.131—-159. Museo
Nacional de Ciencia s Naturales (CSIC). Madrid,
Spain

Rohlf FJ.
Department of Ecology and Evolution, State

2001a. ‘tpsDIG32 version 1.31.
University of New York at Stony Brook: Stony Brook,

NY, USA

Rohlf FJ. 2001b. ‘tpsRelw version 1.24: analysis of
relative warps’. Department of Ecology and Evolution,
State University of NewYork at Stony Brook: Stony
Brook, NY, USA.

Rohlf FJ. 2001c. ‘tpsRegr version 1.26: Multivariate
multiple regression of shape onto independent
variables’. (Department ofEcology and Evolution,
State University of New York at Stony Brook: Stony
Brook, NY, USA.

Rohlf FJ, Slice D.

procrustes method for the optimal superimposition of

1990.Extensions of the

landmarks. Systematic Zoology 39, 40—59.
https://doi.org/10.2307/2992207

Rohlf FJ, Loy A, Corti M. 1996. Morphometric
of Old World Talpidae
Insectivora) using partial-warpscores. Systematic
Biology 45, 344—362.
https://doi.org/10.1093/sysbio/45.3.344

analysis (Mammalia,

Smith LI. 2002. A tutorial on principal components
analysis.

www.cs.otago.ac.nz

23 | Lagrada et al.


https://doi.org/10.2307/2411014
https://doi.org/10.1111/j.0014-3820.2002.tb00186.x
https://doi.org/10.1093/sysbio/46.3.523
https://doi.org/10.1073/pnas.072493099
https://doi.org/10.1242/jeb.02070
https://doi.org/10.2307/2992207
https://doi.org/10.1093/sysbio/45.3.344
http://www.cs.otago.ac.nz/

