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ABSTRACT

Scale morphology became important in fish systematic and phylogeny after the introduction and development of
scanning e ectron microscopy and image analysis software. In this study we examined the morphology of the scales
of the redbreast wrasse, Cheilinus fasciatus using image analysis and the applications of elliptic Fourier (EFA)
method to understand variationsin scales within regions of the fish. Four types of scales of the fish were observed -
cycloid, cosmoid, ganoid, placoid, leptoid and ctenoid types. To quantitatively determine shape variation in the
scales in different body regions, geometric morphometric analysis using EFA was done. The Fourier coefficients
were analyzed statistically using the Kruskal-Wallis test. The results of the multivariate statistical analysis revealed
that there is shape variation in the scal es obtained from the different regions. Scales obtained from regions BC and
J regions of the fish were the most variable shapes. The result of multivariate analysis is consistent with the result in
the morphological observation of the scales. Variation in the scale shape might be contributed to the swimming
mode of the fish.

Keywords: Cheilinus fasciatus; scale morphology; geometrarphometrics; Elliptic Fourier Analysis; Kruskal-
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INTRODUCTION

Fishes have protective structure in their skin fratects them from scrapes, parasites and othernat injuries.

Scales are part of organism’s integumentary systeththey are categorized based on their shapeoahd tlass of
animals. The type of scales a fish possesses tan wdflect the behaviours and lifestyle of thecég® The huge
popular of bony fishes, including ti@heilinus fasciatus, is generally described as having a round or cydiype of

scales that have a smooth outer edge [11].

Detailed qualitative and quantitative descriptidrsvever have not been reported in literatufEse redbreast
wrasse,Chellinus fasciatus, belongs to the family Labridae that inhabits thefs across the Indian and Pacific
Ocean. It feeds mainly on crustaceans and mollagkisis often seen resting on the seabed. Its legtbenish-
blue, followed by a distinctive red-orange banddiwkd by black and white stripes. Adults generaliyye a more
pronounced red band than juveniles [5]. Wrasseseaxeally dimorphic. Many species are capable ahging sex.
Juveniles are a mix of males and females (knowmiéial Phase or IP individuals) but the largestilésl become
territory-holding (Terminal Phase or TP) males [15[he fish therefore is an interesting speciesttaly in its
morphological structure especially the scales wigatonsidered very important in taxonomic studies.
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During the late 18 century and theSthalf of the 28 century, the importance of scale morphology irtesysatic
studies, e.g. Williamson 1851; Baudelot 1873; Timh®05; Cockerell 1910, 1915; Chu 1935; Lagler 1947;
Kobayashi 1951, 1953, 1955; McCully 1961, signffittaincrease with the enormous advances in ligictescopy
[9]. Years after, scale morphology became more iapo in the study of fish systematic and phylogemyg. De
Lamater & Courtenay 1973, 1974; Hughes 1981; Lgmhit1990, 1992; Roberts 1993, after the introdnctind
development of scanning electron microscope [9].

The introduction of recent methods in shape amalysth as geometric morphometrics (GM) has greattyuaded
the growth of systematics and evolutionary relafops of organisms. Geometric morphology is alfmdncerned
with studying variation and change in the shaperghnismor objects [16] and are useful in analyzing thesilos
record. It is believed that morphometrics can meaa trait of evolutionary importance and can assgomething
of their ontogeny or evolutionary relationship bemtifying changes in the shape of organisms [Wihjile there are
several methods for extracting data from shapestwiniclude measurement of lengths and angles, laridand
outline analysis, each of these have their own fitesnend weaknesses. We however in this study wsehed
analysis in the form of Elliptic Fourier Analysis, geometric morphometric method. While Elliptic Feu
Descriptors (EFDs) can be powerful tools for thalgsis of biological shapes, they are not easyplya since
several complex procedures are involved, such agenprocessing, contour recording, derivation efdascriptors
and multivariate analysis of the descriptors [&eTmethodology however is made easier with theldpagent of
image analysis software such as the SHAPE softdeveloped by Iwata and Ukai (2002) [8] which waedug
this study.

MATERIALS AND METHODS

The fish scales were obtained from the fresh resftrerrassesCheilinus fasciatus). Scales were removed from
different body regions of the fish and were lalgbfimm A to J (Fig. 1). Scales were then soakeda didute solution
of detergent to soften the tissues attached. Thlesavere then cleaned by removing the tissueshaithto the
surface of the scales. Extra precaution was maaédedning to prevent damage on the scales. Afeanghg, the
scales were allowed to air dry. Once dried, theseewmounted between the two glass slides with aeside tape
put in the edges of the slides to make it stabktrelfne precaution was made to make sure that tdessdid not
curl or fracture during its positioning to the €& Images of the scales were taken by scanning.

Fig.1. Body Regions of the€€heilinusfasciatusto where the scales were obtained.

After the scales were mounted and observed unéemtbroscope, descriptions of the scales per regiene made
and variations between the scales in each regiom weted. However, in the morphological descriptam
multivariate analysis of the scale’s shape, red@omas fused with region C as well as the regiomD B, region F
and G, and region H and I. This was done sinceawioebody regions of the fish were symmetrical. THusm the
original 10 regions, the number of scales to dbscaind analyze reduces to 6. The descriptions made based on
the scale’s size, over-all shape, focus, circuti eatii. Each scale is divided into 4 fields, nayn#éthe anterior field,
which is rooted in the skin and covered by the farscale; the posterior field, which covers theeaat field of the
latter scale and contains coloration; and the & #hfields.

The scanned images were converted into bitmap isnsipee the SHAPE software that was used in thidystan
only handle full color (24 bit) bitmap imagene of the programs in the SHAPE software is thait@Doder
program. It extracts the contour of objects fromimage file and records them as chaincode (Freerh@ry).
Chaincode is a coding system for describing gedoattinformation about contours in numbers fromd %
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ChainCoder converts a full color image to a bind@gck and white color) image, reduces noise, sgdlae contours
of objects and describes the contour informatiorclagincode. ChainCoder outputs a chaincode fildchvis
analyzed by the program Chc2Nef [8].

In the Chc2Nef program, it calculates the normalig€Ds from the chain code information. The normedi EFDs
are calculated in accordance with the procedurggesied by Kuhl and Giardina (1982) [12]. Chc2Naef perform
two types of normalization. One is based on thst flrarmonic ellipse that corresponds to the firstrker
approximation to the contour information. The sing orientation of the contour is standardizedccoedance with
the size and alignment of the major axis of thpsdl. The starting point for tracing the contoualso standardized
with respect to the major axis. The other type @hmalization is based on the point of the conteuthfest from the
center (i.e. the longest radius). This normalizat®performed in accordance with the direction absiolute size of
the vector from the center to the farthest poirdwiver, in this study, normalization based on tregést radius
was performed over the other [8].
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Fig.2. Schematic diagram of the scale shape analysi

PrinComp program performs a principal componentyaigof the normalized EFDs derived by Chc2Nef.en'lta
contour shape is described in the first 20 harnsomt Fourier coefficients, the number of normalizZeBD
coefficients becomes large (77 or 80). Howeverngipal component analysis can efficiently summarize
information contained in these coefficients. Thgipal component analysis conducted by PrinComipaised on
the variance covariance matrix of the coefficieantsl not on the correlation matrix, because coeffits with small
variance and covariance values are generally npoiitant for explaining the observed morphologicafiations.
The principal component scores can be used asw#isenlues of morphological features in subseqaeatysis
and in the case of this study, morphological anglyg the shapes of fish scales. This program altows
visualizing the variation in the shape of the ssae explained by each component [8].
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To verify if the shape variation of the scales axptd by each principal component is statisticalgnificant, the
Kruskal-Wallis test was performed using the PASTtvgare as the platform. The Kruskal-Wallis tesh@n
parametric version of one way anova, that is, gsdoot make any assumption on the nature of therlymuly
distributions (except continuity). As many othemnmarametric tests, it will not use the valuesh&f bbservations
directly, but will first convert these values intanks once these observations are merged intogeessample and
instead of comparing sample means, it compares lsam@ans of ranks. The Kruskal-Wallis proceduréstése
null hypothesis thak samples from possibly different populations adyuatiginate from similar populations, at
least as far as their central tendencies, or medi® concerned. The graphical comparison sutimagplot was
used to visually see the distribution of the diéfergroups. There are a number of options availablee box plot
that was utilized in order to examine the groupd #rese include the means, median and error bar&ifjure 2
below shows the schematic diagram of the wholegg®done in this study.

RESULTS AND DISCUSSION

Morphological Description

The scale’s over-all shape, as shown on figureaBies from square shaped, circular, oblong, hdaped, fan
shaped, rectangular and D-shaped. The anteriat diethe scales, as shown figure 4, varies fronmdpairaight,
lobate, rounded, curved, pointed, wavy and ovak Ttargin of the anterior edge, shown in figure IS¢ araries
from being undulate, crenate and smooth. For tsepior field (figure 6), it varies from being dvaounded,
pointed, curved and elongated. The focus of théesoaries from being distinct to indistinct (figu7) and with
respect to its location; it is located either i ttentral field, posterior field, posterio-latefigld and lateral field
(figure 8). The circuli are curved and are conderdfong the outline of the scale. It runs continsiy between the
four fields except when disrupted by the radii (fig 9A and 9B). However, in most of the scales, ¢heuli
becomes indistinct in the posterior field (figu@)9Radii are present mostly posterior field thamhie anterior field
while only few are present in the lateral fieldg\fe 10).

Fig.3.Various over-all shapes of the scales from iogy square-shaped(A), circular(B), oblong(C), hearshaped(D), fan-shaped(E),
rectangular(F) and D-shaped(G).

Fig.4.Various shapes of the anterior field; straigt(A), lobate(B), rounded(C), curved(D), pointed(E) wavy(F) and oval(G).
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Fig.7.Part of C. fasciatus scale showing the distinct focus(A) and indistinct focugB)

Fig.9.Part of Cheilinusfasciatus scale; showing the distinct circuli in the anterio field(A) and lateral field(B) and indistinct circ uli in the
posterior field(C).
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Fig.10.Part of Cheilinus fasciatus scale; showing the radii in the anterior field(A),posterior field(B) and lateral field(C).

The scales in region A (figure 11) are generallyderate to large in size. The scale’s over-all shagées from
circular; oval with irregular lobes in the outerged; circular with bilobed anterior field; and sgpuahaped with
rounded posterior field. The outer edges of thdesese smooth except in the anterior edge whicklightly
scalloped. The focus varies from being distincinistinct with markings inside and is slightly s&t towards the
posterior or lateral field. The circuli are curvaidd are concentric along the outline of the sdateins continuously
between the four fields except when disrupted key rédii. However, in some of the scales, the dirbetomes
indistinct in the posterior field. Radii are presarostly in the anterior and posterior field whilely few are present
in the lateral fields.

In regions BC and DE (figure 12), all the morphatad) characteristics of the scales were almostlaimiThe scales
are large in size and shaped like a square witlulair or oval posterior field. The outer edgesammoth except in
the anterior field which is slightly scalloped. kscvaries from distinct to indistinct and is slightffset along the
posterior field. The circuli are curved and arecantric along the outline of the scale. It runstoarously between
the four fields except when disrupted by the raadii are present mostly in the anterior field gdterior field
while minimal are present in the lateral fields.

In region FG (figure 13), the scales are also largd its shape varies from being square, circular aval with

smooth outer edges except the anterior field edgehnis slightly scalloped. Focus varies from distito indistinct
and is slightly offset towards the posterior fieldthe lateral field. The circuli are curved and aoncentric along
the outline of the scale. It runs continuously tesw the four fields except when disrupted by thii.rkadii are

found mostly in the anterior and posterior fieldiletiew are present in the lateral field.

In region HI (figure 14), the size of the scalesiemfrom moderate to large. The shape also vémes being oval

to square with somewhat circular or oval posteddge. The outer edges of the scale are smooth teiceipe

anterior edge which is slightly scalloped and immetimes loosely pointed in the anterio-lateral edggeus varies
from distinct to indistinct and is loosely offsetards the posterior field or at the posterior#altéield. The circuli

are curved and are concentric along the outlitb@tcale. It runs continuously between the foeld§i except when
disrupted by the radii. Radii are found mostly e tanterior and posterior field while only minimaimber is

present in the lateral field.

Lastly, in region J (figure 15), the scales are eratk in size and D-shaped with smooth outer eddes posterior
field is somewhat pointed compared to the antdigda which is more or less rounded. Focus is matein size to
large and varies from distinct to indistinct wittepence of hazy markings inside and is locatedhttjigowards the
convex lateral edge. The circuli are curved andcarecentric along the outline of the scale. It regostinuously
between the four fields except when disrupted leyrtdii. Radii are found all throughout the foweldis however,
the lateral field which is convex in shape tendkawge lesser radii compared to the other threddiel

Fig.11.Various scales’ shapes obtained from the riem A of C. fasciatus
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Fig.12.Various scales’ shapes obtained from the riemn BC (A) and region DE (B) ofC. fasciatus

Fig.15.Various scales’ shapes obtained from the rign J of C. fasciatus
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Multivariate and Statistical Analysis
Quantitative analysis of the shape of the scalesdan the result of principal component analysth® normalized
EFDs shows that there was a variation in the sbéffee scales between the different body regiosbid 1).

Tablel. List of Effective Principal Components withits Corresponding Eigenvalue and %Variance

Eigenvalue | Proportion(%) | Cumulative(%)

Prinl 7.02E-03 36.2629 36.263¢
Prin2 4.11E-03 21.2638 57.5277
Prin3 2.31E-03 11.9181 69.4458
Prin4 1.29E-03 6.6507 76.0966
Prin5 1.06E-03 5.4573 81.5538
Prin6 6.72E-04 3.4722 85.026
Prin7 5.15E-04 2.659¢ 87.685¢
Prin8 3.88E-04 2.0043 89.6902
Prin9 2.60E-04 1.3455 91.0357

A total of 76 principal components were generatedng the analysis of the scale’'s shape, howevaly 8
principal components, which accounts for 91.0357vaiation, were considered effective as shownaiole 1.
Every principal component represents a variabléhefscales shape (length, width, shape of eacth fietl etc.).
PC1, which explains for the 36.2639% of variatiacGount for the variation in the over-all shapehef scales. PC2
(21.2638%) describes the variation in the lengtthefscales. PC3 (11.9181%) explains the variatidhe shape of
the anterior and posterior field. PC4 (6.6507%@dsountable for the variation in the margin of fusterior field
while PC5 (5.4573%) describes the variation inriergin of anterior field. The remaining principansponents
explain for the rest of the scale shape’s variatiEigure 16 below shows the different contourshe tespective
principal components which describe the variatibthe scale’s shape.

48
) % 8% %
o

Fig.16.Reconstructed scale outline of th€. fasciatus scales

Q@Q@

The result of Kruskal-Wallis test, as shown in éab] showed that among the 9 effective principatponents, only
the PC1, PC2 and PC3 were considered extremelyfisagnt while others were considered not significarhis
would imply that the over-all shape, length, shap¢he anterior and posterior field of the scaleravthe most
accountable factor for the variation of the scasdiape obtained from the different body regiontheffish.
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Table2. Results of the Kruskal-Wallis Test of the Effective Principal Components of Elliptic Fourier coefficients derived from the
Scale’s Outline ofC. fasciatus

Component] KW | P-Value0.0001 Remarks
1 80.08 8.082 x 16 Extremely Significant|
2 28.F 2.901x 10 Extrerrely Significan
3 31.£ 6.506 x 11° Extremely Significan
4 8.02 0.1551 Not Significant
5 7.14 0.2105 Not Significant
6 19.28 0.001702 Not Significant
7 15.69 0.007794 Not Significant
8 14.9¢ 0.0106¢ Not Significan
9 19.1¢ 0.00179 Not Significart

A box plot, as shown in figure 17, was used to &iize the distribution of the scale’s shape indfféerent regions
based on their principal component scores. Fornfigioee, it is clearly shown that region J has beeparated from
the rest of the region based on the first princggahponent. This would indicate that with respecthte over-all
shape of the scales, region J was significantfigdiht compared to the other regions.
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Fig.17.Box-and-whisker plot showing the distributio scale shape variations of the 9 effective compants based on the principal scores
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When look closely, region J was the only regiomieg towards the positive side of the graph andnuieéerred to
figure 9, the positive side would correspond toBhshape scales. This result was consistent wihdbult obtained
the morphological description of the scales as shewrlier in this section. Looking at the physiappearance, it
could be deduce that scales in region J differ ftbenothers since it is the only region characéeviith D-shape
scales. The same situation was observed in thatiariof scales based on the second principal casmto With

respect to the length of the scales, region J Igms\variable. The scales in the region were lorogenpared to the
others. Also, looking at the scales appearanceoutd really see the difference. For the plot of temaining
principal components, although variation in theatien of boxes was observable, these were not parapt as in
the first two principal components. Some boxes wermerlapping, indicating similarities in a certaiharacteristic
of the scale as define by its principal component.

The variation of the scale’s shapeGifeilinus fasciatus might be attributed to the location of the scatethe body
of the fish. Scales in region BC, which are squsdraped, have the largest and the broadest ofeafidhles because
the scales are situated in the lateral area ofishewhich is the widest. On the other hand, tha&escin region J,
which are D-shaped, are narrow and elongated bedhey are situated in the dorsal part of the fishr the tail
which is a narrow area. Although scales in regiomwére also obtained from the dorsal area, its scatere not
narrow like in region F because the scales weraindtl from the head part of the fish which is bevatbmpared to
the tail part. This would imply that the shapeld# scale would adapt to the area where it is ldcate

The shape of the scales in regions B and C are ordess the same to the shape of the scales ione® and E
but differ in sizes. According to Alexander (1970), the size and distribution of scales over &'fidody often, but
not always, reflect the way it lives. Thus, fisfatlswims quickly, or that live in fast flowing wasetend to have
small scales, while fish that swim slowly in slovowing waters tend to have larger scales. Largeayike scales
supply more protection, but restrict movement whitealler, lighter scales offer less protection dllgw for greater
freedom of movement [1]. The scales of some figlrekse in size from the head towards the tailctifig the need
for greater flexibility towards the tail of the fisThis statement is consistent with the resuthef study. Scales of
regions D and E, which were obtained from thertgjion, were the smallest scales among them alis,Tthe small
scales in the tail region could provide tBieeilinus fasciatus the flexibility to glide smoothly as it swims.

CONCLUSION

Qualitative and quantitative analysis ©fieilinus fasciatus scales revealed that variation exist in the staphe
scales obtained from different body regions of fish. Quantitative analysis of scales showed that gcales in
region J has the most varied scale shape compare tscales of other regions with respect tover-all shape,
length, and shape of anterior and posterior fi¢lthe scales. The result of qualitative analysis wapported by the
result of quantitative analysis. Geometric Morphtiae analysis showed that the PC1, PC2 and PC3hwh
correspond to the over-all shape, length, and sh&paterior and posterior field of the scales essipely, account
for the majority of variation in the scales. Qutattve results were visualized in the box plot &mther strengthen
by the result of Kruskal-Wallis test. Variation time shape of the scales might be attributed tddtation of the
scales in the body @heilinus fasciatus.
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