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Pere M. Parés-Casanovaand Carla Morros

Dept. of Animal Production; University of Lleiday AAlcalde Rovira Roure 191, 25198 Lleida
Catalunya, Spain

ABSTRACT

Deviations from expected perfect symmetry can oa@nd organisms can develop several kinds of asymmemong others are fluctuating
asymmetry (FA) and directional asymmetry (DA). lefiresents small random differences between comeipg parts on the left and right
sides of an individual in bilaterally paired strueces; it is thought to reflect an organism’s alyilip cope with genetic and environmental stress
during growth. DA occurs whenever one side on thagof symmetry develops more than the other aitl# has a genetic component. In this
research, we tested the presence of dental FA akdyexamining the expression of asymmetry in gpewufirst molar of 25 individuals
belonging to the “CavallPirinencCatala” horse bree8ize was not different between sides, but thee significant FA. We suggest that the
predominant source of detected occlusal variat®orily behavioural, being a chewing-side prefereagereference for one side of the dentition
during chewing, as has been described in humans.
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INTRODUCTION

Teeth are the hardest of tissues and, unlike dibgmes, are constantly worn away by prolonged[ikdf this
wearing is not uniform (whatever the cause), onalcc@xpect different occlusal appearances betwéees s
[2].Environmental factors could influence dentabwth and can lead to bilateral tooth size asymmgtespite the
fact that both sides of equine dentition have #maes basic genetic determination.Deviations fromeetqud perfect
symmetry can occur, and organisms can develop aeikiads of asymmetry, including fluctuating asymmeFA)
and directional asymmetry (DA). FA represents smatidom differences between corresponding parteneft
and right sides of an individual, variation in naedtional differences between left and right sidésbilateral
characters. Because of its characteristics, FAkas usually considered to be a measure of devela@amoise [3,
4, 5]. DA occurs whenever one side on the plangyofmetry develops more than the other side, andihligenetic
component[6, 7]It has been suggested that DA mayetmted to developmental timing differences betwee
antimeres, which may in turn result from developtakstress in a population[8]. The aim of the présesearch
was to investigate the potential effect of develeptal stability and environmental stress on molars
“CavallPirinencCatala” (Catalan Pyrenean horse, CB€sessed by means of FA and DA.

CPC is an inexpensive horse bred for meat produdticthe harsh environment of the northeastern phathe
Pyrenees along the Spanish-French border [9], beongpact, broad-built, and predominantly chestwitty rather
short limbs [10]. Genetic analysis suggests thiat small population (<4600 individuals) [11] is stdy related to
the Breton and Comtois breeds [12]. The horseseared outdoors throughout the year and do noivea@ny
additional food besides some low-quality straw iimter. They do not receive any systematic clinicate and
receive little dental care.The results of this gtudll contribute to new morphological informati@bout “natural”
tooth wear. Another added benefit is that teetl terbe preserved very well in archaeological sg#tiso the results
can also act as an aid for zooarchaeologists evwadueesults from studies on buried animals in carigpn with
living equine populations. To the authors’ knowledgo similar work has been done on this specidsitie.

MATERIALS AND METHODS
1.1.Sampling

Thirty-five edentate skull specimens were obtaifrecth horses belonging to the CPC breed, aged niamre 8—12
months, and assessed by eruption of upper firsamd'). No cases of tooth diseases (peg-shaped, dejenksis,
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asymmetrical wear, chronic abscesses, etc.) wdeetee in a previous ocular inspection of specimersch are
now held at the collection of the Animal Productidepartment in the University of Lleida.

1.2. Morphometrics

All molars were photographed in the occlusal vieithva Nikor’D70 digital camera (image resolution of 2240
1488 pixels) equipped with a Nikon AF Nikik&@8-200 mm telephoto lens. The camera was placea wipod
parallel to the ground plane so the focal axishef tamera was parallel to the horizontal planeetdrence and
centred on the ventral aspect of each skull araldistance of more than 1 m in order to minimiges ldistortion
consistently. Both right and left molar series diesthe alveoli were included (a picture was tal@nefich skull, so
the same picture included right and left molars)saale was included in the images to standardisk specimen
size (in mm). Tooth pictures were digitised usipgDig version 2.16 [13]. A total of 12 landmarksmegetrically
distributed on the left and right first upper mslé") were assessed (Figure 1). These points were cliosnsure
an adequate representation of thetiat comprised the molar row. Enamel pattern (mone, hypocone, etc.) was
excluded from the analysisbecause of the poor sicetiof digitisation, especially in older animafs FA is very
small compared with the size of the trait being sueed, typically around 1% of the trait size, measent error is
of particular concern [7]. Moreover, Smight al [14] noted that measurement error itself coulchimiFA and that
sampling effects could obscure true FA if the ageramount of FA was small [14]. Therefore, landreanlere
digitised twice (using the same image) in two sefgameasurement sessions and digitisation wagltesigiscern
true asymmetry from measurement error [7].

Variations in the form of landmark configurationgne examined using geometric morphometric methatiser
than a distance-based approach, because they &sthmanean more precisely, have lower type | eatas, higher
statistical power, and lower bias in simulationsdzhon the assumption of independent isotropiciloigions of
landmarks [15]. The Procrustes analysis was peddrta eliminate differences in the size, locatimg orientation
of the digitised images. This analysis uses thdrghof the landmark configuration as the startpmnt from
which rotation and scaling occur in order to eliat differences due to discrepancies in size. Bsbes distances
among landmark configurations relate to Kendalllmge space [15], which is non-Euclidean. Subsequent
multivariate analyses used a projection of thetsrsbf individuals from Kendall’s space into a Edean space
tangent to the consensus. The software tpsSmadlored.20[16] was used to verify that distortiotraduced by
this projection was insignificant. The correlatibetween tangent-projected and Procrustes distamagdarge and
significant (N=100, 70.999), indicating that their variations were #miéntly small that the tangent space
approximated well the shape space in analyses.iJlailso reassuring with regard to the robustioftyhe findings

in relation to the choice of morphometric approach.

1.3. Allometry

Occlusal centroid size (CS) was computed for eaeltimen as the square root of the mean squareahdesfrom
each landmark to the centroid of the landmark caméition [17]. Natural log transformation was apglin order to
scale centroid size relative to the mean propd®y.|

1.4.Size and shape asymmetry

To analyse size asymmetry, we used a Mann-Whitnaggstl To analyse shape asymmetry, we used a twp-wa
mixed-model analysis of variance (ANOVA) with repeth measures, where sides were fixed and indivédwake
random [7]. Measurement error was assessed byli®jsin these analyses, the main factors wereviddals and
sides, with the sidg individual (Sx I) interaction assessing the extent of FA, whiaswvaluated by the F statistic
using the remainder mean square )i®ver the mean square due to measurement errog)MBthe | x S
interaction mean square is significantly greatemtthe error mean square, it suggests FA [4].dfificant, the
variance component not due to DA ¢§=(MSs; — MSy)/2, where 2 is the number of repeated measures per
tooth.DA was evaluated using the mean square fdessi(MS) over the remainder mean square YIS
Measurement error was (MB%, where M% is the error mean square of this individual intécm [4]. Table 1
contains the ANOVA model with the expected mearaseg, in which S is the number of sides, J is timaber of
individuals, and M is the number of measures pee.sPrincipal component analysis (PCA) was caroetdon a
covariance matrix of k S interactions to estimate shape variation amadiyiduals. It is also useful to visualise
FA-related deformation.

Morphod v. 1.05 by Klingenberg[20] was used to whtaS and study multivariate allometry. Asymmetalues
were obtained using the ‘Symmetry and Asymmetrgaometric Data’ (SAGE) program, version 1.21, aldé at
http://www-personal.umich.edu/~emarquez/morphé. rest of the data were analysed using PAST 01 3.
Paleontological Statistics Software Package for dadan and Data Analysis [21] available at
http://www.nhm.uio.no/norlex/past/download.hjmAnalyses were conducted with the full dataset.
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RESULTS

The Mann-Whitney test indicated that there weredifferences in median size among sides (U=1125,38§).
Shape was not related to logCS (r=0.006, p=0.947).

The results of Procrustes ANOVA are shown in TahléAs measurement error did not exceed mean sdifare
values, the results are considered to be validh Botlividual (I), which estimates shape variatiomoag
individuals, and individuak side interaction (Kk S), which estimates FA, appeared to be signifigadifferent
(p<0.0001). The factor ‘individual’ explained thardgest proportion of the total variation around syenmetric
consensus. The second factor that contributededitghest variation wasX S interaction, denoting an effect of
increased developmental instability. Side (S), Whéestimates the effects related to DA, appearedetaon-
significant (p=0.606). The first principal compomnexplained 49.3% of the total observed variatemg showed a
deformation pattern mainly located at the media{daé aspect of the tooth (landmark 2).

DISCUSSION

The results obtained in this research provide nmeini insights into occlusal Msymmetry in domestic horse, and
more specifically in the CPC horse, a breed thatasaged under extensive conditions, with mininaaécThus, it
can be supposed that their ‘dental behaviour’ éfically natural.

In CPC, M FA appeared to be significant, but not DA. Mostd#s have successfully linked FA and increased
environmental stress, leading to the generally@tecestudy of FA as an indicator of developmentstdbility [22],
although specific environmental disturbances thay mause bilateral asymmetry in the dentition akeleton of
humans are not well understood [7].FA and stressrelated. However, as some authors [23] have pethdA
might result from environmental or genetic stressiiat cause unilateral acceleration of mitotiesan enamel
organs. The lack of DA in the studied sample allaygsto affirm that stress is not the cause of FACIRC.
Environmental circumstances such as poor medical ldely increase asymmetry, at least in humad§, [Rut the
lack of evidence of dental pathology in the studsesnple would indicate no pathological dental strdsring
growth and development.

In ruminants, the size of the occlusal surface afsa plays an important role in the chewing eéiindy, since it is
assumed to be directly correlated with the quargityfood caught between the upper and lower toothsy
increasing the number of food fragments cut or gdoper chew [25]. If there is no size differencensen the sides
in CPC, and if that observation can be extrapolttduborses in general, the lack of size asymmetylavhave no
effect on chewing efficiency. The tooth wear woudd explained by just motor performance (e.g., tba-n
allometric scaling of shape would be explained ioyilar physical-mechanical demands, independenittiynolar
size).

Laterality means preference for a particular sldemispheric laterality relates to the portion of train, i.e., the
cerebral hemisphere, which determines lateralitthanfunction of peripheral organs [26]. Laterdiza was once
thought to be a unique feature of the human biddwever, it is now recognised that lateralisatian be observed
across a variety of animal species [27]. It is désgely unclear at what level lateral asymmetrisexin animals.
Hemispheric laterality or lateral dominance in lsrsould be determined by chewing sidedness, ahéas
described in humans [28].According to Christensem &adue[28], chewing side preference occurs when
mastication is performed exclusively/consistenttypcedominantly on the same side.Thus, in horggswhich a
previous study has reported that they present fenergial chewing side [29], chewing would be adiional
activity with right and left symmetrical componenfhe natural lateralised movement of the jaw dughewing
would create dental wear that would be compendateldly continuous eruption of hypsodont teeth (s acclusal
area would be similar between sides), but resultingjfferential wear due to uneven forces (sodhelusal shape
would be different between sides). This would preenavhat we will define as ‘kinematic fluctuating
asymmetry’.We suggest that the predominant souroedusal M variation in CPC is only behavioural, being due
to individuals’ tendency to chew more with the tigh left mirror series.

Symmetry and asymmetry in antimeric tooth eruptiame been shown to be sex- and race-specific imharf80],
although other authors have not found significaexusl differences in tooth FA [31, 32, 33]. Smé&hal [14]

argued that differences in dental asymmetry cowdekplained by sampling effects on the small sanspes
typically used. The aspect of differences betweass could not been evaluated as we have no infammabout
the sex of our studied specimens. Therefore, afthaur final conclusion seems plausible, it shdaddnterpreted
with some caution, as not only the sample size smaall, but individual sex was not known. More resbawith a
bigger sample size of sexed specimens would besstieg. Moreover, testing could be done with mage groups
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and for both hypsodont and brachydont teeth (incdse of non-molar teeth). It would also be advesabtest if a
correlation between chewing side preference arddbtiominance (for instance, in gait performarecéts.

Figure 1. Occlusal aspect of right upper molar M1 sowing the position

of the six landmarks selected

(palatine face on the left, vestibular on the right

Table 1.Two-way, mixed-model analysis of variancef evalu

ating asymmetry.

Source of variation  Degrees of freedom Mean square

Expected mean square

Interpretation

Sides (S-1) MS om’+ M (6° + (J/S - 1¥o®)  Directional asymmetry
Individuals J-1) M$ om’ + M (6° + So) Size/shape variation
Remainder (S-1)(J-1) MS om’ + M 62 Nondirectional asymmetry
Measures SJ(M-1) MS Om> Measurement error

1:s=2 J=number of individuals

Table 2. Results of the Procrustes two-way, mixed-mdel analysis of variance conducted

M=2 (measures pate)

on the landmargets fordomestic horse (n=100)

for individuals, sides, and individual x side interaction

Sum of Degrees Meansquare

Source squares of freedom x 10° F P Significance
Individuals 59957 192 0.03122 35.138 xkk

Sides 0.0056 8 0.00070 0.796 0.606S
Individuals x sides 0.1706 192 0.00088 6.611 O b
Measurement error0.1613 1200 0.00013 --

Sides=side-directional asymmetry; individuals xesidteraction=fl
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