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ABSTRACT

In order to evaluate the usefulness of skull measurements as

an indicator of age and sex in the collared peccary, Dicotyles tajacu,

90 comﬁlete skulls. (upper and lower jaws) and 61 lower jaws of adult
peccaries wefe collected during the l§69 hunting season in Arizona.
Information on the sex of the énimal was obtained from the hunter and
skulls were placed in wear classes according to the degreé of tooth
wear. | | /

Significant differences at*the:95 per cent level were found
between male and female skulls on the following measurements: (1)
greatest skull length, (2) greatest skull Width, (3) ratio of skﬁll
length/skull width, and (4jbang1e of skull. No age or sex criterion

could be formulated from'any single measurement.

A potential criteriOn‘f6r~determining sex of peccary skulls was

formulated using the skull_length/ékull width ratios plotted against - . -

the angielof.thé:skuils;"Thevdisériminahtffunction wés used as the‘
criterion of classification; |

A potential criterion for estimating age WésAindicated by the
lower canine anterior—posteridr width measurement. The fivé ﬁea};cia§s. 
width means were significantly“diffefént‘from éachidther wﬁeg}fé%té&'at
the 95 per ceﬁt_level'dsingﬁtﬁe_Duﬁcan'sfmultiple‘rahge‘teéﬁéf':

vii



INTRODUCTION

The collared peccary, Dicotyles tajaéu:(ﬁinnaeué 1758;

Woodburne l968j has become an impdrtant game géiﬁé; %n:Arizona. The-
increasing popularity of the peccary with.sportsmaﬁ'has necessitated
more intensive management. A knowledge of the age and sex étructure
of wild populations is basic for their intelligent maﬁagement. ‘Aée of
- young peccaries can be estimated by the sequence of toothvemergence
“and replacement (Kirkpatrick and Sowls_l§62). Tooth wear classes

have been used t§ estiméte the relative age of adult animals after all
permanent teeth are in (Sowls 1961) but no chronological ages héveVyet
'Béen aséignéd;to:theée’wéar_clasées. Sexual dimorphism is nét readily
appéfent'in the field'and sexidetefmination is poséible‘only when ‘the -

external genitals can be seen. Data on the sex of hunter-killed

animals  can be obtained by examination of the peccaries'genitals or by .

questiogiﬁg the'huntefﬁ ' This 'study was designed to determine if sex -
and age of'thé:coliared'peccary could be determined on thé basis of
skull charaéteristics;
AThe objectiyes were: ’
1. To detéfﬁine ifbthere are any significant differences between
male and female skulls of the éollared peccary. -
2. To use this information, if possible,. to fofmulate_éex
deperminafion‘criteria based dn.the differences.

1



To evaluate the usefulness of skull measurements as an
indicator of age.
To determine at what age the lower and upper canine teeth

cease to grow. -



MATERIALS AND METHODS

All of the skulls used in this study were obtained from hunter—
killed peccaries. A total of 150 skulls were collected during the 1969
hﬁnting éeason»from two hﬁﬁter—check—stations in-Tucson, Arizona. The
stations were located at the Cash Box Sporting Goods Store and at John

‘Doyle's Taxidermy Shop. Although 150 skullé were collected, only the
adult skulls were used in this study. After all skulls wﬂich had
either been shot or were from immature aﬁimals were discarded, 73
compléte skulls (upper and lower jaws) and 18 lower jaws could be used.
_ Anpther 17 complete skulls and 43 lowef jaws from previous collections
,lwefe obfaiﬁed from the Cooperative Wildlife ReSeafch'Unif.

Aﬁ\tﬁe checkingIStations an individual record sheet indicating':~"
sex,ahdiWéar'class.of teeth‘on,each"énimal Was-fiiled out} skullé»ﬁefeA'
then tagged;énd»frozen‘until cleaned.

During the months of April and May all of the Skullé‘were
cleanedfby.boilingitﬁeﬁtapfroXiﬁately five hours inra:SOlution Qf Watéf
‘and common lauﬁdry_soap. All flesh was removed, and'the skulis were
then dried_for siXty dajs. _Atkthelend of the drying period, the skﬁils
were‘separatgd by sex and then placed in wear classes according to the:
degree of tooth wear (Sowls 1961).

' ThéqfollOWiﬁg measurements. were made with a‘lﬁrgé:déliper”thati
ﬁad been constructéd.fromftwo_combiﬁation'squares welded togefhef, a
38 cm. gtéél rulg;{a pfotracfor, and a_sggll pair of diviagrs:'
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1. Greatest skull.length

2. Greatest skull width

3. Ratio éf greatest skull length/greatest skull width
4. - Height of skull

5. Anglg of.skull

6. Least interorbital width

7.-‘Length of lower mandible

8. - Right upper and 1owerfcanine length

9. Rightlupper aﬁd lower éanine anperior—posterior,width

-10. Right upper and lower canine latero-medial width

All measurements were in millimeters, except the angle measurement.
The basic features of the peccéry skull with which. this paper is con-

‘cerned are shown in Figures 1 through 6.

Statistical Methods -

To determine if there were any significant -differences between
male‘and.female peccary skulls, the means of seven sets of measurements
were tested ﬁy a Student's t test. I assumed that all skull growth had
ceased at wear class one so the skull measurements were grouped
together regardless of wear class. When a significant difference was
~indicated between means; the means of the‘five wear classes of both
.seges for that partigular measureménttweré,plotted éﬁd-a 9$.p¢r cent

r3

- confidence interval on the means was established. From this graph the

“extent to which variation was . correlated with age or sex and ‘the -
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Figure 1. A dorsal view of a peccary skull. -- 1. greatest
skull length; 2. greatest skull width; and 3. least interorbital width.

Figure 2. A lateral view of a peccary skull. -- 4. height
of skull; and 5. angle of skull.
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Figure 3. A lateral view of a lower jaw. —-- 6. length of
lower mandible; 7. length of the lower canine tooth; and 8. lower
canine latero-medial width.

Figure 4. A lateral view of the anterior part of a peccary
skull. —- 9. length of the upper canine tooth; and 10. upper canine
latero-medial width,



Figure 5. A dorsal view of the anterior of a lower jaw. —-
11. lower canine anterior-posterior width.

Figure 6. A ventral view of the anterior part of an upper
jaw. -- 12. upper canine anterior-posterior width.
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possibility of establishing criteria for age or sex determination were
determined. | | . '

To‘determine at what age the-canine:teeth_ceésedlto grdW?Aa
Student's t test was first run betweenvmalé and female canine teeth on
the three measuremenfs taken on éhe teeth in wear class oﬁe. This test.‘
Wés made in ordér to strengthen my assumption that there was no signifi-
cént difference between male and female canine teethvso that both male
and female'canine teeth measurements could beé combined. This wedr class -
was chosen.because less interpretation of thé degree of tooth wear was
needed-tovplacé the skull in that class.

| Statistibal pfocedures used in analysis of the seven sets of
measurements presented in this report were adapﬁed from those of
Simpson, Roe, and Lewontin (1960), biffefénégs1between'meéns were
tested by the Student's t test at the 95>perfcent level. The statis-
tical procedﬁfesiused_in analysis of the fatip—angleirelationship were
adapted from Anderson (1958). The statistical pfocedures used: for the

analysis of variance and Duncan's multiple range test were adapted

from Fryer (1966).



‘RESULTS’AND DISCUSSION

Greatest Length

When all wear classes were grouped tbgether, a significant
difference (E = 2407, df =£§7) was-obéerved between the lengths of
male and femalé skulls. From these data I concluded that female
peécéry skulls afe longer than male peccary skulls. Table 1 gives
the Student's t test of the difference in -lengths betweeﬁ~male aﬁd
feméle skulls. -

Table 1. Student's t test of the difference in lengths between male
and female skulls expressed in millimeters.

Male skulls Female skulls et test
Measurement = -  'N _ X _s2 N X x2 >E_ " P .05
Greatest length - E 34 233.8 45.2 '.55.'237.0 53.0 2,07 2.00

number of observations

N:.
X: arithmetic mean
52: variance = IX - (ZX)2

N
N-1
The.small_Qbsérved difference in 1éngth8'between'male'and g
female peCcary‘skuIISfWas.of 1ittié value as a sex criterion for-
determining the sex of an individual skull.
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The grestest length-age relationship is illustrated in
Figu;e 7. Sample mean, 95 per cent confidence interval on the mean,
range, number of observations, and standard error of the mean in each 
wear class are included. The sample variation indicated that gréatest
length Wés an unreliable indicator of age or sex but small sample sizeS-

have important bearing on the observed variation within age classes.

GreatesL Width -

A 51gn1f1cant dlfference (t = 3. 67 af = 86jrwas_observe&"
befween the widths of male and female skulls. From these.data I_¢oﬁ— o
cluded that male skulls are wider tﬁan female_skuils. Table 2 gives
thé:Student's;E_test of the difference in Widthsvbetween_male and
- female skulls. | | |

Table 2. Student's t test of the difference in widths between male
‘ and female skulls expressed in mllllmeters.A'

Male skulls Female skulls - "t" test
Measurement- N X &2 N X §? t P .05
Greatest width 33 103.7 32.8 55 100.1 12.3  3.67 2.00

The observed difference between means of male,énd.female skull_
.Widtﬁé‘was so small that ﬁhé ée% of no individual animal copld»bé |
‘determined by the width of the skull.

Figure 8 illustrates the greatest width—age_rélétiohship;
Becauée~6f éample Variétionvthis”relafionéhip_wéév6f'iittle value as -

an indicator of age or sex.



Figure 7. The greatest skull length-wear class relationship
of male and female skulls giving the minimum, mean, and maximum skull
ilengths in each wear class.

The 95 per cent confidence interval on the means is shown graphically
and the standard error of the mean is given below each sample, while
the sample size is glven above each sample.
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of male and female skulls giving the minimum, mean, and maximum skull

lengths in each wear class.
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Ratio of Skull Length/Skull Width

A ratio was obtained by dividing the skull length by the skull-i
width.  This ﬁas done for each observation in each wear class of both
maleland female skulls; A significant difference betweenbthe sexes
(t = 5.49, df - 85) was found. Table 3 gives the Student's t test of
fhe difference in ratios between male and female skulls;

Table 3. " Student's t test of the difference in skull length/skull
width ratios between male and female skulls expressed in-

millimeters. ‘
Male skulls . Female skuils : "t" test
.. Measurement N X s2 : N X 82 t P .05
Ratio 32 2.26 .01 55 2.37 .007 5.49 2.00

The observed differences between the two means were of little
value in determining the sex of an individual skull.

The ratio-age relationship is shown in Figure 9. Figure 9

indicates that there was a significant difference between the means of o

malevahd female ratiosAin;weariclasses,two'and‘four, however, sex or
age of individual animals could not be determined reliably by this -

'Arelationship.

Height of Skull:

The differences between height of male and female skulls were
not significant (t = 1.38, df = 69). Table é_gives the Student's_E

' ‘test of the difference in heights between'male<and’feﬁale skulls.
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Table 4. Student's t test of the difference in helghts between male i
and female skulls expressed in mllllmeters : '

Male skulls Female skulls "t" test .
. Measurement N X 52 N X e 't P .05
Height .27 152.5 6l.4 44 149.8 64.8 1.38  2.00

Angle of the Skull

-

The angle of the complete skull (Figure 2 ) was taken apd the
" “means of this‘meesurement for the two sexes were comparea; A'signifi—"
cant difference (t = 2.41, df =_68)vwas observed. I concluded that
male skulls had a higher angle of skull slope then female skullsr
Table 5 gives the Student's t test of the difference in angles between
male and female sku1ls.

No angle—ageArelationship was considered for this-measufemenﬁ
because of small sample sizes in some of the wear classes.

Table 5. 'Student's t test of the difference in angles between male
and- female skulls expressed in degrees. '

Male skulls ' Female skulls =~ "t" test

Measurement N X 52 N X s2 t P .05
Angle 27 26.2 10.7 43 24.4 8.44 . 2.41 2,00

Least Interorbital- Wldth

No significant- dlfferences were found between the 1east 1nter—' ;

orbltal width of male and female peccary skulls (t = 0. 694 df = 87)
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Table 6 gives the Student's t test of fhe_difference in least inter-
orbital widths between male and female skulls.
Table 6. Student's t test of the difference in least interorbital

widths between male and female skulls expressed in milli-
_meters. ,

Male'skulls Female skulls et tést

Measurement N X 82 N X » 82 : t P .05

L interorbital width 34 50.2 6.78 55 48.9 7.88 0.694 2.00

Length of Lower Mandible

I found no significant différenées (t = 0.481, af'é 143)
between the lengths of lower mandibles of male and female peccary
skulls. "'Table 7 gives tﬁe Student's E_testAdf the.differeﬁce in
lengths 6f léwer mandibles between male and female skulls.

Table 7. Student's t test of the difference in lower mandible lengthé
between male and female skulls expressed in millimeters. .-

Male skulls 'Female skulls - "t" ‘test
Measurement N X »sz N X szi t P .05
Mandible length 70 155.2 26.0 75 154.8 24.0  0.481 1.98

Ratio-angle Relationship
The length/width ratios and angle of skull were plotted .

. (Figﬁre 10). A groupihg{ihto two séx'“populéfibns"'éanfbe séén.i Thef_f
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problem‘was: given a skull with éertain measurements, with which
population does it share the;greatest similarities?

The problem thus stated involvesla classification of é ékull:»'
intd one of two multivariate normal populations when the parameters
are estimated. One population was skulls from males ana the other Was
females. The discriminant functionlwhi§h7was defined as fhe liﬁear
functiop that has greatest 'variance between samples" relative to ﬁhe
"variance witﬁiﬁ samples" was proposed as the criterion of classifica-
tién into one of the two populétions. Based on the data illustrated in -
Figure 10, the discriminant function was calculated té be X(-.132) +
Y(ll.669).— 23.682-Whére‘X was equal to the angle of the skull and Y
was equal to the ratio,

The discriminant function D was then relatgd to zero, such
that if D was less than or equal’to.zero, the skull was a male. If D
was greaternthan‘zeré, the skullbwaé female. The above WasAbasgd’bn,
the assumption that the pfobability,of selecting a male skull was equal:,if
to the probability of selecting a female skull t§'be classifiéd. Also
the assumption was made that fhe probébility.of classifying the skull

as female.when it really was male was equal.to the prébability of

classifying the skull as male wﬁeg it really was female. This prob-
ability of misclassification was calculated to be 0.2877. For further
details refér-to_Andersan(1958); ’1 |

Because all sku1ls,Wefe,6btainéd from huﬁter—killed'peccaries,1

it was necessary to aceept the hunter's word on the sex of the animal
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he shoﬁ.and in some instances errors may have bgen entered because of
- this.

Assuming that there were sex errors, the discriminant function
calculated from Figure 10 does not represent a true classification
criterion. vBeéause of this, the discriminéﬁt_function calculated from
Figure 10 shouldvonly suggest that the ratio-angle relationship-has the
potential:of‘becoming a,sexing:criterion of peccary skullé. A future
study with known sex skulls and a larger number of observations should
be considered_béfore constructing é sex qriterion from the ratib—angle

relationship.

Growth of Canine Teeth

Three measurements were taken on' the fight canine tooth éf tﬁe
upper and lower jaws of peccaries. These‘Were the caniné length,
canine anterior—posterior width,‘and.cahine latefo—medial Width.
Beforé combihing'the saméjmaleiand female canine measurements, a
Student's t test was run on the six sgtsAbf4measufement;means between
male and feméle.canines in wear class ome. Table 8 gives the Student's
t test of the differences in caniné tootﬁ measurements between male
and fgﬁale° Even though some samplé sizes are rather smail, I con--
cluded that theie was no significanf‘difference in canine tooth
,measufements,betﬁeen the two sexeé. \The same measurements on malé and
fémale canines,Were:ébmbined.‘

The six combinations of male and feﬁale:measurementé with
meansﬂandeSZbef chtecénfidence~intervalzon the means were plottea_;

against the five wear classes. When the means were plotted against.
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8. Student's t test of the differences in canine teeth between
males and females in wear class one expressed in mm.

Lower

Male skulls ‘Female skulls. "' test
Measurement N ¥ . s N X &° t P ;05
Upper CL 2 27.5 13.00 9 27.2 3.50 - 1.79 2.228
Lower CL 7 33.6 8.33 9 33.6 9.75 0.62 2.131
Upper IM width 2 12.5  0.50 9 12.3 0.38 1.02 2.228
Lower LM width 9 10.1 0.25 10 _10?0 0.44 0.37 2.101°
‘Upper AP width 2 7.0 0.00 9 7.1 0.50 1.92 2.228
AP width 9 | 6.9 0.63 .10 6.8 0.89 0.25

2,101

CL: canine - length - .
IM width: latero-medial:width
AP width: anterior-posterior width
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the wear classes, the sémple variationléaused the results to be’
unreliable in determining the point at which growth ceased except for
the meésﬁrement of the lower anterior-posterior .canine width (here-

" after abbreviated AP.width). In order to save épace these plétted
méahs are not included in this reporf. The statistical ériteria for -
thesé six measurements can be obtained from appendiéeé A, B, C, D, E;
and F, | |

‘The measurement of the:lo&er AP width proved to’bg’of.va1Ue
when the five wear class'means were plot#ed with a 95 per cent confi-
dence interval on the means. This tooth width-wear class relationship'
is iilﬁstratéd by Figure 11. Table 9 gives the summary of the analYéisl
of Variancg and Duncan's multiple rangevtest comparing the-five wear -
class means of the lower AP width. All‘five meané differed signifi-
cantly froﬁ each other.

A regression analysis was conducted on the width-age relation-

éhip. Thé data were fitted-to the following regression model: (Y
the mean of the distribution of canine widths of all peccariés>within
a wear class; X = wear class). The Cerelation coeffiqient wéé -99.
The regression line calculated from'thevdata is presented in Figure_lz
The: means for the Y valﬁes were used because no chronolqgical ages afé.
knoWn.fof theﬂwear'classeé. 'Apparently tﬁe lower'AP'widfh éontiﬁues'“
to increase throughout the life of the>péccary., 

A.fﬁtufe’sfudy shouid‘bercbnsidefédﬁin order -to detérﬁiﬁe the -
 -possibility of gstablishingfan age pritefibnibaéed'on tﬁe”lower;ﬁP'.

width.
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Figure 11. The lower anterior-posterior canine width-wear
class relationship giving the minimum, mean, and maximum in each wear
class. -- The 95 per cent confidence interval on the means is shown
graphically and the sample size is given above each sample.
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Figure 12. Regression line of lower anterior-posterior
canine width-wear class relationship of peccaries involved in this
study.



2%

Table 9. Analysis of variance and Duncan's multiple range test com-
paring the five wear class means of the lower AP width.

Analysis of variance

Sum of squares af Mean squares F
Category means ° 79.8 4 19.950 - 25.16 -
Within 110.2 139 . o 7928 F . = 2.45

Total 190.0 143

Duncan's multiple range test

Ordered array of lower AP width sample means of wear classes and. indi- .
cations of significance among the means at the 95 per cent level.

Wear class o1 2 3 _ 4 .5

 Means 6.8 7.8 8.3 8.9 9.6

The means lying over different lines are significantly
different at the 95 per cent level. '




SUMMARY

"1, Female peccaries had significantly longer skull tﬁan males,
'but né reliable age or sex criterion could be constructed from skull
length. | | |

2, Male peccaries had significantly wider skulls thaﬁ females, -
but no.feliable age or sex criterion couldrbé_constructed from skull
‘width. | | ' .

3. TFemale peccary skulls ﬁad éignificantly higher ékull'length/.;
skﬁll width ratios than males. An analysis of ratio-wear cléss réla—
tionships indicated the.possibility of using this as a sex cfiféridg,
Abﬁtba 1érger'sample size might show this to be invalid. |

‘45 Male peccaries had significantly higher skull angles than
females, but no reliablé age or sex critérion’could be. constructed
from ékuli angle.

5.  No significant difference was found between skull heights
of male and female ?eccaries. | |

6. No significant difference was found between least inter—
orbital:widths of male and female peccaries.

?.' Nolsiénificant differencelﬁas found between the<ienéth5‘
6f tﬁé,ldwer mandiblés of male and femalé peccaries.'

‘85. Aupotentialvéexing criterion was formulateé using'the
;atiééanglé relafionship with. the discriﬁinaht functién?ﬁeiﬁé ;$ed-as,ﬁf
thg criterion of ciaséificétion.» ‘

25
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9., At some age, canine teeth ceased to.grow in all dimensiéns,-

-except for right lower anteriorfposteridr canine width. This width of
the canine:apparently contipues to ingrease throughout the life of the
peccary. Additional study might show that a.éexingbcriterion could be

developed from this canine width.



APPENDIX

STATISTICAL CRITERIA OF COMBINED MALE AND FEMALE MEASUREMENTS
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Statistical criteria of comblned male and female measurements of the upper canine length
expressed in millimeters. : T

5]
wn

S.D. " S.E.

' Wear class , N : Range
1 11 | | ’25 ~30 0 27.3 4.02 2.005 © 0.604
2 s -3 200 11.40 3.376 0.571
3 1 17-30 27.0 12.70 3566 0.864
4 12 13- 32 22.0 3130 ©5.595 .  1.615
s 8 11 - 27 20.9 21.00 5583 1.620

N: rumber of observations
X: arithmetic mean

szz variance = X - (ZX)2

N
_ N-1
S.D.: standard deviation .
S.E.: standard error of the mean = S

/N

8¢



‘Statistical criteria of combined male and female measurements of the lower canine length
expressed in millimeters.

Wear class R N Range . X s2 S.D. ' S.E.
1 16 29 - 38 3.6 8.53 2,921 0.730

2 w30 -4 3604 - 17.50 4,183 0.630

3 i' 38 - 18 - 44 37.1 18.10 . 4.254 ~0.690

r 17 2-48 3.3 7.0 6.863  1.664

5 16 19-40. 329 46. 50 6.819 1,705

62



Statistical criteria of combined male and female measurements of the right upper canlne

lateromed1al width expressed in millimeters.

© Wear class N Range X s S.D. S.E.
1 1 1n-13  12.1 0.49 10,70 0.211
2 37 12 - 15 12.8 '1,4'4 1 1.20 0.197
3 18 11 - 15 12.2 0.97 0.98 0.232
4 12 12 - 15 13.1 0.63 0.79 0229
5 8 12 - 15 13.7 1.07 '1.03 0.366




Statlstical criterla of combined male and female measurements of the right lower canine:

lateromedlal width expressed in millimeters.

ﬁéaf class 'N Range - >§. s S.D. S.E.
1 19 9-11 0.1 0.38 0.616 0.141
2 51 9-13 1.2 0.74 0.860 0.120
3 4 9 - 14 11.3 - 1.70 1.304 0.204
4 17 11 - 14 12.5 0.89 0.942 0.228
5 16 e '12,,4 0.92 0.959 0.240 .

11
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Statistical criteria of combined male and female measurements of the right upper canine
anterloposterlor width expressed in millimeters.

'Wé;r clasé,' | N o Range X - sT S.D. . S.E.
1 1m 6-8 7.1 0.69 0.831 0.250

2 - 3 6-100 81 0.95 0.975  0.160

3 1 7-1 s 104 . 1020 0.247
b 12 - 9 8.4 0.26 o0 0.147
5 8 8 - 10 8.5  0.57 - 0.755 0.267

4



Statlstical criteria of comblned male and female measurements of the rlght lower canlne
anterloposterior w1dth expressed in: mllllmeters.. : :

Weafelass'l “N Reﬁge‘ : X ‘ . - .8.D. ' S.E.

1 19 6- 8 68  0.69 0.831 0.191

2 - 1 6 - 10 7.8 0.85 . 0.922 6;129
3 ' S 6-11 8.3 0.93 0.964 0.151

4 1 8-10 8.9 0.36 0.600  0.145

5 16 8 -1 9.6 0.79 0.889  0.222

€e
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