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ABSTRACT

Describing species variation and delineation aradamental to biology and much debate exists sudimgnon
what applied approach is appropriate. Species asgltion now used separate elaborate datasets to tiyan
independently and test species criteria. However,domplexity of the speciation process has ushttreaeed to
infuse studies with new tools and techniques capablaiding in species delineation. Herewith, ateguative
approach using Correlation Analysis based on Disemwas used to circumvent the traditional morpgicial
analysis and provide a novel means of describingeatly related complex species (sibling specie®rslity using
the genus Neurothemis as a case study. Correld@tialysis based on distances proved to be useflddiyng into
the relative contribution of each trait consideréd species/group divergence and distinctivenessulie
demonstrate noted differences between female amel marphs. On one hand, females exhibited fematditeld
polymorphism which was suggested to have possimjved throughout sexual selection. On the othemdha
polymorphism being limited to males mostly playsoke in male-male competition for access to females
Differences were attributed mainly by external nimmpgical wing characters such as the fore- wirigrigle, hind
wing triangle, the radial planatdore- wing subtriangle, number of anal loop ‘salls’, hind wing supertriangle,
number of cross veins in the cubital space of thd tving (behind the median space), wing pigmeatatshape of
synthorax, shape of epiproct and shape of left @giak cerci. Here, the utilization of a number dfazacters for
species delineation proved to be effective in ustdeding variation and the nature of the Neurotrespecies
found in lligan City.

INTRODUCTION

It has been a subject of tremendous debates afbewatpplied approach to describing diversity. Wherene must
vividly distinguish the nature of these two sci@intitasks: delineating and classifying species dmel most
fundamental question of taxonomy is not how to iignspecies, but rather how to delineate them.ciyse
delineation is said to be fundamental to the discpwf life’s diversity because through it one atermine and
recognize whether or not different specimens armbses of the same cohesive lineage. Careful coratida of

species delimitation is required to support crudetisions based on accurate species identificfti@h Erroneous
species boundaries or diversity estimates may ofead to incorrect answers to such questions abotw

phylogenetic trees must be reconstructed rigoroasly analyzed critically because these are fiegppsstoward
discussing broader questions. Proponents fronerdifit disciplines raised issues as to what chasst®uld be
used to delineate organisms. It is evident thatingle individual is “typical” of the characters thfe population and

19
Scholars Research Library



Sharon Rose M. Tabuget al Euro J Zool Res, 2014, 3 (1):19-31

the continuous variation among the members of aulptipn manifests itself most conspicuously in #ne
measurements and proportions. Mean values, vagaagd coefficients for each trait are characteriefi each
population and species [3,4,5,1]. Hence, each ctaranay show a different degree of variability hirit a single
population. Similarly, there are different degreés/ariability among related species. Thus, thestjpa on what
characters to use or what characters would beistedeé species.

Apparently, the uses of morphological characteracflt specimens among others have become frequenthey
are supplemented already to an increasing extemthmsr characters [6,7]. This is particularly tfioe “difficult”
species, genera, and families in which the eviddrm® morphology has been equivocal or contradictdhe
increasing utilization of new characters is justifibecause (1) morphology reflects only part ofgaeotype and
may not reflect genetic relationship accurately,ii@rphology in certain taxa does not supply sidfit characters,
and (3) any character may be misleading becauspexial adaptations. Thus, the introduction of réwds of
systematic/taxonomic characters has been one éeafuhe so called new systematics. However, tichseacters
do not displace the use of traditional morphologiclharacters [5]. Meanwhile, the emergence of Geome
Morphometrics (GM), also known as the statisticzlgsis of shapes, somehow, became a breakthroeggube it
is a collaboration of different fields (Image Ansily, Biology, Geometry, Statistics) based on Catelandmark
coordinates. The method works by separating shape bverall size, position, and orientation of thadmark
configurations, thus the resulting Procrustes shapadinates can be used for statistical analydie powerful
visualization tools and the typically large amowifitshape variables gave rise to a specific expoyastyle of
analysis, allowing the identification and quantfion of previously unknown shape features [8,%rdivith, these
systems of identification and delineation shoultlb®seen as competing against each other or éxelumit rather
as approaches to the same goal which simply difféne characters they consider. One system oottier may be
favoured for particular cases depending on thelteegprovides, but they also can be used conatisrelt is very
likely that what will work best for identificatiowill depend on the particular species being considleeven among
closely related species.

Thereby, an integrative approach to taxonomy shaold become general. Wherein, it became necessagube
the complexity of species biology requires thatcggme boundaries be studied from multiple, completargn
perspectives [10]. Also, the level of confidencespecies supported by different kinds of data i€mmitigher than
for species supported by only one kind. A way ttate all available characters is important. Suppraach could
help solve problematic species complexes also aduiig cryptic speciation occurring in some odosaexies. But,
it is inevitable that discordant characters magat@a problem. To circumvent the issue, the utibreof a technical
approach is necessary which has the capacity tatechll available datasets thus, demonstratingptiogess of
integrative taxonomy for studies on species detinoeand variations.

In Odonata an enormous amount of variation is peewaboth in their life histories and their actigi [11].
Odonates as model organisms are of particulardstedue to the number of characters that can velatbe
considered. The wings alone are a rich source xdnamic characters. Here, a clear understandinghef
relationships among the Odonata can have far negéhiplications in Odonate biology and over thetgdsyears,
there have been many studies attempting to resbbseelationships within the Odonata [12,13,14,85,7] based
on morphological characters. In particular, theugedeurothemiss said to be a difficult genus having exhibited
notable variations even within sibling species.sThad befuddled many taxonomists where speciedbeavery
similar in terms of appearance, behaviour and atieéable characteristics [18,19]. There are nunespecies of
Libellulid dragonflies under the gentdeurothemisvhere most species are red in color and among Hresthe two
(2) most popular species found in lligan CiNeurothemis terminataRis 1911 andNeurothemis ramburiiKaup
and Brauer 1866. These two species were consigeobtematic because they showed similarities imseof color
and patterns which often lead to confusion andadiffy in identification process. Males of the sjgscare very
similar except for a few traits and the female liguexhibits female-limited polymorphism [20,21,22]. Although
there are many morphological studies that had gitednto use different characters to resolve thatioziships of
the Odonates based on wing venation [12,14,16]phwogy of the flight apparatus and copulatory cnees [15],
none have been able to come to robust conclusRerently there were also several studies condustgddonates
(Libellulidae) using cytotaxonomical method [23]yatuation based on morphological and physiochemical
characters [24], characters based on externalajienj25], and a study on the relationships of Apigera based on
mitochondrial 16S rRNA gene sequences [26]. Howetmare is a dearth of studies demonstrating tbegss of
integrative taxonomy for studies on species detinpaand variations. In this study, a new proceduhéch is a
combination of already available analytical metho&sguared Euclidean distance, geometric morphosietic
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landmark and outline based approaches and coaelamalysis based on distances were utilized t& lato
relationships of species belonging to one contsiakand difficult genus. Independent of any fohmare be should
a dependable and fast method for species delimeatiol incorporating characters from other discgdirwill
increase reliability. Herewith, morphological indeice is enhanced by providing sets of data diregtplicable to a
taxonomic problem [10,27].

A major hurdle would be a corroboration of spediesindaries via independent lines of evidence fagmsing
species [28], and it is in this perspective thattivates the investigation of a integrative appro&eh species
delimitation. This study is a simulation that wased to evaluate the accuracy of an integrative cagmbr for
delineation and understanding species variatiothergenusNeurothemisLinnaeus’s dictum: “It is the genus that
gives the characters, and not the characters th#ie the genus.” The soundest genera are based omeaall
appreciation and weighing of various consideratif#®30]. The species included in a genus usualehmany
features in common, and recognition of a higheomais generally based on the presence of a ccetklettaracter
complex, but as Darwin (1859) said “The importarafeslassification of characters, mainly dependghmir being
correlated with other several characters of moress importance, the value indeed of an aggregfatearacters is
very evident in natural history,” [31, 5].

MATERIALS AND METHODS

1. Specimen Collection, Preservation and Identifidéon

The specimens were collected from different aredigan City. A total of 12 morphotypes (8 femat®rphs and 4
male morphs) were collected belonging to tMeurothemispecies. This was done by using sweep nets fohniogtc
samples and appropriate preservation techniques amplied. The specimens were then placed in epeeléor a
while to void any intestinal contents then, weramiensed briefly in 95% acetone. Acetone extractsafat water
from specimens, and suited for better drying arldrgoreservation. The abdomens were straightenddlanlegs
were arranged in place for each specimen, suchthigagenitalia were not obscured on the second ratdd
segments of males. Specimens were then placethéfeth envelopes and submerged in acetone (in tiytiglhsed
plastic container) for 16 — 24 hours inside aihtigpecimen containers. Afterwards, the specimesrg iemoved
from the acetone and placed in the open for a fays,dby then the acetone had completely evapor8teetimens
were then taken out of the glassine envelopes tmddspermanently in clear envelopes made of cetlop, mylar
or polypropylene. The identification and collectidata were typed on 3" x 5" cards, which were iteskin the
envelopes behind the specimen. The envelopes Were dtored like a card file in cabinets [32]. IdcHtion
process was done using available taxonomic kegkl fjuides, monographs and consultation with odoeaperts
under International Dragonfly Fund [19].

2. Morphological Analysis and Phenetic Analysis

Thirty (30) individuals per morphotype (morph) wemeamined based on their morphology for a set afatters.
Adult morphological and biological characters wesglected for coding. A character is the ‘presena@’sus
‘absence’ of something (taxon, species with a paldir morphological structure) or it could be aipldescription of
the external morphology of organisms [33,34,35teExal morphological data were utilized in ordeptepare the
character state table and the character matrintal of 57 characters were used. All of the obseéclearacters were
assigned values of 0, 1,2,3 or 4... and these valse used to conduct the phenetic analysis usiagsgtal
Package Social Science (SPSS) for IBM, versionTeble 1 and 2). The characteristics of the spesi® then
equally weighted and treated unordered for quaatifbn, objectification and efficient classificatioThe names of
the species were substituted with the Operatioaabiomic Unit (OTU) code numbers in order to beahle for
computer processing. The raw data obtained wem dhganized in order to measure the similarity feetm the
OTUs. The Squared Euclidean Distance (Distance § = £(Xi — Yi)? algorithm was employed to calculate the
dissimilarity coefficient and then categorized thees with the lowest coefficient and connected therthe one
with the higher coefficient. Resulting squared aligtes values were later loaded to CORIANDIS softviar data
analysis. A total of 57 characters were used imotusf qualitative and quantitative characters 33,
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Table 1. Morphological Character Selection and Codig

CHARACTERS

1.Compound eye: (0) contact; (1) aj

. Triangle direction of forewing and hindwing: @jferent; (1) the same

Corpora incerta of compound eye: (0) curveds(ipoth

. Lobe on abdomen’s second node: (0) absentrékep

. Metallic luster on thorax: (0) absent; (1) prase

. Anal angle of hindwing: (0) projected; (1) round

. Abdomen length: (0) over 40 mm; (1) under 4(

. Hindwing length: (0) over 40 mm; (1) under 40mm

. Abdomen'’s third node: (0) not; (1) slender

10. Shape of abdomen'’s first, second, and thireeso@d) not; (1) club—shaped

11. Superior appendage, compared with inferior appgeid@) not; (1) longer

12. Back side of superior appendage: (0) bendifjgsttaight

13. Pterostigma: (0) not; (1) black

14. Yellow line on front head: (0) none; (1) 1; )

15. Two black spot patterns on frons: (0) absdntpfesent

16. A band on the brim of the upper frons: (0) alig@) straight; (2) T-shaped

17. A pattern on the whole abdomen: (0) absentpid@sent

18. Membranule: (0) small; (1) big

19. Brindle on wing: (0) absent; (1) present

20. Basal part of hindwing: (0) not; (1) transparen

21. Macrotrichium on prothorax anal margin: (0) sien(1) thin

22. White powder on abdomen: (0) absent; (1) ptt

23.The end of the wing: (0) not; (1) colored

24. Lcbe on the abdomen'’s tenth node: (0) absent; (kepl

25. Abdomen: (0) not; (1) wide and flat

26. Wide yellow band on the abdomen's second,,third fourth nodes: (0) absent; (1) present

27. Both sides of the abdomen's node: (0) notsé—toothec

28. Two yellow bands on the medithorax: (0) absgntpresent

29. Vein: (0) not; (1) black

30. Costa: (0) not; (1) bla

31.Leg: (0) not; (1) black

32. Cercus: (0) black; (1) brown; (2) white

33. Cercus length: (0) long; (1) short

34. Brace vein: (0) absent; (1) present

35. Antenodal crossvein: (0) not; (1) in line

36. Right Fore- wing triangle: (0) one cell; (1) twells; (2) three cells; (3) four cells; (4) fivellse (5) six cells;(6) seven cells; (7) eight cell
nine cells; (9) ten cells; (10) eleven cells; (Mglve cells; (12) thirteen cells

37. Left Fore- wing triangle: (0) one cell; (1) twells; (2) three cells; (3) four cells; (4) five kel(5) six cells; (6) seven cells; (7) eight cell
nine cells; (9) ten cells; (10) eleven cells; (Mglve cells; (12) thirteen cells

38. Right hindwing triangle:(0) one cell; (1)twdlsg(2) three cells; (3) four cells

39. Lefthindwing triangle:(0) one cell; (1)two cells; (2ree cells; (3) four cells

40. Right wing Radial planate: (0) one cell widE);, combination of one and two cells wide; (2) twalls wide;(3) combinationf two and three
wide. The radial planate is outlined by two londinal veins. This character has been used as eHaacter at the generic level.

41. Left wing Radial planate: (0) one cell wide) (@ombination of one and two cells wide; (2) tvedle wide;(3) combinationf two and three
wide.

42. Right fore- wing subtriangle: (0) one cell; (djp cells; (2) three cells; (3) four cells; (4)dicells; (5) six cells; (6) seveells; (7) eight cells
twelve to twenty cells.

43. Left fore- wing subtriangle: (0) one cell; (o cells; (2) three cells; (3) four cells; (4)dicells; (5) six cells; (6) seven cells; (7) eighls;
twelve to twenty cells.

44. Anal loop shape: (0) indistinct or absent (‘h@hape not present); (1) boot-shaped with sttaigidrib; (2) bootshaped with midrib ankl
“ankle.” Fraser (1957) viewed an indistinct analgas an ancestrstate for Libellulidac

45. Right wing Anal loop ‘sole’ cells: (0) threellse (1) four cells; (2) five cells; (3) six cell§4) seven cells; (5) eight celi®) nine cells; (7) el
cells; (8) twelve to twenty

46. Left wing Anal loop ‘sole’ cells: (0) three tel(1) four cells; (2) five cells; (3) six cell§4) seven cells; (5) eight celig) nine cells; (7) el
cells; (8) twelve to twenty

47. Radial planate: (0) absent or weakly defingjistrongly defined

48. Medial planate: (0) absent or weakly definddl;strongly defined. Most libellulids have obviomedial planates, but sorspecies do not ha
49. Hind wing subtriangle: (0) absent; (1) present

50. Right hind wing supertriangle: (0) one cell} {do cells; (2) three cells

51. Left hind wing supertriangle: (0) one cell; (dp cells; (2) three cells

52. Dominant body and wing color or pigmentatiod) fleep red; (1) light golden brown; (2) darkerdshaf brown;(3) brownish but
transparent hues

53. Fore- wing antenodal cross veins (ACVs): (Ohttwous through subcosta; (1) some skewed beldvcostia making crossveirapg
discontinuous

54. Hind wing ACVs:(0) continuous through subcosta; (1) some skewé&mhbsubcosta making crossveiagpear discontinuous. The skewed
state of the ACVs in either the fore- wing or himthg is rare in libellulids, but when present, isitg visible as crossveins that are not collinear
above and below the subcosta.

©CONOUTAWN
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55. Hind wing nodus position: (0) equidistant besweving base and pterostigma; (1) closer to ptigmost than wing base; (2) closer to wing
base than pterostigma. This character appearsitdlbenced by the wing size and lifestyle of th&dn.

56. Basal area of the hindwing: (0) unexpanded witig width nearly equal throughout; (1) wing baspanded and widest part of wing giving
hindwing a triangular shape.

57. Number of cross vein in the cubital space efttind wing (behind the median space): (0) onep{d)e than one

* Adapted from Kim, et al., 2009; Pilgrim and Vowoliden, 2008

Table 2. The Character data matrix for phenetic andysis

CHARACTERS
anu 12 345367830 UDBUBHTEBANAVTULTRT BB I HAEBA ST FIFT IZIOAIRNEMN ST ELINTFABTET
N, tef] tgoto0iyootyopoorototoyooogoottorttosiditritoosszsaitdintyzootron
NomMiff 100310011 001100001010101C0CCC0D0DT1II1IO01101 21210054243 11011200100

Mmmbdfy 10 P1001t 0011000010101 01000000¢t01 10134110023 232 11022200101
NamM3f} 100100110011 00001 01010CC0CO0C0CO0COD0DO0OT1TOT1ITO0O1I 662211652441 101200100
NamM4ff 10010011 O0D11OCOODIDYIOYIOLICOOCODOOODIIIOD1IZO1 111442331 1000200100
NomM3ff YO0010O01Y0O0OLIYOOQOOIODIOIOODOOOCODOOOODODLTTYTITOYL R ZILES 2L LIO0222200 00
NamMEf 190 R31001l00ilo000totolo0oCoCOQOOO0QOOLlYIO0OLETLIZIYT T 233 LILLIZOCQCLON
MmmMAf} 10010011 00100000101 01000000001 0110154722117 7 244110211 00¢% 020
Nterhim} 10010011 001000001t 0101000000000 O01001 &¥1 1118827711011 0001 01
NeeMlimp 10010011 0D1000001D010100C0000DO0O0OCDIDD1EEI1133 8288110111001 01
NomMim} Y0 01001000 O0OCQCO0OO0OTIODEIOIODOOCO0OCODOCD0ODTOLIOO IR 3IL33IEBE277L10220001 00

NamMdm) 10 D1 0011001000001 0101000000001 0100198W 241188 277110212200100

3. Geometric Morphometrics (GM)

a. General Procrustes Analysis (GPA)

Geometric morphometrics (GM), as a statistical gsialof shape has been employed to clarify thdiosiships of
closely related taxa [38,8,39,40,41,42,43,44,48/16,This technique makes use of x, y coordinatesdmarks’)
to quantify shape and allows both comparison ofpshand investigation as to what landmarks causeti su
variations [48]. The coordinates obtained were camag between specimens after removing the effdctsze,
position, and orientation, allowing evaluation dfetences in shape [49]. The specific body passdiin the study
were carefully removed with the aid of forceps aigital images were obtained using HP2400 flatbegheer at
1200 resolution (dpi) for the wings and a digitakcrmscope 20-400x magnification or stereomicroscfigpethe
other body parts (synthorax) then landmarks (Fiduind 2; Table 3) were established on the digitineages.
Landmarks are defined as specific points on a biok structure that can be located according toesoules and
can be considered homologous across a sample séthe kind of structure [50,51]. The first orderdmarks (type
1), being located at fixed points while the othandmarks (type IlI) were located at points of infbex In the
original sense of the term “landmarks,” are supgdsebe located at homologous sites on the orgarismever, it
has been found useful to expand this concept 9o @ncompass “pseudolandmarks” which are locateuidt
points of rounding of the outline of the organis&2]] Landmarks were captured using the computegram
tpsDig, version 2.10 (copyright© 2006, F. James |IRdfcology & Evolution, SUNY at Stony Brook; avable
from the State University of New York [SUNY] StorBrook. Generalized orthogonal least squares, Pstesu
average configuration of landmarks were computedhgusthe Generalized Procrustes Analysis (GPA)
superimposition method [53,54]. This method waslusecause of low bias [55,56] as such it eliminaten-shape
variation in configurations of landmarks by supeyosing landmark configurations using least squeséisnates for
translation and rotation parameters. Unit centsii® was used as the alignment-scaling method. droisedure
yields a consensus configuration, the central treh@dn observed sample of landmarks, which is simib a
multidimensional average [57,8]. This procedure wsasd to extract the shape of the left fore-wingWl), right
fore-wing (RFW), left hind wing (LHW), right hind iwg (RHW) and synthorax (SYN). Procrustes fittednd y
coordinates defining the shape for each anatorstcatture under study were then loaded to CORIAN&dBware
for further analysis.
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Table 3A. Description of assigned landmarks on botleft and right fore- wing of Neurothemis dragonflies respectively

Landmark Descriptive location Landmark Descriptive location

# #

1 Proximal End of the Costa (C) 16 Distal End of the Radius (R)

2 Proximal End of the Subcosta (Sc) 17 Origin of the Radial Branches (R2 and R3)

3 Proximal End of the Radius + Media (R+M) 18 Anterior End of the ¥ Crossvein between Radial Branches
(R2 and R3)

4 Proximal End of the Cubitus (Cu) 19 Posterior End of the"2Crossvein between Radial Branches (R2
and R3); Origin of
Radial Supplement (Rspl)

5 Proximal End of the1Anal Vein (A/IA) 20 Proximal End of Radial Supplement (Rspl)

6 Basal End of the Arculus (Arc) 21 Distal End of Radial Supplement

7 Proximal End of the Anterior Margin of the 22 Distal End of Anterior Media (MA)

Triangle (T)
8 Distal End of the Anterior Margin of the 23 Distal End of Radial Branch (R4)
Triangle (T)

9 Midpoint of the Triangle (T) 24 Distal End of Intercalary Radial Vein (IR2)

10 Midpoint of the Triangle (T) 25 Distal End of Radial Branch (R2)

11 Posterior End of the Triangle (T) 26 Antero-lateral and Distal End of the Pterostigma

12 Origin of Radial Branches (R2 and R4) 27 Postero-lateral and Distal End of the Pterostigma

13 Origin of Intercalary Vein (IR3) 28 Antero-lateral and Proximal End of the
Pterostigma

14 Nodus (N) 29 Postero-lateral and Proximal End of the Pterostigma

Distal End of the Subcosta (:

Table 3B. Description of assigned landmarks on botleft and right hindwing of Neurothemisdragonflies respectively

Landmark # Descriptive location Landmark # Descripive location
1 Proximal End of the Costa (C) 19 Origin of the Intercalary Radial Vein (IR3)
2 Proximal End ofhe Subcosta (S 20 Nodus (n
3 Proximal End of the Media (m) 21 Distal End of the Subcosta (Sc)
4 Proximal End of the Cubitus (Cu) 22 Distal End of the Radius (R)
5 Posterior End of the Anal Crossing (: 23 Origin of the Radial Branches (R2 and
6 Basal End of the Arculus (Arc) 24 Distal End of Radial Supplement
7 Posterior and Proximal Vertex of the 25 Posterior End of the"2Crossvein between
Hypertrigone (ht) Radial Branches (R2 and R3); Origin of Radial
Supplement (Rspl)
8 Anterior and Proximal Vertex of the Subtrigone 26 Distal End of the Anterior Media (AM)
®
9 Anterior and Proximal Vertex of the 27 Distal End of the Radial Branch (R4)
Hypertrigone (ht)
10 Posterior and Proximal Vertex of the Subtrigone 28 Distal End of the Intercalary Radial Vein (IR3)
®
11 (Cu2 + A2) 29 Distal End of the Radial Branch (R3)
12 Distal Vertex of the Subtrigone (t) 30 Distal End of Intercalary Radial Vein (IR2)
13 Anal Supplement (Aspl) 31 Distal End of Radial Branch (R2)
14 Basal end of the Anal Vein (A3) 32 Antero-lateral and Distal end of the Pterostigma
15 Second Branch of Cubital Vein (Cu2) 33 Postero- lateral and Distal end of the Pterostigma
16 Distal End of the Cubito-anal Vein (Cu2) 34 Antero-lateral and Proximal end of the
Pterostigma
17 Distal End of the Posterior Cubital Vein 35 Postero-lateral and Proximal End of the
Pterostigma
18 Origin of the Radial Branch (R
24
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Figure 2. Landmarks on lateral view of the synthora of Odonata :Anisoptera,Neurothemis dragonfly ;Hs-humeral suture, Ls1-F lateral

suture, and Ls2-2 lateral suture

Table 4. Description of assigned landmarks on theyathorax of Neurothemis

Landmark #

Descriptive location

Anterior proximal end of the humeral sut

Posterior distal end of the humeral suture
Postero-lateral distal end of the humeral suture
Posterior distal end of the first lateral suture
Anterior proximal end of the first lateral suture
Antero-lateral proximal end of thé lateral suture
Sub antero-lateral proximal end of tHddteral suture
Sub anterior proximal end of th& lateral suture
Anterior proximal end of the2lateral suture
Posterior distal end of thé thteral suture

Posterior distal end of th& 2ateral suture

Sub posterior distal end of th& Rteral suture

Sub postero-lateral distal end of tHel&teral suture
Postero-lateral distal end of th& teral suture

Sub posterior distal end of th& Bateral suture

Sub postero-lateral proximal end of tHé [ateral suture
Sub posterior proximal end of th& Pateral suture

b. Elliptic Fourier Analysis (EFA) - Shape Analysis

The upper appendages (cerci) and lower appendagasdct) were removed and placed under a Leicadbittg
Microscope for careful examination (figure 3). Ineagcquisition was done using a Canon Digital Camera
Powershot A810 5%, 16 megapixels. The full colaradges of male appendages were converted to 2%pitppe,
binary (black & white color) images. Then outlinglsmale appendages were digitized using the soéwackage
SHAPE version 1.3 [58] for examination of shapeiataon and were recorded as chain codes [59]. Héngthe
objects of interests were distinguished via segatmmt technique through a “threshold procedure” nehe
parameter called the brightness threshold is minohbsen from brightness histogram and applieddddirable
marks also termed as “noise” were consequentlyieditad by erosion-dilation filter process. Aftelisereduction,
the closed contour shape of the appendages waacedrvia edge detection and the contours weredstor the
form of chain codes [60]. Chain coding techniques waed which relied on a contour representaticcotie shape

Scholars Research Library



Sharon Rose M. Tabuget al Euro J Zool Res, 2014, 3 (1):19-31

information. This method tracks the shape of theeagages and represents each movement by a cliErspmbol
ranging from 0-7. The set of possible movement ddpeon the type of contour representation, a pbesded
contour representation were used in this studynidtized Elliptic Fourier Descriptors (EFD) obtainfsdm the

chaincodes were calculated using Elliptic Fourfansformation as suggested by Kuhl and Giardin@Z)L961].

Normalization of data obtained from chain codegube first harmonic ellipse as a basis which gpoads to the
first Fourier approximation and utilized the 20 manics number to be calculated as suggested by larad Ukai
(2002) [58]. Principal component scores defining shape of the left and right upper appendagesi)@ard lower
appendage (epiproct) were obtained and loaded ®RISRDIS software for further analysis [62].

Upper appendage
(cerci)

left -

Lower appendage
(epiproct)

T

Figure 3. Neurothemis male appendages: upper (cerci) and lower (epiprokt

4. Correlation Analysis based on Distances.

Correlation based on distances implements a mdthod broad spectrum of data types, including 2aBdmark
and distance data. It allows a study of associationong multivariate datasets. The main core sfrtiéthod is that
it allows comparison via correlation analyses oftrioas of distances among specimens or groupshifndase,
landmark and non-landmark data were loaded to ¢ftevare and utilized. This provides a modern apgphoand

vividly look into associations among groups respety, based on the relative contribution and disttion of each
trait (each dataset) to species diversity, distiectess and similarities in terms of congruence ragreaits [63,64]
by considering multiple set of characters. In otherds, it is a measure of how much of the infoiorain the

datasets/squared distances was used in definingiélghts used to compute the compromise [65]. Hseilting

graph contained plots or clusters (stars), eachesponding to a different species group. Congruesog

multivariate covariance measure how similar thersypecific locations of traits/datasets (represkmte colored
points) in space. If two traits tend to be consiyedifferent or similar between pairs of specig®y were said to
be (positively) congruent, and show in the ploaageneral tendency to cluster together within sgedf two traits
were inconsistent in how similar they were betwspacies, results show low congruence and covariealces.

Trait variance or disparity was proportional to #rea occupied by datasets.

RESULTS AND DISCUSSION

This study utilized a technical approach which thescapacity to collate all available datasets thesnonstrating
the process of integrative taxonomy for studies species delineation and variations on two cosmtgoli
Neurothemis species having different morphotypes through QCatimm Analysis based on Distances
(CORIANDIS). Neurothemisspecies, also known as “red dragonflies,” arenoffeen in drains, ditches, ponds,
shallow streams and not so densely shaded areligan City. The two cosmopolitan species oftennsead
confused areNeurothemis terminateRis 1911 andNeurothemis ramburiiKaup and Brauer 1866. This study shed
light on the nature and variation dfeurothemisspecies after much dilemma. Correlation Analysiseldaon
Distances (CORIANDIS) has the capacity to integralleavailable character data sets, investigatsualize
underlying relationships and sources of variabitityong the groups in terms of relative contributidriraits and
congruence among characters [63,64]. Figure 4ashimsvresulting clusters that represent the logaifdhe female
morphs nl, m2, m3.) on the ‘compromise’ space reflecting overall it@mity based on six (6) combined character
sets. This procedure allows both looking into samiiles among specimens/groups, and interpretiog similarities

in terms of congruence among traits where, N. ragnamd N. ter m1; N. ram m3, N. ram m5, N. ram m@ Bin
ram m7 were clustered together. While, N.ram m1 BHirdm m2 departs considerably from other poputatio
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although this seems to be largely a function of élxeernal morphological wing characters such as-faving
triangle, hind wing triangle, the radial planatere- wing subtriangle, number of anal loop ‘solls’, hind wing
supertriangle and number of cross veins in thetalBpace of the hind wing (behind the median spaging
pigmentation and the shape of the synthorax. Ehexpressed as the magnitude of the vectors emgrfedim the
centroid in the compromise space. Figure 4b isjadity plot for femaléNeurothemisnorphs showing vividly the
relative contribution of the combined charactes detspecies’ divergence. Here, the total heighthefstacked-bar
chart equals the total or standardized sum of sgudistances for each character set consideredetorigin (a
measure of variance or disparity). This shows hawelmeach population differs from the rest by intetipg such
differences in terms of individual character [65]rait variance or disparity was proportional te trea occupied
by datasets. Herewith, noted differences have lobserved between female morphs. It was apparentwting
characters and shape of synthorax play a greatimadifferentiating one morphotype to the otherisTis further
evidence to the homoplasious nature of the windgsoAthe life habits of these odonates may be setpdor
convergent changes such that the nature of theswdng shape of synthorax may be reflective of tifestyle and
their habitats [66,67]. In addition, it was alsoidant that females of these species exhibit fertialided
polymorphism (wing and body coloration) [20,21,28,1This is suggested to have evolved throughowtiae
selection. On one hand, when polymorphism is lichite males, it mostly plays a role in male-male petition for
access to females [68,69,70]. On the other hamdalfelimited polymorphisms are important for regig costly
intersexual interactions [71,68,72]. Moreover, figglba shows the resulting clusters and respeativatibn on the
‘compromise’ space for mal®leurothemismorphs based on nine (9) combined character setsfigare 5b
(disparity plot) shows vividly the relative contution of the combined character sets to speciegrdence.
Additional 3 characters (shape of epiproct, lefd @ight cerci) were included for the male populaticgince these
characters are of importance especially to invetitg of possible species divergence and diffeaéioti. The
terminal abdominal appendages on the males aredcalbspers. The claspers are formed by a pairppem
appendages, called cerci, and a single lower agmendn epiproct. These two are designed to Idckspecies-
specific grooves and notches on the female in daeecure the two together for mating. With thiger-specific
sexual activity is normally discouraged by the laeid-key aspect of the attachment process. Fofethales, the
terminal appendages consist of a pair of cerciclviiave little or no function [73]. Herewith, notdiferences
have been observed between the male morphs whashssto be a function of the external morphologigaig
characters such as the fore- wing triangle, hintgwiiangle, the radial planatiore- wing subtriangle, number of
anal loop ‘sole cells’, hind wing supertriangle nmher of cross veins in the cubital space of tha hitng (behind
the median space), shape of synthorax, shape pfogpi shape of left and right cerci. It is notémugh, that
significant difference was observed between gragpecially in terms of the lower appendage (eptprd¥ith this,
it is hypothesized that this feature proved to béngportant factor in the lock-and-key aspect gpecdicity of the
attachment process dealing with copulatioNeurothemispecies. Thus, draws the line between groupsrigéadi
possible reproductive isolation. For the upper agpges (cerci), which function somewhat as hookisold the
female in tandem prior to mating, significant diffece was notable between species and not betweeshs
belonging to same species. However, by lookinghendverall contribution of all character sets, elessociation
was notable between N. ram morph 1 and 2 and batiNeter morph 1 and 2.

Hence, it is hypothesized that differences betwgeups may be reflective of their lifestyle anditheabitats

[66,67]. However, current and strong sexual sedecthay promote adaptive population divergence ésetspecies
and that premating sexual isolation may have ar&em correlated response to divergent sexualtgeled he

results may highlight the importance of sexual téde, rather than natural selection in the ada&ptadiation of
odonates, and supports previous suggestions thatgéint sexual selection promotes speciation ia group.

Accordingly, several meta-analysis on selectiomistsl especially in natural populations have bednighed and
one conclusion from these studies indicate thatstrength of selection on phenotypic traits fouadé strong in
natural populations although the definition of wesdd strong is still subject to discussion [74,8}, Here, the
utilization of a number of character data sets andintegrative approach for species delineatiorvguoto be

effective in understanding variation and the natfrineNeurothemispecies found in lligan City.
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Figure 4. Species/ groups original distance matriseand their compromise projected onto compromise e (a); Disparity plot showing
squared distances to centroid for each character &) for female Neurothemis morphs
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Figure 5. Species/ groups original distance matriseand their compromise projected onto compromise e (a); Disparity plot showing
squared distances to centroid for each character séb) for male Neurothemis morphs

CONCLUSION

This study is a simulation that was used to evaltla¢ accuracy of an integrative approach for ggedélineation
and understanding variation on the gemmsurothemis Among the characters that best contribute to ispec
divergence/ distinctiveness were external morphioldgving characters such as the fore- wing triangind wing
triangle, the radial planatéore- wing subtriangle, number of anal loop ‘soédls’, hind wing supertriangle, number
of cross veins in the cubital space of the hindgw{behind the median space), wing pigmentationpshaf
synthorax, shape of epiproct and shape of leftreghd cerci. In this study, the utilization of amber of characters
for species delineation proved to be effective malerstanding variation and the nature of eurothemisspecies
found in lligan City. The results of this study icdte that indeed the value and utilization of ggragate of
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characters is important and evident in naturabhystHerewith, morphological inference is enhanbgdroviding
sets of data directly applicable to the taxononabpem.
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