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ABSTRACT

Shape is a fundamental morphological descriptore omethod of its estimation being from digitally gessed
images.Elliptic Fourier method is an outline-based morpteirics that has some advantages: it does not requir
either landmarks or previous knowledge about thepshvariation of the objects under study; it casualize the
contour of information and reconstruct the origirsdape; it can be mathematically normalized to,siatation and
starting point of the contour trace; and it can benducted automatically using computer softwarendde the
variation can be decomposed into several mutualigependent quantitative characteristics. In thisnmex,
unacceptable errors based only on human visualelg of shape, which is frequently deceptive arstechby size
factors, can be effectively eliminated. In thisdgtuwe applied an elliptic Fourier analysis (EFA) fssess
pigmentation pattern symmetries of plastron (vdntrehell) of 52 western Hermann's tortoises
(Testudohermannihermanni) studied from private Hees, and belonging to two different Mediterranean
populations: Albera (Catalonia, NE Iberian Penirsuh=14) and Balearic Islands (n=38). Low coeffitig of
regression appeared between carapace length andnsymical and asymmetrical components. Based on this
sample, it was shown that plastral pigmentationglesgoes not present differences for either thensgtrical or the
asymmetrical component. These results provide elinas for further comparisons in variation of plest
pigmentation pattern based on EFA.
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INTRODUCTION

Hermann's tortoiseTestudo herman@MELIN, 1789) is one of five tortoise species ttamhally placed in the
genusTestudo the others being the marginated tortoiEeniarginatd, Greek tortoiseT. graecd, Russian tortoise
(T. horsfieldi), and Kleinmann’s or Egyptian tortoisg. kleinmanni.

T. hermanris widely distributed in western and southern Eerdfjpom Catalonia to the Balkans, up to European
Turkey [1]. Most populations in the western parttod distribution range (e.g. Spain, France ang)ltzave been
severely reduced, whilst the species is still alamhdn eastern areas (i.e. the Balkans). Two sulspeare
recognizedT. hermannihermanandT. hermanniboettgerinhabiting the western (Spain, France, and Itahg the
eastern (all the other countries) parts of theribigion range, respectively [2]. The subspeclesh. hermanni
includes the former subspeci€s h. robertmertensand has a number of local forms. It has a highthed shell
with an intensive coloration, with its yellow coldion making a strong contrast to the dark patciibs. colours
wash out somewhat in older animals, but that irdgrdlow is often maintained. The underside has ¢atnected
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bilateral black bands along the central seam. Theration of the head ranges from dark green ttoyash, with
isolated dark patches. A particular characteristibe yellow fleck on the cheek found in most spens, although
not in all; T. h. robertmertenss the name of a morph with very prominent chgets Generally, the forelegs have
no black pigmentation pattern on their undersidés base of the claws is often lightly colouredeTail in males
is larger than in females and possesses a spikeer@ly, the shell protecting the tail is dividdélending more
definitive data, and with no impact on the subjetur research, we felt justified in employing enservative
species-level taxonomy that retains these two satasubspecies oTestudo all of which are well-recognized,
uncontroversial, monophyletic groups.

Varied and efficient methods have been developatesaribe and quantify natural objects from imagdés most
common ones use superimposition techniques (earridtes methods), decomposition into harmonicsifeo
series and functions, wavelets), analysis of spuaktions, and combinations of parameters frommelgary
geometry (e.g. circularity index, lengthening). irthe shape of the plastral pigmentation desiganisrregular
curved structure, the use of the conventional medtrapproach, consisting of distances, angles atidsy was
difficult to apply effectively. This shape is tomqrly suited for recognition with landmarks anderéfore, the
Procrustes-type methods cannot be used. Nevershéigesnorphologic variation can be quantified fr@b image
analysis of their outlines using an alternativeceaure, the Elliptical Fourier Function (EFF). EFleyveloped by
Kuhl and Giardina[3], transforms the data from atsp domain into a frequency domain. They arerfias a
parametric formulation in the form: xf&), y =f(t), allowing the separation of the boundary confato separate x-
and y- components.

EFF allows the analysis of contours that cannatitmply represented as single-valued functions. Aeoattractive
property of Fourier Descriptors (FDs) is that tmey only allow the precise reconstruction of theldgical outline,
but also permit the re-creation, at any time, & form from the EF coefficients, in the absencehaf group
specimen. Elliptical Fourier Analysis(EFA) has besmcessfully applied to a number of morphologgtalctures
(see [4], for a review).

Research on asymmetries does not deal with extdaviations in shape, but instead with small, suloépartures
from perfect bilateral symmetry. In this reseamh, present symmetries of plastral pigmentationcfpkreas of the
ventral shell) from two populations dof. h. hermanniin W Mediterranean based on EFA. To the authors
knowledge, nothing similar has been applied tosthidy of symmetries in tortoises.

1

MATERIAL AND METHODS

Specimens

In order to analyse plastral pigmentation patterwéstern Hermann's tortoise. (hermannihermannib2 domestic
pure animals randomly collected from authorized&gie breeders were selected. Their age, accordidgdiaration
of keepers, ranged from 6 to 60 months. Thirty-ei2 females and 16 males) tortoises were deso&ndd
animals from Balearic Islands and the rest (14&mBdles and 6 males) from an Iberian continenta &kbera, NE
Iberian Peninsula), both native populations beieggyaphically separated. No differentiation betw&satearic
Islands was performed, as for most specimens tlaetdrsular group (Majorca and Minorca) was unknown
Selected animals were sexed and measured (midiaiglg carapace length, from the front of the gdate, to the
rear of the carapace).

Extraction of the outlines

Ventral image capture for each animal was performét a Nikon (Tokyo, Japan) D70 digital camera die
resolution of 2,240 x 1,488 pixels) equipped witNi&on AF Nikkor® 28-80 mm telephoto lens. The focal axis of
the camera was parallel to the horizontal planeaamred on the plastron (ventral shell). Imagetuthed a scale
(10 mm x 20 mm) (Figure 1). It should be stated th& type of photographic materials can be usét good
reliability as plastrum is very flat, so one doest expect important image distortions. The photpgsawere
directly input into computer as GIF files and, sdpsently, contour was hand-extracted using a gecapoftware
package (Adobe Photoshop version 14.2.1.CC®). Kintdey were transformed to BMP-256 colour fil€&econd
author (Miralles) was responsible for all this féiepart of the research.
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Elliptic FDs

Image capture was carried out using the SHAPE®wswé package (available on Ine at http:/lbom.ab.a.u
tokyo.ac.jp/~iwata/shape/), which identified thelioe of the pattern and generated an ellipticalder description.
Briefly, the procedure was as follows: images wairearized (i.e. transformed into white for the bangline and
black for the background, in pixels), so the owttirof each continuous contour (interface betweerbliick and the
white pixels) were automatically obtained and diliied. The coefficients of the elliptic Fourigy, &,, ¢, and d
descriptors, which describe each harmonic, wereutated by the discrete Fourier transformation e thain-
coded contour, the position of the first point lgeion the standardized outline for both right anil pbastral
pigmentation contours. Since the coefficients ammputed separately for each outline, the outlinesdnnot have
the same number of points. Shape was approximatélebfirst 20 harmonics (H). Each harmonic coroesfed to
the four coefficients defining the ellipse in thgplane. Coefficients were subsequently normalizadsfze and
aligned by the longest radius [3].

The 80 coefficients were classified into two grougfated to symmetrical and asymmetrical variatiohse
coefficients g and ¢ represent symmetrical, ang &dnd ¢ represent asymmetrical variations. That is, thetauar
reconstructed only by the former coefficients isnptetely symmetrical, and the latter representrémeaining, i.e.
asymmetrical, variation of the contour. The compunef symmetrical variation can be understood as th
differences among the individual averages overt@hsformed copies and represents the variationngmo
individuals. The component of asymmetry can beaetéd from the differences among the transformegilesoof
each individual [5]. Thus, from 80 coefficientstially calculated, we classified them into twogrsupelated to
symmetrical variation (40 coefficients) and asymmicat variation (40 coefficients).

Analysis of plastral pigmentation symmetry and angtny

Given the enormous number of normalized coeffigent EFDs obtained from the above technique, isti

impossible to openly interpret these coefficierdsshape descriptors and the morphological corosldir each
coefficient is difficult to explain discretely. Hee, Principal Components Analysis (PCA), based garance and
covariance matrix, was carried out in order to swampe the information of the variations stored e t~ourier
descriptor coefficients. PCA was carried out onttital sample in the variance-covariance matrides/mmetrical
and asymmetrical coefficients of harmonics. Thedx@laining variance >1% were subjected to two sepawo-
way multivariate analyses of variance (Non-Paraimultivariate-Analysis-Of-VAriance, NPMANOVA) usig

Euclidean distance and sex and geographical greupoainal variables (“factors" or "main effectsAs this

analysis consisted of two-way ANOVA without replica, the interaction was not tested. Finally, gression was
conducted, using length (log transformed) as inddpet, and coefficients as dependent variableprdntice, one
uses a number of harmonics less than infinity fer summation. Therefore, one tries a range of haiceaand
settles on a manageable number that adequatelgsesgis the original curve, so additional harmomiosnot

increase the accuracy of the reconstruction. Thtisit treatment was undertaken with the PAST®kpge [6].

The significance level was established at 5%.

RESULTS

We conducted EFA, including all the materials. fjxson the total sample of 52 tortoises, the wvar&covariance
matrices of symmetrical and asymmetrical coeffitsemere analyzed by PCA, respectively, and five fand PCs,
which explained 95.3% and 97.8% of the total varaobserved, respectively, were extracted to peoddta
reduction (Table 1). For symmetrical and asymmealnoefficients, the EFA-PCs were subjected to NPNNDVA
to test how the differences in shape between gpbgral groups and sex contributed to the total allity.
Comparing the results of these analyses, it wasddbat the differences in plastral pigmentatioamhwere not
significant for either the symmetrical or the asyetrital components, either for the geographicaugsoor for
sexes (Tables 2 and 3). Low coefficients of regoessippeared between carapace length and symnietrida
asymmetrical components #0.02 and 0.01, respectively).

DISCUSSION

The outlines employed in the present study turngdt@ be an example of apparently very complex tadh are
very well-suited for a particular analysis, in tloiase bilateral shape. Because EFA identified dhgdst radius of
the best-fitting ellipse to achieve the requisti@ngardizations, the fact that the plastral pigmgéoh shape is not
circular for the outlines made the use of suchddatdizations very tenable. Moreover, the variabétained here,

48
Scholars Research Library



Parés-Casanova, Pere M. and Miralles, H. Euro J Zool Res,2015, 4 (1):46-51

being defined independently of the size, allowee $tudy independently of a possible allometry halgh no
regression appeared between length and symmetocaponent. Our results indicate that neither tharsgtrical
nor the asymmetrical components of plastral pigetént patterns in captiv€estudo hermanrare the source of
shape symmetrical differences, either at individera¢| or between sexes or geographical groups.

Figure 1. Example of a ventral image capture. Imageincluded a scale (10 mm x 20 mm, bottom).

Table 1. Eigenvalues and contributions of the firs20 principal components (PC) of the elliptic Fourr descriptors estimated for the
symmetrical (Symm) and asymmetrical (Asymm) data gimentation pattern symmetries of plastron (ventrakhell) of 52 western
Hermann's tortoises {T. hermannihermanni). The variance-covariance matrices of symmetricaind asymmetrical coefficients explained

95.3% and 97.8% of the total variance observed, rpgctively, for PC explaining variance >1% (valuesni bold).

Symm Asymm

PC | Eigenvalue % variance % cumulative variafce riiglile % variance % cumulative variantce
1 5.31E+12 62.806 62.806 2.12E+13 83.274 83.274

2 2.10E+12 24.860 87.666 2.24E+12 8.786 92.060

3 3.20E+11 3.780 91.446 1.04E+12 4.059 96.118

4 2.24E+11 2.644 94.090 4.47E+11 1.751 97.869

5 1.04E+11  1.227 95.31¢ 163E+1.  0.63¢ 98.50¢

6 7.39E+1(  0.874 96.192 6.63E+1(  0.26C 98.76¢

7 4.19E+10 0.496 96.687 5.32E+10 0.209 98.977
8 3.99E+10 0.471 97.158 3.86E+10 0.151 99.128
9 3.57E+10 0.421 97.580 3.73E+10 0.146 99.274
10 | 3.16E+10 0.374 97.954 2.73E+10 0.107 99.381
11 | 2.39E+10 0.282 98.236 2.38E+10 0.093 99.475
12 | 2.01E+10 0.237 98.473 1.76E+10 0.069 99.544
13 | 1.86E+10 0.220 98.692 1.56E+10 0.061 99.605
14 | 1.63E+10 0.193 98.885 1.38E+10 0.054 99.659
15 | 1.45E+10 0.172 99.057 1.14E+10 0.045 99.703
16 | 1.30E+10 0.154 99.210 1.05E+10 0.041 99.744
17 | 1.02E+10 0.120 99.331 8.43E+09 0.033 99.777
18 | 8.62E+09 0.102 99.433 7.96E+09 0.031 99.809
19 | 6.84E+09 0.081 99.513 6.66E+09 0.026 99.835
20 | 6.39E+09 0.076 99.589 6.41E+09 0.025 99.860
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Table 2. Non-Parametric-Multivariate-Analysis-Of-VAriance, NPMANOVA, for the symmetrical components fo pigmentation pattern
symmetries of plastron (ventral shell) of 52 westerHermann's tortoises (. hermannihermanni)with 4 Principal Components. The
significance level was established at 5%.

Source  Sum of squares Degree of freedom  Mean squarE p
Group 5.54E+12 1 5.54E+12 0.470 0.573
Sex 4.14E+12 1 4.14E+12 0.351 0.671
Residual 5.66E+14 48 1.18E+13
Total 4.12E+14 51

Table 3. Non-Parametric-Multivariate-Analysis-Of-VAriance, NPMANOVA, for the asymmetrical components ér pigmentation pattern
symmetries of plastron (ventral shell) of 52 westerHermann's tortoises (. hermannihermanni)with 5 Principal Components. The
significance level was established at 5%.

Source  Sum of squares Degree of freedom Mean squarE p
Group 4.69E+12 1 4.69E+12 0.166 0.784
Sex 3.83E+13 1 3.83E+13 1.356 0.182
Residual 1.36E+15 48 2.82E+13
Total 1.27E+15 51

Symmetry is a basic property of shapes and strestuBrowing organisms are likely to encounter cooms or
processes that interfere with developmental pragjsiesulting in an unexpected asymmetrical appeataso in
biological and physical systems this seems to imglgbility and natural development[7]. Accordingly,
symmetrical individuals have greater developmestiability, they will usually exhibit greater repractive success,
and better survival rates than asymmetrical indigld [8]. The term “stress” is a common, but indstesitly
defined, term that can be considered to represergepses or stimuli "that are challenging or thewiaig to the
survival, health and reproductive success of arsinf®]. We cannot therefore either accept or rejdwt
developmental mechanisms or environmental conditian affect symmetry in plastral pigmentationdaptiveT.
hermanni What can be stated with certainty is that plagtigmentation patterns in this species presenigh h
symmetry level, with similarity between sexes aedgraphical groups, thus indicating the existerfca tendency
towards no bilateral phenodeviant individuals,eatst for captive animals of Balearic and Albergias. The lack
of asymmetry between sexes detected in this rasesrespecially interesting, as its potential ratea signal of
reproductive quality. A female may also be an imral who can successfully produce more offspriag].[
Mgller[11] has documented a number of cases in lwiécundity appears to have a negative correlatigh
individual asymmetry.

In conclusion, the results here are considered weaging and suggest the need to initiate furtheeasch to
perform more geometrical studies of symmetricalgras inTestudo hermanni
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