34415

“.
l‘ National Library Biblhiothdque national e CANADIAN THESES TMESES CANADIENNES
’ ot Canada du Canada ON MICROFICHE SUR MICROFICHE
1 . 3 '(“5 .
NAME O AUTHOR AVOM DF A TEUR —cad L5 D1 E D Faoarew I" oA
— _ - ‘, Yo
TITLE % THESIS T/TRE DF LA THESE S Truc Cem AL l/ﬁg‘ﬂ TiCA N T M AL
Y - AR
feput ATioNS [l Jupfiuq (z}ls /)MRD [320
UNIVERSITY (/N/VERSITE ﬂ LPER T A

DEGREE FOR WHICH THESIS WAS PRESENTED
GRADE POUR LEQUEL CET™' THESE FUT PRESENTEE

0A

YEAR THIS DEGREE CONFERRED. ANNEE D'OBTENTION DE CE GRADE

ERE

NAME OF SUPERVISOR NOM DU DIREC TEUR DE THESE g D GCen 7(f7>/ S'fee (e

Permission s hereby granted to the NATIONAL LIBRARY OF L'autorisation est, par la présente, accordée & I3 BIBLIOTHE -

CANADA to microfilm this thesis and to lend or sell copies
of the film,

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-

wise reprc .ced without the author’s written permission.

QUE NATIONALE DU CANADA de microfilmer cette thése »t
de préter ou de vendre des exemplaires du film.
L'auteur se réserve [es autres droits dg publication; ni la

thése ni de longs extraits de celle-ci ne doivent étre imprimés

—--ou autrement reproduits sans /'autorisation écrite de 'auteur,

, /
\ : //’ (‘ N
DATED/DATE /)/](7\\// 7} /727 SIGNED /S/GNE ypw /%/Z D}\

PERMANENT ADDRESS/RESIDENCE FIXE (k /,/ ‘fh\ < f\ ﬂ7[ /414 {//’A 0;) /OC‘ V4

Unn}\ E/{

ﬂ Afr YLQ

gO/MOpO/A;L




.‘ Nationgl Libracy of Canada
§

Cataloguing Biranch
Canadian Theses Division

Ottawa  ~anada
K 1A ON4

MNOTICE

The quality of thhs microfiche 1s heavily dependent upon
the quahty of the original thesis submitted for microhim:
ing Every effort has been made to ensure the highest
quality of reproduction possibie

It pages are missing. contact the umversity which
qgranted the deqree

Some pages may have indistinct prnint especially f
the onginal pages were typed with a poor typewriter
nbbon or if the university sent us a poor photocopy

Previously copyrighted matenals {journal articles
published tests etc ) are not filmed

Reproductionn full orin part ¢ this films govermed
by the Canadian Copyright Act. FSC 1970, ¢c. C-30
Please read the authornization form which accompany
this thests

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED -

Bibliotheque nationale du Canada

Direction du catalogaqe
Diviston des theses canadiennes

AVIS

La qualite de cn*1 ~tiche depend grandement de la

quahitede la’ e son o aumicrofitmage Nous avons
tout tait p« assure - qualhte superieure de repro-
duction .

Silma e e ces veulllez communiquer avec

I universite qu sre le grade

La qualite d impression de certaines pages peut
laisser a desirer. surtout si les pages.ornginales ont ete
dactylographieesal aided unruban use ousi l'umversite
nous a fait parvenir une photocopte de mauvaise qualite

{es documents qui font deja | 'objet d'un droit d au-
teur (ariclesde revue, examens publies. etc ) ne sontp-”
microtilmes

Lareproduction, méme partielle. de ce microfiim est
soumise a la Loi canadienne sur le droit d'auteur. SRC
1970. ¢ C-30. Veuillez prendre connaissance des for-
mules d autorisation qui accompagnent cette these

LA THESE AETE
MICROFILMEE TELLE QUE
NOUS L'AVONS REGUE



THE UNTVERSTTY OF ALBER.A

STRUCTURAL VARIATION WITHIN POPULATIONS OF

Tupaia plis DTARD 1820

by

JAMES ANDREW McDONALD

A THESIS

!
{

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF ARTS

DEPARTMENT OF ANTHROPOLOGY

EDMONTON, ALBERTA

FALL, 1977



b

THE OINTVERSTTY OF ALBERTA

FACULTY OF CRADUANTE STUDIES AND RESEARCH

The undersigned o tity that they have read, and
recommend to the Faculty ot . .aate St odies and Research,
for acceptance, a thesis entitled STRUCTURAL VARTIATION
WI'I'HIN RPOPULATIONS OF 1_UP_11_1 glis DIARD submitted by
James Andrew Mchonald in partial fulfilment of the require-

ments tfor the degree of Master of Arts.

.

}

.........................



DEDICATION

to

M. SQUIDIVITZ_

iv



ABSTRACT

The common tree shrew (Tupaia glis Diard 1820) has a range
of structural diversity which make§ it difficult to interpret as
one polytypic species or more than one. Consequently, sévcral
classifications have been proposed. The present study examines
the di?crsity in the area of thc Malay Peninsula thr gh.an analysis
of variation within populations from local geographic areas and

also within the total study sample. A sample of 397 specimens 1s

analyzed in this way for.variation contributed by the individual

specimens and for variation associated with th¢ sex groups.

-

Twenty-three measurements of the cranium and pody are used

in the statistical analysis.

The analysis of variation, which xs based upon the calcu-
lation of the coefficient of variation, reveals a considerable
homogeneity within the samples from local geographic areas, and
within the complete study sampie of spécimens from all'parts of
the geographic region.ﬂ“This is not in accordance with previous

taxonomix studies which were unanimous in describing distinct

forms in the northern and southern extremes of the study area. .

L&

A possible explanation for the unexpected results could .be that
o

the statistical analysis provided by the coefficient of variation

underestimates the biological importance of the variation within

the entire sample.



The analysis of the variation within the sexes, also
based upon the coefficient of variation, leads to the generalization
that the male samples have slightly greater homogeneity within
sites and slightly greater variability between sites than do the
female samples. Accordingly, future studies on geographic variatién
are advised to choose samples of male specimens, or be designed

with this sexual difference in variability in mind.

The differences between the sexes‘are tested for significance
and the results show that most of the characters exhibit significant
sexual dimo?phism in at least somelof the collecting sites, the
entire sample, or both. This then dofuments sexual dimorphism for

the common tree shrew, and must be taken into account by future

studies.

The cémplete statistical analysis, which includes descriptions
of the means, standard aeviations, range. of measurements, coefficients
of vafiation and significance tests, is intended to provide a basis
foF future studies on geographic variation and for a classification

of ‘the common tree shrew.
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Chapter 1

INTRODUCTTON

3

The common tree shrew {Tupaia glji>hinrd 182071 "has a
range of structural diversity which makes it Jdifficult to interpret
as one polytypic species or more than one. Consequentlv, several
classifications have been proposed to describe it. Marcus Ward
Lyon published & major study in 1913 which compared samples drawn
from all parts of thr veographic range of this species. The breadth of
this study enabled Lvon to achieve a broader understanding of the
variation in the larger sample by observing the biological variation
within local geographic populations. The emergence of several
overall patterns within the animal's total range led himvto suggest
a classification based upon a division into several taxa at the
level of species. Since then, Lvon's interpretation and classi-
fication has been substantially modified. The'end result of this
process of modification was a single species‘classification with
the nomen T. glis which was considered sufficient to €Nncompass

- ,

the variatio . Chasen 1940, Ellerman and Morrison-Scott 1951).
More recent -, the ingle species interpretation ".s cen criticized

as 1nadequat Tt basis of new materials (e.g. “:i.in 1966,

A

lCotnmon tree shrews are small, active eutherian mammals
with a superficial appearance similar to small North American
squirrels. Their behaviour in the wild is poorly understood,

but they appear to be diurnal, quadrupeds living on or near the
ground. Their diet is omnivorous, emphasizing insects and fruit.

2This classification follows Napier and Napier, 1967.
1



Flliot ctoal 1909) . As o oresult, the classi fication of T. ﬁl_Li

and our understanding ot the variation within the taxon must be

re-evaluated.

Untortunately, there are several problems confronting

this task. The studies which revised Lvon's classification
and the research which led to a ceriticism ol the revisions were
not as comprehensive as Lvon's original work and suffer trom
limitcg scope, lack of detai)f or poor design. Consequently,
it‘i%‘lmpnssihlu to properly evaluate any of the interpretations

5 ; ‘
or c¢lassifications. It i% clearly necessary to initiate a
series of new studies which would, ideallv, utilize all the
available specimens from the animal's entire range, and employ
as many characters as would be necessary to establish a classi-
fication. In this way some of the existing problems would be

alleviated and a clearer understanding of the biological variation

in T. glis would be gained.

A comprehensive rescarch strategy for this problem would
involve detailed analysis at three levels of discussion:
(1) the variation found within populations from local
~ geographic areas (collecting sites) and from the
entire geographic range (the entire population

~— from all locales),

(2) - the variation between the locales within the geo-
graphic range, and

(3) the taxonomic classification.



\|

The present studv analvees variation within populations ot

T. L"_I,,i;“ (Jevel 1.

This study is important in itseltf as anew analvsis of intra-
populational variation, bu. i1ts greater value is in providing a
crucial base tor discussions of variation between populations and
a classification of the common tree shrew (levels 2 and 3).  Since
these Ihttor levels of discussion ae concerned with the degree of
similarity and dissimilarity between populations, the study of
intra-populational variation is a necessary starting point for

[
two reasons. First, no two natural populations of animals can
he identical because of the nature of genetic inheritance. Thus,
an understanding of the range of variation which is present in
the populations being compnrcd will allow an estimation of the
variation expected between similar popﬁlations. Second, sinée
closely reclated populations cannot be entirely. dissimilar because
of the factors involved in their evolutionaryvhistory, the study
of variability within the populations aids.the interpretation of
the differences found befween them. An important aépect of this
second point is the actual degree of divergence and how it 1s

explained by evolutionary and classificatory theory. In other

words, the interpretation of the relationships between populatkons

should not be attempted until it can be placed into the context

of the variation within the same populations.

The present study begins this task of establishing a

context in which variation can be discussed by analyzing' a sample

<



of preserved skeletal material {from muscum sources. Although

it would be valuable to utilize all the available specimens from
the entire geographic ranpe of T. glis, the extensive nature of
sugh a4 study would be substantially beyond the scope of this
thesis. Also, since there appear to be several distinct geo-
graphic dreaé where the relationships between the populations

of T. glis are especially problematic (Steele, pers. comm.), it
would seem useful to concentrate on these areas. Accordingly,

this study was restricted to one such area, the Malay Peninsula.
\

The method of analysis is as follows. The range of
individual variation within each sex is examined and tested
for significant sexual dimorphisml The affect which the dif-
ferences in variability between the sexes might have on a study
of geographic variation is considered. 1In addition, statistical
summaries of the samples of males, females, and the combined
sexes are presented. These operations are performed on each
character separately, as it is represented in thg emire sample

.

of all specimens and the samples from local 7¢ lectin}y sites.

a

The purpose of this is to determine whether fone sex should be

preferred for taxonomic studies.

Former Classifications

The taxonomic history of the common tree shrew has been

dominated by three broad classificatory trends. The first trend,



which followed the first descriptions of the new forms by Diard
and Raffles, was a pvriod”33 description and identification,
beginning in the early part of the 19th centur. and lasting until
the early part of the 20th (contuarv.  Betore this initial period
ended, a second trend towards incorporating many of the known

taxa had developed. The culmination of this sccond trend was

the suggestion that the common trec shrew belonged to a single
species, T. glis. This has recently been criticized as an extreme
interpretation and a third. trend is developiﬁg in which some

\

researchers are again recognizing more than one species.

Lyon's major review and revision of the Tupaiidae (1913),
which was done‘towards the end of the period of discovery and
identification of new forms, greatly reduéed the number of taxa
recognized within the family. On the Maléy Peninsula, the revision
proposed three species of the common tree shrew: T. Elii’

T. lacernata, and T. belangeri. A fourth species, T. chinensis,
was also recognized 1n the area immediately adjacent to, and
north of, the peniﬁsula. (Lyon also recognized another member

of the genus, T. minor, the pygmy shrew, as being sympatric with
the commoa tree shrews in the southern portion of the peninsula.)
As a matter of convenience, and as a result of Féiriy well marked
similarities{ Lyon separated T. glis and T. lacernata from

T. belangeri\gnd T. chinensis, placing the species p;irs into

a Glis group,xénd a”Chinensis group, respectively (1913:}4—35):
(Both groups contained other species outside of the geographic’

area under consideration in this study.) Members of the Chinensis group



are described as generally greyish or olivaceous in colour, without

- bright markings, and with three pairs of mammac‘(igig535). Member s of the
Glis group are generally dark, ferrugineous, with a variably

coloured tail, and two pairs of mammae (ibid:35). Although it

will be useful to maintain these division in this discussion,

Lyon never regarded them as natural groups (ibid:34).

There are problems with Lyon's taxonomic descriptions
which make his reasons for adopting the classification unclear. v
His diagnostic characters, and also the characters used in his
key (igig:38—39), include the colour of ;he pelt, the number of
mammae, and certain relative differences in the size of the specimens.
A close comparison of his description of the diagnostic characters,
and of the more general descriptions which he provides for each

species, reveals a considerable aount of, overlap so that the
\

forms seem to grade into one another. The most southerly form,

% R
T. glis ferruginea, as described by Lyon, is clearly different
from the northern T. chinensis; however, in the descriptions of
the species between these forms there appeérs a gradual change

in the characters. For example, the actual distinguishing features

of the pelage in the allopatric species T. glis and T. lacernata

3%

were described in the subspecies of both groupé. The same . is
true of the nqn—discrete cranial characters déscribed by L}on.
Thé range of measurements for T. lacernata were well within the
individual range of specimens of T. glis. These similarities

in the allopatric species of the peninsula eventually led other

taxonomists to abandon Lyon's classification and to reduce the



number of recognized species on the peninsula.

This process began when Kloss reported on new specimens
(1918, 1919) and concluded that there was i "complete gradation
between the southern brightly coléurcd long snouted éupaiasr[iig]
with 4 mammae ("'ferruginea" forms) and the northern, dull short
snouted animals with 6 mammae ("belangeri" forms)" (1919:356).
Kloss' ferrugineé form referred to Lyon's Glis group, and the
belangeri form referred to Lyon's T. belangeri. This conclusion

led Kloss to

”rcgafd all of them as merely subspecies of one
species, T. glis of Penang, rather than to establish
the specific distinctiveness of the other animals"
(ibid.)

Kloss now had a classification with two species: 1) T. glis,
consisting of Lyon's T. glis, T. lacernata, and T. belangeri,
and 2) T. chinensis, which was Lyon's former species. This
transferred some specimens from Lyon's Chinensis group to the
Glis group, but left out many specimens  which were transferred
scme 30 years later. Given the overlap between Lyon's allopatric
spc ies, this breaking up of the Chinensis group is surprising.

Kinse' reason for excluding the rest of the Chinensis group was

the oo - great reduction of the coloured neck strip in the
spe-iner )5 but Lyvon, who did not consider this a diagnostic
chara-:er 1 in his descriptions that the reduction was

grad al v~ -5 o north [ .3). Kloss did nof explain why

he believed s “p coula i used to identify species,



and it is unclear why he made a‘distincrion where he did.  Kless
neglected to discuss the gradation in the character which was
found in pyon's}spccimens. He also neglected to discuss the
other characfers u;éd'by Lyon or why they were not useful in

A .
establishing the new claégification. An important example of
a character ;hat should have been discussed was the numbér of
mammae, since Kloss no longer used this as a diagnostic character
fo? the southern animals. In the new classification, the norﬁhern
subspecieé of T. glis had phe same number of mammae as the Chinensis
group, but they differed in thigscharacter from the other sub-
species of T. glis. Since Klqss did not explain why this character
was not diagnostic, later taxonomists (e.g. Martin 1966) again

suggested,,withoui the benefit of his criticisms, that mammae

counts were an important indicator of taxonomic relationships:

The inclusion of other groups into the T. glig,taxon was

- continued by Chasen (1940) and by Ellerman and Morrison-Scott (1951).
Chasen's work, wpile informative about tﬂe range of variation

withinT. glis only confirmed Kloss' conclusions of 1918 and 1919.

Chasen was using the hypothesis that peninsular‘species usually

exhibit a gradation of forms along the length of the peninsula,

and he attempted to show this for a f;una which inclu&ed‘the

species T. glis (as recognized by Kloss); héwever, he concentrated

‘on the animals pelage, while admiﬁting‘that he did not understand the
pelage changes‘and distribution, except in a very bro&d manner (1740:8) .

His main contribution to the taxonomy of peninsular T. glis was to affirm

the gradations in pelt calour and to comment on the H fficulties of using this



character to distinguish the various groups in the peninsular
region. The study by Ellerman and Morrison-Scott incorporated
the remainder of Lyon's Chinensis group into the T. glis taxon,
commenting that there was

'no certain colour distinction between be&langeri

[i.e. the Chinensis group] and races referrable [sic]

to glis ... and it seems that there is little essential

difference between the southern glis races and the
northern belangeri and its allies" (1951:9).

Unfortunately,vthey_did not discuss this further and the super-
ficiality of ;heir statement contributed very little to our
understanding“of the common tree shrew. The revisidg appears

to be a further exaggeration of the use of pelt colour as a major
character for reducing the number of species, yet Ellerman and
Morrison-Scott do not discuss their use of it to establisﬁ the
subspecies. Although this revision represents a further de-
emphasis of Lyon's taxonomic characters, it does not discuss

the rationale behind the choice of characters. Two fundamental
criticisms of Ellerman and Morrison-Scott's revision of T. glis
are that they do not document their analysis of the specimens, »

and their references to the works of Lyon, Kloss and Chasen are

inaccurate.

-

N Thr0ughoup these y;ars of revision, Lyon f1913) fémained
the chief authority on the common tree shrew, although his classi-
fication was altered substantially._ Over the Years, new inférmation
has been published on specific collections or groups but there

has been no study comparable to Lyon's well documented work.



10

In 1960 this changed with the appearance of Hill's highly quan-
tified ;nalysis of pelt variation in T. glis. His study'showcd
a rather smooth clinal variation in pelt colouration nlong‘the
peninsula and into Indochina. The northern form was clearly
distinct from the southern form, but a series of geographically
intermediate specimens showed the change to be gradual. The
allopatric subspecies of T. glis were shown to vary\within a
standard deviation of thelr neighbours, and island populations
also followed the cline, although on slightly‘staggercd isophenes.
The study concluded that the taxonomic use of ﬁelégcolouration
was not justified fornthe erection of subspecific taxa. Since
pelége was the prime diagnostic character for the taxonomic sub-
9ivision of T. glis in the revisions of Lyon's classification,

Hill's conclusion was sufficient to throw the basis of the new

classification into question.

A study of tupaiid reprodugtion by Martin (1966) further eroded

the acceptability of the revised classification. Based upon

his study of the tree shrew's absentee maternal system, Martin
suggested that mammae count»is a very important taxonomic character.
His study reported that the mother permitted the young tree shrews
very short (10 minute) periods of suckling, followed by a long
(48Uhour) intersuckling.period‘during'which the mother was

absent fromrfhe ¢st. Martin also reported a correlation between
litter size and the number of mammae in which the northern animals,
which poséessed three pairs of mammae, more frequently had triplet

births than did the southern animals which posseséed two pairs of



mammae and exhibited a more frequent pattern of twinning. These

observations led Martin to suggest that

"in light of the extreme suckling mechanism demon-
strated in this paper ... it would appear that this
character [number of mammae] may be of great [taxonomic]
importance. Until the whole question has been re-
examined in a field study, no binding decision can

be made about speciation of Tupaia on the Malayan
Peninsula."

Martin goes on to suggest that it would be best to maintain the
distinction between-a northern species which corregponds to Lyon's
Chinensis group, possessing three pairs of mammaﬁ ﬁﬁd a southern

group, T. glis, with only two. ﬁgirs\of mamma e 9, tin 1966:415) .

S

Martin was cautious in his’ taxonomic statgmenté; however, in
returning to Lyon's classification, he misinterpreted it greatly

by identifying Lyon's Glis and Chinensis groups as species. Lyon

felt these groupings were arbitrary divisions and never indicated
that they might eventually be recognized as separate species. This
single error by Martin left unanswered mény questions concerning
the nature of the variation within his two species. Just as other
taxonomists had ignbred_Lyon's use of mammae numbers as a taxonomic
character kiﬁlﬁ:)’ Ma;;;n in tﬁrn ignored the rest of Lyon's char-—
acters.g_Thus; Martin's cautious sﬁggestion to returﬁ to a former
classification is not a clear solution either,.and his main contri-
" bution must be restricted to his insights regarding the value of
the suckling mechanism and mammae counts as an‘important taxonomic

complex.

11



Another source of difficulty for rho‘singlo species classi-
fication arises from several karyological studies (summarized in
Arrighi et al 1969 and Elliot SEA31_1969) which point to a problem
of chromosomal variation-in the peninsula T. glis. The variation
is expressed as a diploid tount of 60 chromosomes in specimens
from Kuala Lumpur, Malaya, and a count of 62 for specimens from
Thailand. Napier and Napier atribute the differences 'to poly-
morphism or to unrecognized speciation" (1967:333); however,
Elliot et al are more definite and support the contention that
there are two species involved:

"T. glis ferruginea (Raffles 1821) of Malaya and

T. chinensis (Anderson 1879) of Thailand are separate

species, the former having 60 diploid chromosomes,

and the latter 62 chromosomes. Evidence has not yet

been presented that disagrees with the above state-

ment, and at the same time documents the source of
the specimens' (1969:156).

‘Unfortunately, data is only available from two locations and it

would be premature to reach any conclusions until there is more

information from intervening areas.

‘ Thé conClpsions in Arrighi gg.gl_(1969) are unsatisfactory

L
i

in a different mahner. These authors correctly note that the
chromosomal variation can be uvsed tosubstantiate taxonomic ciassi—
fications, and then go on to use the evidence which they present

to support Lyon's 1913 classification of the species T. chinensis.
and T. glis; however, they support it without discu§sion of the
Iimportant revisions which occurred after 1913, and without comment ing

e
on the effect these revisions had on reference work used by the athors.
¢ . .
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Thus, they fail to convince the reader thut the classification

which they accept is valid. This, in turn, \creates doubt over

their use of the chromosomal variation as an indicator of species ..
identification. The authors complicate thé situation further by
correcting the classification used in a previous study on the
basis of thgir own taxonorm' -assumptions (1969:206): Again, this

type of classificatory revision is inadequate until more is known

about the variation in intervening areas.

Fiﬁélly, another study of variation;which; like that of
Hill was well quantified and used a broad data base for its res:lts
was ;arried out on the dental variability of the Tupaiidae by
Steele (1973). Steele was not ébncerned with the problem of
the classification of the common tree shrew specifically, but
his results provide another illustration of the problem with
such classifications. Using the technique of simple matching
céefficients, Steele construéted a dendrosram to show levels of
similarity within the family (ibid:fi; t*. The highest level
of similarity in this figure which did not mix other species
with T. ﬁiiiiincluded all of the peniﬁsular forms of T. glis
in one phenefic group. This appears to support the single
species classification; however, the same level of similarity
did.ﬁof‘include all the forms of T. glis from the Oriental
Region of Asia that were utilized in the study, thus contradicting
the single species classification' as it is underétood in other
parts of the animal's range. The phenetic group which did include

all these forms of T. gl'is also include other species of Tupaia.



So the phenetic dendrogram cannot be used to clearly support a
multiple species classification anymore than it can be used for

a single species classification.

This critique has mentioned the three main trends in the
4
taxonomic history of the common trec shrew, as they pertained to
the Malay Peninsula. It has also discussed some of the major

“

sources of confusion that have led to a situation in whicp taxon-
omists feel uncertain about the systematic relationships getween
populations of the common tree shrew, and consequently, differ

on what is the proper way to represeﬁ% the relationships in a
classification. From the discussion it is clear that the scope
and design of the taxonomic studies, with the exception of Lyon's
revision, have left”fhem with major problems. Studies such as
those of Chasen (1940) and Ellerman and Morrison-Scott (1951)

did not present an exhaustive criticism of Lyon's conclusions,
nor did they present their own data for evaluation and criticism.
This maae their‘treatment ot the material appear superficial and
,prevented future taxonomists from using the studies to properly
evaluate-lafer criticisms of the single species classification

or the alternatives suggested. Other studies such as those of
Martin (1966) and Elliot et al (1969) bu.c -heir classificatory
criticisms and suggestions on geographically limited samples.
Although this created problems for extending the interpretations
to other geographic areas, in fairness it should be noted that

neither study was primarily- concerned with the taxonomic problem

of T. glis. Nonethéless, it was these studies which brought the
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single species classification into question.

The remainder of this fresentation is intended to begin
the{process of clarifying the relationships between the various
pobulations of T. glis. It is hoped that by utilizing a large
sample from manv parts of the Malay Peninsula, and by carefully
documenting the statistical analysis, the presentation will avoid
the problems inherent in the previous studies. The results of
this specific study of a circumscribed geographic a}oa should be
useful to later taxonomists in the development of a more accurate

classification of the common tree shrew.



Chapter 2

METHOD
The Sample

The sample consisted of 397 adult skeletal specimens of
common tree shrews which would be included in the taxon T. glis as
recognized by Napier and Napier (1967). The specimens, which were
collected by a number of field workers on the Malay Peninsula, have
a fairly wide distribution 1in both time (over a c;ntury) nd space
(Thailand, Burma, and West Malaysia). As the author did not have
direct access to the original specimens, all the meésurements used

here were taken by other researchers.

Sources of the Sample

Data on the sample were drawn from the materials of
Dr. D. Gentry Steele and Lyon (1913). Steele measured 108 specimens
in the collections of the United States National Museum, Smithsonian

Iqstitution. He recorded data for 21 characters from each of those

~ypdividuals: three measurements of gross‘body length, and 18 of

cranial characteristics. All his measurements were in millimetres.
Since these specimens are the most completely describe -ombers

of the study sample, they form the basis. of the data used in this

'study; however, since Steele's material was not collected with

the present problem in mind and, therefore, did not contain many

sites with large individual sample sizes, it was necessary to-

16



supplement the sampfe with specimens from other sources. Lyon's
revision of the family (1913) provided dta on.m additional 289 specimens
whgch were appropriate for this study. This increased the sample
sizes of many sites and offset the limitations of Steele's data.
Unfortunately, Lyon did not provide measurements for all of the
characters used by Steele and the completeness of the data available
on his specimens varies. Lyon measured an additional dental character
(the length of the maxillary tooth row) and this raised the total
number of cha;;:;;rs to 22. One of the collections measured by
Lyon’came from the Smithsonian Institu: i and Steele duplicated

some of the measurements taken earlier by Lyon. <Occasionally,

Lyon provided a measurement on one of those specimens which was

blank in Steele's records. These were added to the data. Measure-
ments taken by both workers on thé same speéimen were compared for
accuracy. The main difference was found to be in the degree of
precision: ﬁyon's.me;surements were generally rounded off more

than those taken by Steele. The general rule followed in this

study was to give preférence to Steele's work because it formed
an‘important core of mea5urements.carried,out byba singlevobserver.
Fortuﬁately; disparities betwegg}Lyon and Steele were minimal and

B )
did not create any concern over the acceptability of any measurement.

Selection Criteria

Four criteria were used in selecting specimens for the
study sample. First, only adult'specimens were chosen. Age status

was determined by either an actual record (e.g., the museum OT
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collection card) which stated that the animal had been adult; or,

by some other information (usually the presence. of all the permanent
teeth) that indicated a mature specimen. Normally a study of
variation would include all age classes in order to document deveiop—
mental Variation; however, in the present sample there was insufficient
information to make divisions among the immature animals. Further-
more, the few non-mature individuals that were available were widely
dispgrsed and could not be groﬁbed into a significant study sample.
Since mammalian adulthood is partially defined by the cessation

of growth this criterion of adulthood provided a saﬁpie of animals
~that were all in the same relative stage of os;eological development;

This criterion established a developmental standard.

Second, the measurements of the accepted specimens had to
- %

be in the metric ,system. If specimens had original “measurements
taken in the English system, the specimens were rejected. This
critérim reduced the possibility of compoﬁndipg rounding errors.
First, all measurements are approximate and tﬁe older ones recorded
in Lyon (19.3) seemed to be less precise than those made by Steele.
Second, conversions betweén the two systems usually entail somé’
rounding off of the final result. The effect of these two sources
of error (estimation) could be an undesirable element of imprecision.

Therefore, the criterion increased the confidence in the data by

minimizing the number of times a measurement was rounded.

The third criterion required every specimen to be geographi-

cally located by a collection site which could be identified in a

18



gazetter (United States Board on Geographic Names, 1966a, 1966b,
1970).~7Preferab1y, the location was‘a town or a hill; however, a
few specimens were only identifjed at a more general level such as

a political division or geographic region. ff no specific collection
sites were identified within one of these divisions, then the speci-
mens from the area were‘admitted into the sample as if they belonged
.to a single collection site. In cases where the specimens were
identified by a broad area (e.g., a state) and also from specific
collection sites within that area, only the latter, more precisely
identified specimens weré accepted.‘ In every case information waé
requi;ed to describe the locition by‘an official spelling, énd an
official latitude and longituae. Appendix A liéts all the official

names and locations of the sites.

The fourth and final criterion was that the location site
had to be in an area relevant to the taxonomic problem (as discussed
in Chapter ,2e). Since the controversy centres on the northern

portipmof the Malay Peninsula, it was reasonable to choose sites

from the la and the Indochina mainland to the north of it

(Fig. 1). \t happened, the distribution of most of the available

'

sampled sites was restricted to .the countries of Burma, Thailand,
and (West) Malaysia, Some sites lay outside this designated area‘ --
but their inclusion was inappropriate for several reasons. North

of the study area, the sites were very few and scattered with

y
7

samples consisting'bf”only one or two individuals. Furthermore,
most of these specimens came from Lyon (1913) who provided few

measurements. - The same problem occurred to the immediate east.

-
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Still further to the east and in Vietnam, there were many sites,
with good representation of specimens and measurements. This was
especially so in the south. Two problems made it preferable to
exclude this sample from the Study. First, the Qietnam_tree shrews
appear to be in a region with another particular taxoﬁomic problem
(Steele, pers. comm.) and should be studied~in detail. Second, a
geographic break in the continuity of collecting sites occurred
between the study area and the Viefnam sites and this artifiéially
separated the two samples. Both these problems could distort an
analysis and dbscure'the relationships of the.;opu%ations on the
peninsula. Thereforé, thé)ébééimens from the‘east were excluded.
To the south of the study area some of the ;ites were well sﬁmpled
island sites, but insular isolation is a majqr potential source
pf variation and samples from the more distant islands Qere not
used. For example, the large island of Sumatra is suspected to
have its own péttern.of variation (Steele, pers. comm.). Again,
this would cause difficulties for a study of the peninsula. The

smaller islands laying near the peninsula were included in the study

area because of their close proximity to the mainland. Fig. 1 is

»

a map of the area illustrating the locations of each selected site.

Fig. 2 shows only those sites named in the tables.

Characters and Measurements

The measurements of the following standard structural
characters were used (see Fig. 3). They were not available for

all specimens. )

/e



10.

11.

12.

13.

14.

15.

16.
17-

~18.

- the orbit).

21
Total lengt taken at death).

Tail len aken at death).

Bodynle derived by subtracting the tail length
from the total length.

Foot length.

Condylobasal length (measured from the condyles to
the alveolar border of the first incisor).

Palatal length (measured in the midline from the
posterior aspect of the palate to the alveolar border
of the first incisor).

Cranial length*(obtained by subtracting the palatal
length from the condylobasal length).

Maximum width of the skull (taken at points above the .
auditory meatus).

Bizygomatic width (measured at thé point where the
post-orbital bar joins the zygoma) .

Biauricular width (measured from the inferior aspect
of the external auditory meatus). :

Interorbital width (measured at the narrowest-'point)..

Orbital .length (measured as the maximum length of

3

Orbital width (measured at the narrowest point].

Height of the brain-case (taken anterior to the
auditory bullae). :

The distance from opisthion to opisthocranion (measured
from the median point on the posterior margin of the
occipital foramen to the most posterior point of the
skull away from glabella in the mid-sagittal plane,
excluding inion).

Molar row leﬁgth (measured from the first molar to
the third molar of the maxilla).

Bimolar width (measured at tﬁe alveolar border of the
second maxillary molars).

Incisor width (measured at the alveolar border of the
second maxillary incisors). '
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19. Length of the molar rooth row of the jaw (measured
from the first to the third molars of the randible) .

20. Jaw length (measured from the alveolar border of the
first incisor to the posterior aspect of the angle).

21. Height of the ascending ramus of the mandible.
22. Height of the mandibular condyle.

23. Length of the maxillary tooth row.

Lyon (1913) did not provide descriptions of his measurements, but
it is assumed that they followed the traditional procedures described

above and followed by Steele.

The following differences wé®re\discovered betweeﬁ the set
of measureme: s used by Lyon apd by Steele. (i) Lyon used tail
length, and head and bOdy length while Steele used tail length and
total-lgngth. To maintain a standard coﬁputer card format, Lyon's
‘two- measurements were added together for the total length and the
measurements for head and body length ;ere discarded. This allowed
the use of a computer programme which Fould then‘work on both Lyon;sh
~aﬂd,Steele'sldata in a single run. ‘The programme subtracted tail
length from total length to reproduce head a%d body length. The
entire procedure gave more-information.than‘waé available from each
source sepérately. (2) #or one character Lyon usgd the term 'hind

w

food length'" while Steele used "foot length." t3) For anbther‘

charCter Lyon used the term ''zygomatic width''.while Steele used
omatic width.”‘ (4) QAgain, Lyon used phe.term:”width'of the
brain—case"ywhilé'Steele used "maximum width of the skull."

Lyon's terms in these last three points are considered to be
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synonymous with the corresponding terms used by Steele. (Steele,
pers. comm.). Furthermore, where both reséarchers measured the
same specimen, the measurements reported by Steele coincide well
with those of Ly.on. (5) Only Lyon lists "the length of the

maxillary tooth row" (character 23).

Steele described measurements 1, 2, and 4 to 22; while
Lyon prdvided data on measurements 2 to 5, 9, and 23. The computer

produced measurement number 3.

1

All measurements are in millimetres. - Measureme. er
1 to 4 are accurate to the decimal point; measurements nur v > "0

23 are accurate to one place to the right of the decimal.

S

Statistics

Parametric statistics were utilized in analyzing the
preéent data sincé they are considered more powerful than non-’
parametric statistics. Howe?er, before parametric statistics
can be utilized, it must be shown that the sample being examined

was randomly selected from a nofmally distributed population.

- N
h

Randomness is a basic technique of controlling bias in
'statisticél samples. It refers to a process which ensures that
each selection made during thé sampling of a pdpulation is in-
dependent of all other selections.’ In this way, any systematic
bias in collectioh ishavoided. Random selection also permits
the use of'prébability statistics to make inferences from'fhe

sample to the population (Freeman 1965:143). Usually this technique

23



involves the definition of a population, ‘the identification of
individuals in the population by numbered lists, and the selection
of specimens by means of a randomized list of numbers which

hY

correspond to the identification system.

In the biological sampling of wild animals it is often
impossible to proceed in -this manner. In the present study,
for example,.a total collection of all animals would have been
impractical because of the large geographic size of the ﬁ%oblem
varea, and efhically undesirable Fortunately, there are other
methods of sampling wild populations which can accomplish the
most important effect of random sampling; that is independent
~selection of individual specimens. One method is the utilization
of cqntrolled trapping techniques which was obviously impossible
for the present study, since it relied on secondary sources of |
data. Nonetheless, an examination of the history sur;gunding
the sample does indicate that the cdllection‘of'individﬁélg
was largely independent and that the assumption of randomness
;s justified. The study collectibn was accumulated over a
,century of field work: Lyon}s oldest specimen was accessioned
by the British Museum in the 1860's, wﬁile Steeie utilized
specimens from the 1960's. Lyon e*amined;the collections from
the Smithsonian Institution and ten other museums (Lyon 1913:1),
while all of Steele's specimgné belong to the Smithsonian Insti-
tution. The number of research personnel involved in compiling

.the collections of 11 museums over the span of a century must

have been high. Therefore, it is_very likely that any individual
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bias would have been obliterated. Natural bias, such as a pro-
pensity for one type of animal to be captured more easily,

cannot be ruled out so easily; yet‘the nature of such behaviour
makes it a problem that even a systematically random collection
method would find difficult to avoid. However, the long duration
of the collecting and the variety of collection techniques tend

to work against such a bias.

There are several ways to’démonstratq the second assumption
of parametric statistics: that the sample has a normal distribution.
It is particularly important to demonstrate this because of the
. suspicion that the sahple may be composed of individuals from more
than one species, and-prbbably from more than one pobulation (as
defined at levels‘below the species category). The question concerns
the ﬁormality of a statistical population for the purpose of statis-
tical testing. It is a separate issue whether the statistical |
population belohgs to only one biological population or not. Both
rbrobiems are ultimately linked, but foi/Iﬁls stage of analysis i{
is only necessary to-provide a';ationale for the use of a certain
type of statistic. This was accomplished by constructing histo-
grammes of each character by sex groupings over the entire sample
(Table 1). The histogrammes demonstrate the properties of a
normal distribution (Peatman 1963:66-67). (1) The distributions
appear to be unimodal. (2) They are nearly bilaterallyAsymmetrical.
(3) ° The means.are central in the distributdion and many means are in
the exact ceﬁtre. +(4) The values of the mean, mode, and median

are very close. (5) The tail of the curve resembles a hypotheticél

»
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normal curve which is asymtotic with respect to the abscissa axis. .
(6) The mean * 2.5 standard deviations account for approximately
99% of the area of a normal curve. Three standard deviations

(99.7%) should and do account for the entire range of measurcments.

The statistics

The following statistics were used: = (1) sample size (N);

o ™

(2) mean values (X); (é) standard . deviations ($.D.); (4)  minimum-

maximum values; (5) coefficient of variation (C.V.); (6) Fisher's

~
1

ratio (F - ratio).

Most of these statistics require little discussion as they
are widely used and well known. .The method of calculation will

simply be noted with certain comments.

(1) N is a straight forward description of the number
of individual measurements being used in calculating the statistics
for each character. Comments on the problems associated with the

size of the samples are made in a later section.

(2) Mean values: N
, v Ix
Y‘i=1

N

where X is an individual measurement.

(3) Standard deviations:




This is an index of variation appropriate to metric data. It
reveals how widely the distribution varies around the mean; thus,
providing ar index of the value of the mean as a summary of the
distribution (Freeman 1965:60). It also provides a basis fér

. - . . . . . .
other more complex statistics, such as the coefficient of variation.

-~

(41/,Minimdm—maximum values provide the absolute limits

of the distribution of values in the sample.. This providés useful
r‘.‘\'/ \'

information on the observed range and it is important in establishing
classes 6f individuals. It must bé remembered that the value of
’these»statistics as measures of dispersal and variation is limited

by three factors: 1) they have an obvious dependency on sample

size (e.g., where N = l'the range -and wiriability is 0); 1ii) any
collection of more than one specimen has a minimum and maximum

value, but there is no reason to extrépolaté that they are }epresen—
tative of a population; iii) the chanCes of collecting determine
these values; it is unlikely that the largest or smallest indivi-

duals of the‘population would be represented (Simpson, Roe, %nd:

Lewontin 1960:79-82).

(5) Coefficient of variation:  C.V. =_199:§;2;
o X '

This provides é relative measure of variability. Tﬁe S.D. 1is an
absolute measure interpreted in tﬁe original units of measuremeﬁf.
It cannot be compared to an;thinngther th;n measurements taken
in_the same units, on’the s: » class of individuals and for the

same character. The equation for C.V. cancels out the unit of

b
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measurement, providing a measure of dispofsal that allows comparison
of different tharacters and/or different taxa. It assumes that
absolute dispersal (represented by S.D.) is relative to the mean.

The equation effectively uses this to transform the absolute into

a comparative statistic. (Ibid. :89-91)
; E—

- _ (6) Fischer's ratio‘belongs to a family of F statistics.
All serve the function of testing for significant differepccs
between populations. A well known example from this group is
Student's t - test, which is a special case of the F statjstics
(Freeman 1965:209). The computer programme which calcula(ed %he
F - ratio useddheré (Dixon 1968) does not provide a formula. The
v:qélculated statistic waé observed to actually be the ratio of the
T~

mean square of variance between samples over the mean square of

S C.yes

vériance wiphih.tbe sabple. The prégramme prévided both squares
while a hand calcuiatQ¥ proved that the ratio provided the F
. p .

statistic. : - )

F statistics are the'only appropriate tests of significance
for data arranged in;ﬁomihal (sex classes) and interval (millimetres)
scaies (Freemaﬁ 1965:209). There are several such statigtics
available that could perform as well as the one used here. This
particular F - ratiovwaé picked oq;account of its éyailability in
a pre-packaged programme . ;Oné éitefn§ti§e, Student's t - test,
is the usual test when only twé nominal classes are béiﬁg considered
while the F - ratio is more often reserved for compérinns'of many

nominal classes. They are not really different tests, and provide

28



equally good results. Freeman describes the t - test as merely

N

R

being a special case of F where ;3 = F {op cit).

Peatman gives the following assumptions for the use of F
statistics: 1) obser . ions {specimens) are independent of one
anothcr;‘ i1) the sﬁ%plc comes from a normally distributed population;
ii1) the populations to be compa;cd (the scx?s) have the same
variance; 1v) measurements aré in the intcrvui scale (19h0:319‘ff).
The first two asgumétions have already been discussed and accepted.

The fourth is obviously valid. The evidence for ;hqiihérd;‘n'ﬁomoﬁ

geneity of variances, derives from a comparison o: the C.V.'s of
the two sexes (see Tables 1 - 24). Since the coefficients are very
similar, the assumption is justified.

The form that the significance tgst will take is as follows

(after Freeman's suggestion, Ibid:208).
. g _— N

(I)I‘Hypothcsis, Hy: There is a’ssexual dimorphism in char-
acter X in sample Sy at site Y. Wheréux‘iﬁthe particular character
being tested, Sy = the particular sampléﬁﬁf Tite Y and to which

the individuals exhibiting X belong, Y = the collection site of Sy.

(2) Null hypothesis, Hy: There is no significant difference

between the sexes for X in Sy.
(Y .

(3) Test: The F - ratio, for reasons already stated.

“(4) Significance level: Let a = 0.05 when testing the

sample sites, and for the comparison of each to the entire sample.

29
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(5) Sampling distribution: F is distributed according to

the appropriate table in freeman (Ibid., Table H).

(6) R m of rejection: The region of rejection consists
.of all one-tailed values of F which are so large that they are
likely to occur: i) less than once in 100 samples when Hy is true
and where o = 0.0t; 1i) less than 5 times in 100 samples when Hg
is true and where a = 0.05. The degrees of,freédom (Df) are set
by the computer according to these formulae: Df forbvariation
bet@een samples (Dfp in Freema;’s tables) = 1; Df for variatién

within.sampleg (Df,, in Freeman's tables) = N - 2.

Certain features of this test form require further explanation:

(1) The significance level is set to avoid two types of
error. Type I is the rejection of a true Hy, Type II is the failure
to reject a false Hy,. The first is alleviated by setting a high‘
‘alpha level of signiffcance, e.g., 0.01, so that the mistake might
happén in only 1 case out of 100. (The probability of arzype I
error is approximately equal to alﬁha (1212:154)7) ‘The probability
of a Type_;I error is difficult to determine but is reducéd with
the leyel 6f alpha (iéiéf154’155)' When the risk of a Typé IT
error is suspected to be great then alpha should be small. The
risks of either types of error are inversely related to one another
and dependent on N (ibid:156). When N is small a Type Il error is
greatest. When N is increased the chance of a Type I error becomes

greater. The N of the entire sample of T. glis may be considered

large; hence, a Type I error is the greater risk and alpha is set v::H :::
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at 0.01. The N of the site samples is small, often very small.
A Type II error i# avoided by setting a = 0.05. For the sake of
comparison with the sites, a second alpha at 0.05 is applied to

¢

the entire sample.

(2) F 1is used as a one tailed test only when the diréction
of the significant difference is known. The descriptive statistics
provide this information by showing which sex is larger. It should
be justified and more accurate to rephrase Hj and Hy as in.the

following examples:

"Hy : Males are larger than females in character X ...

Hy : Males are not larger tha~ females for X in Sy."

(3) Dfy is defined as C - 1, with C being the number of
nominal classes involved. Here C = 2, the two sexes. Since the

number of sexes are consistant, Dfy is always 1.

(4) Df, is an accumulative degree of freedom for each class
taken individually (N1 - 1) + (N2 - 1) + (N3 - 1) +'... Here only
two classes are involved and Df = (Nfemale - 1) +'(Nmale‘— 1), or

(Ncombined - 2).

“Calculations

Calculations were done by computer programming and the use
of a hand calculator. The Biomedical Computer Program BMD:07D
(Dixon 1968) was run on the IBM 360/70 computer housed at the
University of Albertaﬂ This programme provided the X, S.D.,

~minimum-maximum for the combined sexes, N, F - ratio, and histo-
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grammes used here. Minimum - maximum values for ecach sex separately
were taken from the data through personal observation. Coefficients
of variation were found using a Commedore GL 987R electronic cal-

culator.

Problems associated with Sample Size

Statisticai procedures“used here obviously depend upoﬁ the
size of the sample which is being ‘described or from which inferénce
is being made. The size of the available samples create an imporfanp
problem for the anaiysis used in this research because of the

limitations placed on the statistics.

Sample size and the effect of chance bias seem inQérser
related: as»N increases, the effect of bias should decrease,;
although, the actual sahple size does not need to be large t§
obtain reasonable results. Simpson and Roe found an N of 10 (and
sometimes‘eveh N = 5) acceptable so long as it was realized that
it is a less accurate estimate of the population then N = 30, or

N = 100 (1939:99). .

The size of the sample available at any one site for this

research varies considerably. Out of the 99 sites used in the

y A\
entire sample, 44 are represented by 1 specimen, 14 by 2 specimens

(sometimes of only one sex), 30 sites have no more than 9 specimens,.
10 have from 10 to 20 specimens, and only 1 has more than 20
(N = 24) specimens. Obviously the very small samples require

caution. The limitations must be kept in mind, and alternative

..
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methods of alleviating the difficulties examined.

The problem with the sampie size is'most acute for the
F - ratio. It tests the significance of differences found amongst
groups and the effect of N is more obscure than for the other
statistics. It is useful to note here that a significant result
from the F - ratio is rgliable no matter thé‘sample size (R. Wéingardt,
analyst, Computing Services,‘UniverSity of Alberta, pers. comm.).
This is because the probability of rejecting a true H, is determined
by a and not N (a Type I errdr). Unfortunately, the reliability
of non-significant results decreases wirh N, i.e., the probability
of a Type II error increases. Therefore, the problem of N most
severly affects the conclusions that can be drawn about an in-

»

significant F - ratio.

There are several ways to deal with the problem of sample

"

size; the four major ones will be discussed.

The first involves ignoriﬁg‘small sites‘(e.g., only sites
with N of iO.or more could be analyzed). There are 11 such sitd¥y -
4 have N equél'to or'greater than 15, 1 is larger than-20, and
none are larger than 30. They are spread out ‘across the sample
area with a major break in the northern penlnsular area (see F1g 4).
Thisfis the potentially rmportant geographic area for this study
of I::Eliia and it would be unfortunate not to have it represented.
Tﬁe method would test the nortﬁ - south extremes of the distribution
but most of the.sites are located on island;. Island variation

AN

could be influenced by geographic jsolation from the mainland population.
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Thé high proportion of such samples would reduce the future value

of the analysis. Another drawback is that the procedure-reduées

the amount of information available from F tests. Significaht
results of §ahp1es with less than 10 specimens would not be reported.

These shortcomings made the method unacceptable.

Secondly, sites could be grouped by dividing the area iﬁto
arbitrary sections. A prime example of this method would transect
the area latitudinally, e.g., tb take all specimens located between
two successive 1gtitudes. Another example would be/to eétablish-a
grid, using the latitudes and longitudes as the axis, and to take
all specimens found within each square as a single sample. The’
advantages .of this mode éf lumping are: 1) {1 is objective oncei
the size of the grid is established; ii) it doés_increase‘the
size of each sample. The disadvantages are: i) it cuts across
known ecological and gébgfaphical boundries; e.g., mountain ranges
and coastal plains; ii) sdme-units lump mainland sites with potentially
variable island sites; and 1ii) it does not result in a very marked
incréase in‘sample size. As an example, "a lérge grid of 2 degrees
latitude by 2 Q¢grees longitude and with one cp-ordinate at 2° North,
100° East was established.. Théfe were 12 squares yith a sample of
¥;ore than 10 specimens. This is an improvement\of only 1 over the
original;collection site units. Tﬁe specific breékdown of these
squéres is: 8 had at least 15 specimens, 4 had at léaét 20~Speci—
mens, and 1 had more than 30. Comparing this to the.figures giVen

" before, it can be seen that there is a slight improvement, but it

may not be worth the mixing of specimens. from very different enviromments.



Thirdly, given the concern that there might be strong
environmental ‘influences adding variability to arbitrarily grouped
samples, it.was logical to examine ecological information for:”
criteria that might provide more control. The objective was to
develop ? rationale for grouping sites by ecblogical simi1arities.
'Unfortunately, the precision and the usefulgess of the inﬁprmation
was limited. Single, isolated research $tations usually provided
the data for specific areas. These stations rarely corrélated
with the particular sample sites used here, or even to their
. immediate vicinities. It was necessary to make assumptions about
the applicability of the nearest station's reports, and since
most sites. had no station élbse‘by, this weakened the assumptions.
Further, the stations primarily reported on the weather, making
possip}e the éstimatidn of ‘'only very simple grouping criteria.

The best work (Holdenridge, et al 1971) allowed sites to be pin-
pointEd to a fairly detailed description of vegetafion, weather
and soils; however, this work only covered a small numbef of sites
and a comprehensive scheme couid.not be deVelope&. Accounfs of
llargé areas were available from'atlases and government reports.

These provided a rationale for tying major regions together but

the congruity between the sites was imprecise. These problems

made it impossible to delineate ecological zones that were reliable.

Ahiattempt"to use the environmental information would itself become
arbitrary. It would not remedy the problems of the methods dis-

cussed above.

35



A fourtg method would examine each locale separately,
irréspective_of sample size, althoﬁgh the-analysis would use
small samples cautiously. This is the chosen method. It provides
statistics for the entire sample (Table 25) and analyzes the vari-
ability at each site in comparison to the whole. Even though
not all sites are useful to the analysis of individual variation,_
it is clear that even a site with jus£ 2'-A3 individuals will
provide ; more compléte pictﬁre, especially for later studies of
geographic and taxonomic variation: For example, significant
results for the F - ratio are useful in this study no matter the

sample size and should be included.

The following groups are exceptional cases where two or
more sites were lumped into one sample. The justifications for

permitting these exceptions to the method are included in the list

below. ®

- (1) Singapore, because Steele's sample was already lumped,

and all specimens came from a single island.

’

"(2) Pulau (P.) Batam, because adequate identification

locations were not available for the collecting sites, and P. Batam

¢
N

is a single;“SmEIIVisland.

:ﬁ~-,QS);;ngTerutau,:Bécause it may have already been lumped

R

to some extent, and the specimens came from a single small island.

Also, the site -of Udéng, Terutau could not be identified any closer

‘than to the island itself.
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(4) Kawthaung area, because all locales were within a

small radius (ca. 10 miles) of each other, and it is a point of

land without any noticable feature to break up its uniformity

(Nuttonson 1963b). !

- (5)  Mdulmein area, because all locales were within a

R

small radius (ca. 20 miles) of each other on the road to Moulmein,

and there was no evidence that this séction of road passed through

diverse terrain (Nuttonson 19633).'



Chapter 3
RESULTS
The aata are analyzed in 27 taples. Table 1 provides
histogrammes of the data for each character, and was discussed
in Chépter 2. Tables 2 - 24 summarize the Mata and give the
results of the statistical analysis of each character for the
individual sites and Table.25 does the same for the entire sample.
Table 26 presents the average coefficients of variation for each
sex and for the combined sexes, and Table 27 presents the results
of the F - test separately from the rest of the statistical

analysis in Tables 2 —_25.

A standard format for Tables 2 - 25 1is followed as .out-

lined here: %

(1) The sample ié subdivided into three categories:
"Femaies”, ""Males'', aqd'xhe "Combined" sexes.'lThe first line of
each column has a sample heén for the measurément under consideration,
and its.sténdard deviation. The‘secondrline gives the minimum
and maximum measurémentsvfo; each sampie; The third line lists

the sample size and the coefficient of variation.

(2) A fourth column records the value of the F - ratio
as computed on the sexes at a particular site (for Tables 2 --24)
-or character (Table 25). Aﬂ asterisk indicates a significant test

result at the 0.05 level of confidence, while double asterices

38
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indicate significance at the 0.01 level.

Variatibn in Total Length

Four sites show significant sexual dimorphism for Total
Length (Table 2): Pulau Langkawi, Dan Sai, Chiang Mai, and Myitkyina.
This is a relatively high incidence of significant dimorphism in
’the site samples (see TaBle 27}, but, surprisingly, the entire
sample is not significantly dimorphic for this charactef (Table 25). -
In the majority of the sites and in ﬁhe entire sample, sexual
variation is enﬁ;;ssed as a tendency for the males to be larger
than the females,\although in all cases thefe is overlap between

the range of medsurements for the sexes.

v

The'significant results for the tests for dimorphism have
beén described aé being reliable (see Chapter 2), however, sample
size remains a problem for the sites and séme qualification should
be added fo the test results. This can be done by using as guide-
lines the suggestions made by Sigpson, Roe, and Lewontin that (1)
the samples have at least five specimens in them (1960:169), and
(2) when the value of the coefficient of variation is below four
then it is likely that the sample being tested is too small to
adequately represent the variagility which is present in the
population (ibid:90). These gﬁidelines will be used throughout
this chapter to qualify the -use of the significant results for
small samples. In Table 2 the female samples of Chiang Mai and
Myitkyina are inadequate according ta the first guideline. At

Pulau Langkawi the coefficient of variation for the male sample



is low; however, the sample is relatively large and the low vari-
ability may be a reflCCtIOH of the generally low variability which
is found in many of the sites. Of the four 51gn1f1cant results,

only the one for Dan Sai needs no qualification. }

The average coefficients of variation for the samples with
at least five specimens (Table 26) show that the malés have less
intra—sife variability than the females, and shouid be preferred
as indicators of geographic variation. “This preference -is supported
by thedobservation that the males have a greater variation in tﬁe
entire sample than do the females (Table 23) and the females while
more varlable within sites, are more conservative over the entire
sample. Pooling the sexes to. “her into a'gingle combined sample '
does not result in a morev;;riable sample despite tﬁe sexuadl
dimorphism that has been noted. In fact, §he coefficient of
variation for the combined sample is less than the coefficieﬁt
for the most variable sex by itself. This is true for both the
entire sample (Table 25) and for the individual site samples (Table 26).
Consequently, the sexual diﬁorphism that shows up when the sexes are
compared, is masked in the combined sample which does not control

v

for sexual variation.

Variation in Tail'LengEh

Four sites show significant sexual dimorphism for Tail
Length (Table 3}: Trang, Letsok-aw Kyun, Ko Lak, and Dan Sai.
. \

This is a relatively high incidence of significant dimorphism for

‘the samples (see Table 27), and correspohdsAto a significant
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» .
dimorphism for the entire sample (Table 25). In the majority of

the sites, and in the entire sample, sexual variation is expressed
as a tendency for the males to have longef tails than the females,
althougﬁ, in all cases the range of measurements for each sex
overlaps aqg in maﬁf sites the. statistical means for the females

are larger than for the males.

It is necessary to qqalify the significant results of the
F - test for this character. Ko Lak and Letsok-aw Kyun have samples
that are inadequately small. Dan Sai has a feﬁale sample which is
also small, and its éorresponding coefficient of variétion is
small, suggesting that the sample is inadéquate. The overall size’
of the combined sample at DaK>Sai may be some compensation for the
small female sample. Of the four‘significantly aimorphic sites

only Trang neéds no qualifications.

Tail Length is the most variable character is this stuﬁy.
"It has the * phest coefficients of variation that were calculated
on the entire savple (Table 25) and has some of the highest average -
coefficients of variatién for the site samples that have at least
five specimens (Table 26). ' The average éoefficienfs of variation
show that the females have less intra-site var1ab111ty than the
males, and on this, b351s should be preferred as 1nd1cabors of
geographic variation. This difference in variability in the sexes

is maintained in the entire sample as well (Table 25). Pooling

3 o

the two sexes together into a single tombined sample does not

result in a more variable sample, despite the sexual dimorphism



that haS'beén noted. 1In fact, the coefficient of “iation for
the combined sample is léss than the coefficient of variation for
the most variablc_séx. This is true for both the entire sample
(Table 2S)uand for the individual‘site samples (sece Table 26).
Consequently, the sexual dimorphism that shows up when the sexes
are compared is masked in the combined sample which does not

control for sexual variation.

Variation in Head and Body Length

There is no significant sexual dimorphism for Head and
Body Length in any of the sites (Table 4) or in the entire sample
(Table 25). The males are larger than the females in a majority

of the sites. . \

The average coefficients of variation for the site samples
with at least five specimens (Table 26) are relatively high for
this study and this corresponds to the condition in the entire

sample (Table 25).

Variation in Foot Length

None of the sites exhibit significanf\%exua] dimorphism
for Foot Length (Table 5), although the entire sample is signifi-
cantly dimdrpﬂic at the 0.05 level of confidence (Table 25). In
the majority.of the sites, and in the entire sample, sexual variétion
»is‘expressed as a tendency for the maleg to be larger than the
females. 1In all of the samples there is éonsiderable overlap of

the range of measurements for the sexes.

42



43

The average coefficients of Variation for the site samples
with at least five specimens (Table 26) show that the males have
less intra-site variability tﬁan the females, and should be pre-
ferred as indicators of geographic variation. This sexual difference
in variability is maintained in the entire sample as well (Table 25).
Pooling the sexes together into a single combined sample does not
result in a mofe variable sample. In fact, the coefficient of
variation for the combined sample is less than the coefficient of
variation for the most variable sex. This is true for both the
entire sample (Table 25), despite the sexual variation that has
been noted, and for the.individual site samples (Table 26).
Consequently, the sexual dimorphism that shows up in the éntire
sample when the sexes are compared is masked in the combinea sample

which does not control for sexual variation.

., Variation in Condylobasal Length

Two sites show significant sexual dimorphism for Condylobasal
wLength (Table 6): Bucki Besi and Chiang Mai. Tﬁeré'is no significant
dimorphism for this character over thé entire sample (Table 25).
In the majbrity of the sites, and in the éntire sample, sexual
variation is expressed aS a tendency for the males to have a ol
greater c;ndyloba§al length than the females, although in most

cases there is overlap of the range of measurements for the sexes.

It is necessary to qualify the significant results of the
F - test for this character. The sample at Bucki Besi is very small

and inadequate by the guidelines. At Chiang Mai the female sémple
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is also inadequately small. In view of the results for the entire
sample, it seems likely that the significant sexual dimorphism to

be found in these two sites could be biased by the sample's size.

The average coefficients of variation for the samples with
at least five specimens (Table 26) show that the males have less
intra-site variability than the females, and should be preferred
as indicators Qf geographic variation.. This prefernwce is supported
by the observation that the males have a greater variation in the
entire sample than do the females (Table 25), and.that the females,
while more variable within sites, are more conservative over the
entire sample. Pooling the sexes together into'a single combined
sample does not reSultdin a more Qariable sampie; In fact, the
coefficient of variation for the combined sample is less tﬁan the -
coefficient for the most variable sex by itself. This is true
for both the entire samplé (Table 25) and'for the individual site
samples (Table 26) Consequently, the sexual d1morphlsm that “shows

v up when the sexes are compared (including non- 51gn1f1cant dimorphism),
is masked in the combined sample which does not control for sexuai

variation.

Variation ‘in Palatal Length

There is no significant sexual dimorphism for Pala”
Length in anx‘sfithe-sites (Table 7) or in the entire Samp;5 \Féble 25).
" most of the sites and in thg entire sample the mean size»forwthe
~ales 15 -ger than the females, the only exceptions Eeing several

sitec /i 2 ::agle specimen of one sex and Wet Kyun which also
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has an inadequate sample for one sex.

Variation in Cranial Length - ,

Three sites show significant sexual dimorphism for Cranial
Length (Table 8): Pulau Langkawi, Ko Tao, and Nakhon Sawan. The
endire sample is also significantly dimorphic (Table‘ZS). In thé
majority of sites and in the entire sample sexuél variation is
expressed as a tendency for the males to ﬁave a greater cranial
I;ngth than the feﬁales, although in all cases the range of measure-
ment for each sex overlaps, and ih some sites the statistical means

for the females are larger than for the males.

It is necessary to qualify the significant results of the
F - test on this character. The female sample at Pulau Langkawi
and both the male and female samples at Ko Lak are small and their
corresponding coefficients are also small,‘suggesting that the
samples are.inadequate. The coefficients of variation at Nakhon
Sawan are low but this may be a reflecfion of the generally low

variability of this. character in the sites (see Table 26).

The.aver;ge'coefficients of variatioﬁ for the site samples D
with at least five specimens (Tabie 56) show that the males have
less intra-site variab%lity thén the females, and on this basis
shouid Be preferred as'iﬁdicators of geographic variation. The
sexual difference iﬁ variability is maintained in tﬁe entire sample
as yell (Table 25). Pooling the sexes together into a single

combined sample does not necessarily result in a more variable



sample. In fact, for,.the entire sample, the coefficient of variation
for the combined sample is less than for the most variabie sex
(Table 25), despite the sexpal dimorphism that has been noted.
Consequently, the sexual variation that shows up when the sexes
are compared, is masked in the combined sample where sexual variation
is not under control. In the individual site samples the sexual

' i .
dimorphism is more apparent in the combined sample of males and

females, and the averége coefficient of variation for the combined

sample is greater than that of either sex taken separately (Table 26;.

Variation in the Maximum Width
of the Skull

Two sites show significant sexual dimorphism for the Maximum
Width of the Skull (Tab}e-Q): Ko Tarutao, and Wet Kyun. The entire
sample is not significantly Aimorphic (Table.25). The sexual vari-
ation is not consistently expressed as any pbvious éize difference.
In any one site éither séx could have the greater statistic#l mean
for this character, although in the entire sample it is the femalé;
- which tend to have wider skulls. Furthermore, therg\is no consistent

overlapping of the raﬁge of measﬁrementsAforueach sex in the site

‘samples.

- It is necessary to qualify the significant results-of the
F - test on this character. Wet Kyun has very small samples and
low coefficients of variation, suggesting that the.samples are

inadequate. Ko Tarutao also has low coefficients although the

samples are large enough to be accepted. The . low coefficients
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may be reflecting the generally low variability that is found in
this character (eee Table 26), but the total lack of'variation in

the male sample is unusual for any sample.

Al

The average coefficients of variation for the site samples
with at least five specimens (Tabie 235 show that the males hane :
lees intra-site variabilitx than the femaleé, and should be preferred
as indicators of geographic variation. This-difference in variability
is maintained in the eneire sample (Table 25). Pooling the sexes
together into a single combined sample does not result in a more
variable sample despite the sexual dlmorphlsm that has been noted.
In fact, the coefficient of variation for the combined sample is
:less than the coeff1c1ent for the most variable sex. This is true
for the en;lre sample (Table 25) and for the 1nd1V1dual site samples
(see Table 26). Consequently, the sexual dimorphism that shows up
when the sexes are compared is masked in the combined sample which

~
doe% not control for sexual variation.

N Variation in Bizygomatic Width

Three sites snow significant sexual dimorphism for Bizygomatic
Width (Table 10): Ko Tarutao, Ko Tao, and Nakhon Sawan. The entlre
sample shows a 51gn1f1cant dimorphism at the 0.01 level of confldence
(Table 25). 1In the majority of the sites and in the entire sample
~ the sexual variation is expressed as a tendency for the males to
have gneater bizygomati . widths than the females, although in most

cases there is an overlap of the range of measurements for- the sexes.

13



It is neces;aty to quality thé‘significant results of the
F - test on this character. All the site;samples have low coef-
ficients of Qariation, suggesting that the samples are too small
t§ repfesent the variation presént in the population; however,
this may only be true for the very small}samp}es at Ko Tao. Since
the samples at Ko Tarutao aﬁd Nakhon Sawan”satisfy.the guidelines
being used here, the low variabilit} found in these sites may:
cdrrespond to the generally low variability this;charactef has'

in all the sites (see Table 26).

The average coefficients of variation for the site saﬁples
rwithlat least five specimens (Tabié 26) show that the males have
less iﬁtra-site variation than the females, and on this basis should
be preferred as indicators of geographic \;ariation.i'5 This difference
in variability in the sexes is main;ained in the entire sample-
(TabIé 25). Péoling the sexes together intg a single combined
sample does not'necgssarily result in a more variaﬁle sample. In
the entire sample, the coefficient of variation for the combined
sample is just equal to that of the most vaf%able sex, Aespite.
the signifi;ant séxual’dimorphism that has beén noted. Consequently,

- ’ - .
the sexual variaion that shows up when the sexes are compared is
masked in the eombined sample where séxual vafiation‘is not con-
trolled; however, wgereés the previous characters showed less
>Qafiability in the combined sample relative to the_mosf variable
sex, this character has'Equal émounts‘of variability within the
combined sample and the most variablé sex. In the individual site

~

samples the sexual dimorphism is more apparent in the combined
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sample of males and females, and the average coefficient of var-

iation is greater than that of either sex taken separately (Table 26).

Variation in. Biauricular Width

Two sites show significant sexual dimorphism for Biauricular
Width (Table 11): Singapore and Nakhon Sawan. The entire sample |
is also significantly dimofphic (Tagle 25). In the majority of
the sites and in the entire sample tbe'sexual variation is'eﬁpressed

as a tendency for the males to have greater width than the females,

‘although in most cases the range of measurements for each sex overlap.

It is necessary to qualify the significant resuits of the
F - t;st on this éhqracter. At Singapore the sample is very small
and the coefficients of variation are also low, suggesting that the
sample is\inadequate. Nakhon Sawan has a low coefficient of Qari—
ation for the male samplé but since the sample size is acceptable
the coefficient may be explained by the generally low variability

that is found in thié character (see Tables 25 and 26).

The average.éoeffiéients of variation for the Site samples
with at least five 5peqimens (Table 26) show that the males have
" less infra—site variability fhan the females, and oﬁ this basis
should be preferred as indicators of geograéhic variation.ﬂ This
preference is supported by phe obse?vation that the males have
greater variation in the entire sample than the females (Table 25)
and the female:-, while more variable within'sites, are more con-- ‘.

servative over the entire sample. Pooling the sexes together into ’



a single combined sample results-in a more variable sample only

in the case of the entire sample (Table 25), The same is not true

for the individual site samples-whére the combined sample is less )
variable than the most variable sex (see Table 26). 1In the site

samples the sexual dimorphism that shows up when the sexes'are .
compared 1s masked in the combined sample whlch does not control

‘for sexual’ var1at10n

Variation in Interorbital Width

Three sites show s1gn1f1cant sexusl d1morph15m for Inter-
orbital Width (Table 12): Pulau Tioman, Kanchanaburi:, and Myltkylna
The entire sample is significantly dimorphic at the 0.01 level of
confidence (Table 25). 1In all samples sexual variation is expressed
as a tendency for the males to have greater interorbital wldth
than the females, although in most cases there is an overlap of

the range of measurements for the sexes.

'It is nécessary to qualify the significant results of the
F - test for thlS character because the samples at all sites are
very small and the coefficient- of variation are all low. In light

of this, none of the sites have samples that are adequate.

The average coefficients of variation for the site samples
with at least five specimens (Table'26) show that the females have
less intra—site variability than ‘the males, and should be pfeferred

~as indicators of geographic variation. This difference in the

variability of the sexes is ma1nta1ned 1n the entire sample as

well (Table 26). Pooling the sexes together into a single combined
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sample does not necessarily result . in a more variable -sample. For
the entire sample the coefficient of variation for the combined
sample is not quite equal to that of the most variable sex, desplte
the significant sexual dimorphism that has been noted. Consequently,
the sexual variation that shows up when the séxes are compared is
masked in the combined sample which does not control;forlsexual
variation. In the individual site samples the average coefficient
of varlatlon for the combined samples is greater than that of the

most variable sex, and the sexual variation is more apparent.

Variation in Orbital Length

Onebsite shows significant sexualidimorphism, Kd Tao
(Table 13), and the entire samplé is not significantly dimofphic
(Table 25). In most sites, but not in the entife sample, sexual
variation is ékpressed as a tendency for the females to have longer

orbits than the males, although there is overlap in the range of

measurements for the sexes in most of the sites.

The significant result of the F - test on the sample from
Ko Tao must be qualified because the sample is very small and the
coefficients of variation are all very low. This suggests that

the sample is probably inadequate.

The average coefficients of variation for the site samples
with at least five specimens (Table 26) show that the males have
'less intra-site variability than the females, and on this basis

“‘should be preferred as indicators of geographic variation. This
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difference in vafiability between the sexes is maintained in the
entife sample (Tablé 25). Pooling the sexes together ihto a single
combined samgle does not result in a more variable sample. In
\fact, the coefficient of variation for the combined sample is less
thaQ the coefficient for the most variable sex. This is true for
bothﬂthe enfire sample (Taﬁle 25) and the individual site samples
x-~ (Table 26). Consﬁquentlygxthe sexual dimorphism that might be

* present when the sexes .are compared is masked in the combined

e

sample which doe§ not control for se&gal variation.

A

Variation in Orbipal Width '

There is no significant sexual dimorphism for Orbital Width
in ény of the sites (Tablé 14) or in the entire sample (Table 25).
The males tend to have wider ofb}ts in most of the saﬁpies, but
this is not consistent through all the sites.

Variation in the Height of
the Brain-case

Two sites show significant sexual dimorphism in the Height

of the Brain-case (Table 15): Pulau Tioman and Chiang Mai. The
entire sample is not significantly dimorphic (Table 25). In the

majority of the sites and insthe entire sample, sexual variation is -
expressed as a tendency for the males to have higher brain-cases
than the-females, althugh there is overlap of the rangés'of

measurements for the sexes.

LS

It is-necessary to quality the significant results of the

F - test for this character. Both sites have a sample with a single
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specimen and this is inadequately small.

The average coefficients of variation for the site samples
with at least five specimens (Table 26) show that tﬁe males have
less intra-site variability than the females and on this basis
should be preferred as indicators of geographic variation. " This

M¢y in the sexes is maintained in the entire

Pooling the sexes together into a

L3

" less than for tﬁé Qggt.variable sex. This is true for the entire
sample (Table ’5) and for the individual site samples (Table 26).
Consequently, the sexual dimorphism :..at shows up whgn the, sexes

are compared is masked in the.combined sample which does not control
for sexual variation.

Variation in the Distance from
Opisthion to Opisthocranion

Five sites show'significaht séxugl dimorphism for the
Distance from Opisthion to Opisthocranion (Table 16): ‘Bucki Besi,
Singapore, Ko Tao; Nakhon Sawan, ‘and Khon Kaeﬂ? This is the greatest
incidence of significanf dimorphism for all the characfers considered
here, and it is reflected in the entire sample by a dimorphism
that is significant at the 0.01 level of confidence (Table 25).

In nearly all of the sites and in the entire sample; sexuai variation
is expressed as a tendency for the males to have a greater distance

between opisthion and opisthicranion than the females, although in . -

i

et



most cases there is overlap of the range of measurements for the
: v
sexes.
It is necessary to quallfy the 51gn1f1cant results of the
F - test for.thls character. Singapore, Bucki Msi and Ko TaogaLL_
have samples with fewer than five specimens, and the correspondgﬁg
coefficients of variation are low, suggesting that the samples are
¢ _ _
inadequate. Nakhon Sawan and Khon Kaen have larger samples but

their coefficients are low; however,_this could be a function of

‘the generally'low_variability that is found for this character.

The avefage coefficients of Y&z}ation for the site samples
with at least five Specimgns (Table 26) show that thévfemales have’
less intra-site variability than the males, and on tnis basis should
be preferred as indicators of geographic variation. This difference
in the variability of the sexes is maintained in the entire sample
as well. The coefficients of variation for the combined sexes %s
greater than-the ;oefficient for either sex taken élone; as would"
be expected for a character with significant sexual dimorphism.

This observation holds true for both the entire sample (Table 25)
and for the individual sites (Table 26).

Variation in the Length of the
Maxillary Molar Row

Two sites show significant sexual dimorphism for the Length
~of the'Maxi;lary Molar Row (Table 17): Pulau Langkawi and Kanchanaburi.
There is no significant dimorphism in the entire sample (Table 25).

In the majority of the sites and in the entire sample, sexual

»
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variation is expressed as a tendency for the males to have longer
molar rows than the females, although in all cases there is overlap

between the range of measurements for the sexes.

It is necessary to qualify the significant results of the
F - test for this cha.acter. Both Pulau Langkawi and Kanchanaburi
have a sample consisting of a single specimen, which is inadequaté,

although in both cases the other sample is adequate.

The average coefficients of variation for the sife_samples
with at least five specimens (Table 26) show that -the femaleé have
léss intra-site variability than the males, and on this basis should
be preferred as indicators bf geographic variation. ‘This_difference
in vafiability in the sexgsvig maintain?ﬁ in the enfffe shmplewas
well (Table }5). Pooling the ééxes togethef into.a siﬁgle'combi&ed
sample-does hot necessarily result in a more variable sample. In-
fact,‘for the entire sample, which was notbsignifiéantly dimorphic,
the coéfficient for the combined sample is less than the coefficient
f;r the most variable sex. In the individual site samples the

_se*ual’dimorphism is more apparent and the average coefficient of
variation for the combined sample is larger’than that of either
sex aloﬁe (Table 26). L

Variation in the Bimolar Width at =~ _
the Second Maxillary Molars

Thereisino significant sexual dimorphism for Bimolar Width

RRETNES

in any of the sites (Table 18) or on the entire sample (Table 25).

L 4

* The males tend to have a greater distance between the molars than
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the females, but in some sites the opposite is true.

Variation in the Width between thé
Second Maxillary Incisors

. .

Four eites show significant sexual dimorphism in the Width
berween the Second MaXillary Incisors (Table }9)5 Sungei Endau, -
Bucki éesi, Si Chon_and Nakhon Sawan. This is a relatively high
~incidence of significant,dihorbhism for-the‘sarples (see Table Zf),
and corresponds to‘a significant dimerphiem at the‘0.0lvlevel of
confidence for the entire sample (Tab;e 25}., Iﬁ most of tﬁe sites
and ig the entirersample, sexual variation ie expressed as a ‘tendency
for the heiee to have’ a greater widrh between the seeend-maxillaryl
incisors %hehldo the females, although in most of the samples the

range of measurements for the sexes overlap.

AIt_iS neceesary to qualify ;he srgnificant results of-the‘
_F - test for this character. Sungei Endau, Bucki Besi'and Si Chon
all have.small; possibly inadequate samples.‘ The coefficienrs of
variation for the samples at Nakhon Sawan are low, but thls is
deflnltelf a. functhn of the amaunt of variability the'character
has in general since the coefficients for the entirefsample are

comparably low.. : ’ R

Es

The average coefficients of variation for the site samples f
with at least five specimens (Table 26)fshow that the femgles have-
L ” ) °
less intra—site'variability than the males, and on this basis should

be preferred as 1nd1cators of geographlc variation. Jhls dlfference

o
-~

in ‘he var1ab111t§ of the sexes is maintained in thegtntlre sample, (Table 25).
. #

A VR

/"' .
/ .
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When the sexes are poolea together, tﬁere results a more variable
sample, as indicated by the coefficient of variation for the combined
sample, which is larger tgfn tﬂe coefficients of either sex taken
separately. This is true for the entire sample (Table 25) and for
the indi?idual site samples (Table 26).

Variation in the Length of
the Mandibular Molar Row.

Only one site, Kanchanburi; shows significant sexual eimorphism
- for the Length'%f the Mandibular Molar Row (Teble 20). There is no
significant dimorphism in the entire sample (Table 25). In the
majority of the sites, sexual variation is expressed'af a tendénc,
for.the males to have a greater leng* han the females, altheegh
there is overlap in the range Oi ueasu. dment and many'exception$

to the tendency. In the entire ample “- is the females which have

the higher stat%stical‘mean for trn .hardcter  Table jﬁ).

4 .
The significant result of the F - test at Kanchanaburi =
must be qualified because there is only a single specimen in the -

male sample and this makes it inadeﬁuate.

The average coefficients of variation for the sitelsamples

w1th at least five specimens (Table 26) show that the females have

less 1ntra site var1ab111ty than the males, and. on thls basis should

be preferred as indicators of geographic varlatlon This preference
.. L~ fl:

‘15 supported by the observatlon that the females have a greater
5}~Varlatlon in the entlre sample than do the males (Table 25), and

ks

that “the males, while more var1ab1e w1th1n sites, are more conservative
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in the entire sample. Pooling the sexes into a single sample does
not result in a more variable sample. In fact, the coefficient of
variation for the combined sample is less than that of the most

variable sex by itself. This is true for both the entire sample

(Table 25) and for the individual site- samples (Table 26). Con-

sequently, the sexual dimorphism that shows ur wi.co the sexes are -
compared is masked in the combined sample where sexual variation

e

is not under‘contrel.

. '._'_,'

Variatigh in the Length of the Jaw

. *Two sites show significant sexual dimorphism in the Length

of the Jaw (Table 21): Singapore and Sungei Endau. The entire

:'sample is significantly dimorphic at the 0.05 level of confidence

(Table 25). 1In most of the <ites and in the entire sample, sexual

variation is expressed as a tendency for the males to have longer
: » Yoo

jaws than the females, although in most cases there is overlap of

» N

the range of measurements for the sexes.

It is necessary to qualify the significant results of the

F - test on this character since both sites consist of very small

~samples and low coefficients of variation. This suggests that

the samples are inadequate. -

The coefficients of variation for the site s les with
at least fivetgpgcimens (Table 26) show that the males have less ’
intra-site variability than the females, and on this basi: should

be preferred as' indicators of geographic variation. This difference

in thezvariability of the sexes is maintained in the entire



' : X
sample (Table 25). Pooling the sexes together into a single
combined sample does not necessarily result in a more variable

sample. In fact, the average -oefficient of variation for the

“

combined sample in th .*~s i. less than the average coefficient
for the most variab - scr ‘able 26). Consequently, the sexqé{$§§
. _"‘ \,';‘S'
variation that exists the sexes are compared is maske‘a_}éhg-L
. A“.‘ ’

the combined sample. In the case of the entire sample the coef-

ficient for the combined sample is greater than that of either
sex, and it thus reflects the significant sexual dimorphism that
is present in the sample.

Variation”in the Height of the Ascending
Ramus of the Mandible

2

4‘\

deggites show significant sexual dimorphism.for the Height
of the Ascending Ramus (Table 22): Singapore, and Si Chon. drhg - 9
entire‘samplé is also significantly dimorphic, at the‘0.01 level
of confidence (Table 25). In the majority of the sites and in the

entire sample, sexual variation is expressed as a tendency: for the
i » ~

males to have greater height in the ascending ramus than the females,
o

~

although in most of the sites the}e 1s overdap of the r;nge of

(RS .

measurements for the sexes.

It is necessary to qualify the significant results of the
F- test for this character. In both sites the samples are very
small and the coefficients of variation are low. This suggests

that the samples are inadequate. _ : -
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The average coefﬁicient of variation for’the site sémples
with at least five specimens (Table 26) show that the males Have
.less intra-site v;riability than the females, and on this basis
shéuld be preferred as indicators of gepgraphic variation. This
difference in the variability of the sexes is maintained in the
entire sample‘(Tab;e 25). Pooling the sexes together into a
single combined sample does not result in a moré variable sample.
In fact, the average coefficient of 3ariation for the combined
sample in the sites is less thén the average coefficient for the

most variable sex (Table 26). Consequently, the sexual variation

that exists when the sexes are compared is masked in the gombined

.

sample. In the case of tﬁe entire samplé, the coefficient.fof.
the combined sample is greater than that of eith;r sex ;aien»
separately, and the coefficieﬁt for the combined Sample thus

reflects the significant sexual dimorphi;m thatvgf‘present in
the entire sample. ) m

Variation in the Height of
the Mandibular Condyle

Two sites shd; significant sexual dimorphism for the Height
of the Mandibular Coﬁdyle (Tablé 23): Pulau Langkawi and Nakhon
Sawgn. The entire sample is aiso significéntly dimoréhic, at the
0.01 level of confidence (Table 25). In most sites and;in the
entire sample, sexual;variation isye;pressed!as a tendency fér
the males to_hé&e greater”height éanhe mandibular condyle than
do the females, although' in most of the sites there is é;éfiép

of the range of measurements of the sexes.



It 1s necessarf to qualify the significant results of the
F - test for this charécter; Pulau Langkawi has a sample with a
single specimeﬁ in 1it, and this is inadequate. At Nakhon Sawan
the coefficient of variation for the male sample is low, but this
could be a refleqtion of the generally low variability found in

-~

this character.

The average coefficients of vhriation for the site samples

yith at least five speciqggg@iTaége 26) show that the males have
less intra-site variability than'the females, and on ;his‘basis
should be preferred as indicators of'geographicvvariation. This
difference in the vafiability of the sexes is maintained in the

_ entire'sémple. Pooling the gexes togethe? into a single combined
sample does not necessarily result in a mdre variable sample. In
fact, the coefficient of variation for the combined Sample df all
the+specimens ié less than the coefficients of either sex tékeﬂ
separateiy, despite the significant sexual dimorbhiém tﬁét has

. 5.
been noted for the entire sample. Consequently, the dimorphism -
that exists when the sexes are compared is masked in the combined
sample which does not control for sexual variation. The same is

not true for the individual sites. In this case, the average co-

efficients of variation.for the combined sample are larger than
’ : ‘ : o
‘the most variable sex taken separately (Table 26) as would be

«

Y expected when there is sexual dimorphism.
1 ) . .

IS ‘uﬁ_
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Variation in the Length of | \\

the Maxillary Tooth Row . -

There is no evidegfé{of significant sexual dimorphism in
the Length of the Maxillary Tooth Row in any of the sites (Table 24)
or in the entire sample (Table 25). The males tend to be longer

than the females, but in many cases the opposite is true.

The Entire Sample

Table 25 lists the results of the statistical analysis
carried out on the entire sampie for each of the characters. Since
it does not excfﬁde sitgs on the basis of their sample size, thére
are more Speciméhs represented in Table 25 than ffomvthe total for
all the sites in Tables‘2 - 24. Table 25 follows the same format

as the previéus tables.

The coefficients of variaxvon indicate that there is not

a lot of individual variapion with§§‘the entire sample. Simpsoﬁ,

Roe, and Lewontin obéerved that the great majority of‘valhe; f6r

the coefficient/of variation in.mammalian.pépulations lie between

" four ;nd ten t1960;122). They suggested th%t_ﬁalues whic? are o B
lower usually indicate. that the'Sample'was’ﬁot édeﬁﬁété.ténghéw.

' vafiabiiity, ;hile values that are much higher indicate that the

sample was not homogeneous KEEEQ:)' Most of the values for the Ty
coefficient in Table 25 are 10w, as if the sampie had been inadequate

to show thq variabi1ity in the population; however, siﬁée a sample

of ,30 or more is usually considered a large sample for statistical
: Mk

purposes (seé Peatma 1963:194, e.g.), and since the smallest



sample in Table 25 has 74 specimens in it, it follows that none

of the samples in the table should be considered too small;"This
leaves the results of the »efficient to stand as being accurate
approximations of the true variation in the‘population, énd leads

to the obvious conclusion that the characters have little variability,
In actual counts,»eleveh of the female samples, eleven of the male
sémples, and twelve of the éamples of the combined sexes fali“beiow
Simpson, Roe, and Lewontin's range of valqes for the coefficient.»-
The characters which are least variable when all three sample

groups (Female, Male, Combined) are considered toéether are:

Condylobasal Length, Cranial Léngth, the Maximum Width of the

Skull, Biauricular Width, Orbital Length, Orbital Width, the

—

1Height of the Brain—cgﬁ@ﬁﬂkhe distance from Opisfhion to

-Opisthiocranidn, the Lengfh of the Ma£i11ary Molar Row, Bimolar

‘WidthJat the Second Maxiliary.Molars, Incisor Width at thé'Second

Maxillary Incisors, the Length of the Maﬁaibular Molar Row, and

Jaw Length. Only one charaéter{ Tail Leﬁgth has a high coefficient

of variatioﬁ, and it should be considered to be a:highI& variéble
o 4 ‘

character. The remaining eight characters have an'averagé‘amount :

of variability.

The F - test revealed a considerable amoung .of significant

sexual dimorphism in the characters of Table 25. The results for

six of the characters are significant at the 0.01 level of confidence,
and an additional five characters have results that are significant
at 0.05. The remaining twelve characters are not significantly

dimorphic. The mean sizes for the males are generally greatér

63
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‘than those of the femglés, although in two characters the females
are slightly larger, and in one character the sexes have the same
means. The coefficients of vafiation tend to be similar for each
sample category for a character, although in most cases, the co-
{géfficient for the combined sexes is less than thét of the most
variable sex, as was the case when the charattgrs were Eompared
over the individual sites. In the characters where the dimorphism
is significant at the 0.01 level of ‘confidence, the c9efficient
forbthe combined sexes sometimés exceeds that of the most variable .
.sex,rbut never by much, and sometimes (i.e.,.in tﬂé"éase of the
height df the'Mggafbular Condyle) it is lower than the.coefficient

for either sex. Once again, the pooling of the sexes masks the

sexual variation that is’apparent when the sexes are compared.

"The following characters can be isolated as having little
variation,‘either iﬁdividual or sexuél:'.Condyloﬁasal Length, therm
Makimgm Width Qf the Skull, Orbital Length, Orbital Wi@fh, the
Height of the Brain-case, the Lengthvof the Maxillary Molar Row,
Bimbiar Width at the Second Maxillary Molar, the Length of the
Mandibular Mé}ar Row. The;e may be considered the most consérvative
characters; vThe following cﬁaracters have no significant sexual

- ‘Qimorphism but relétiyely high coefficients of variation: Total
Lengtﬁ; Head and Body Leﬁgfh, Palatal Lenéth,'and the Leng;ﬁ of_
the Maxitlary Tootﬁ Row. They are probably the most sen;itive“
t§ local, non-sexual selection processes. The following characters

- have significant sexual dimorphism but low coefficients of variation:

Cranial Length, Biauricular Length, the Distanée from Opisthion to |



65

bpisthiocranion, Incisor Width at the Secbnd'MaXillary-Incisérs,
and Jaw Length. fhese are probably subject to stronger sexual
selection processes than the other charaéters. The remaining
characters are the most variable for the entire sample: Tail
Length, Foot Length, Bizygomatic Width, Interorbital Width, the
Height of the Ascending Ramus of the Mandible, and the Height of

the Mandibdlar Condyle.

Variation in the Site Samples

Table 26 presents the average coefficients of variation
for each sex and for the co?bined-Sexes. The average is derivéd
_from all the sites Qhere the sample for a given sa;ple group (that
is, Female, Male, orACombined)Ais éfeater than or equa: » five
specimens. Since the sample size yaries.forzeach'column and row
of the Tablé, the list; of sites used in each of the calculations

are not necessarily identical, but this should not detract from

the value of the Table.

The average coefficients of variation in Table 26 provide
a summary of the variation to be found within’local popufations
where geographic Qariation is minimal. As would be expected, the
values of fﬁ;‘average'coefficients are lower than the values of
thevcorresponding coefficients for the entire sample (Table 25)
where geographic variation is not under control. Relative to
Fhe coqfficients for other mammalian groups (as discussed by 

Simpson, Roe, and Lewontin 1960:122), the average coefficients

"for the sites in Table 26Iare'sma11 and suggest that the samples
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used for their calculation are inadequate; however, small values
are also found in the entire sampie where there is no question bf
the adequacy of the samples. It may be, therefbre, that the average
coefficients of Vériation for the sites are simply reflecting the
low variation that is present in the entire sample. The lower
values for the average coefficients would be expected as a result
of removing the influence of geographic variation from the corres-
ponding coefficient that was calculated on the entire sample.

The small values of the average coefficients in Table 26 can then
be explained as resulting from an ex£r¢mely low variability within
_ the site population, rather than by suggesting that thé samples
used for the calculations were too small. This conélusion is
supported by the low variability which is evident in many of the

AR

larger site samples.

Sexual Dimorphism

Table 27 presents the results of the F - test separately
from the rest of the_Statistical analysis that is provided in
Tables 2 - 25. Dashes i%dicate a non-significant test fesult,
X' indicates'a signific .at test rgsult (with alpha set at 0.05),and
an uderlined'x' indicates a sighificant test result with no quali-.
ficatioﬁs (refer to the diséuséio; of the specific character for
information on the ﬁature-gf the qualifications). All of the
information that is preéented in Table 27 has been discussed‘
with the previous fables (Tables 2 - 25); however, but juxtaposing
all‘;)f @%esultsof the F - test some further observations can

2 .

be madeé. o o

&
s



'The -underlined 'x's show that.ﬁavof the test results do not
require some qualifications arising from the néture of the samples’
upon which they were calculated. The only ones which stand alene
are‘grouped in five sites: Ko Tarutau, Trang, Nakhon Sawan, Khon
Kaen, and Dan Sai. The inclusion of the qualified test results
is justified on the basis that'they provide additional information
which, if it is used with the stated qualifications in mind, allows
a more complete comparison of the entire sample to-the individual

site samples.

There are several differences between the overall dimorphism

of the entire sample compared to the d ;idual sites.

oY) .

%

sample has eleven significantly dimorphic characters (whéh alpha

is set at 0.05) which is a greater incidence than is found in any

one of the sites. At the alpha level .which is more appropriate
forﬁthe larée entirebsample, 0.01, there are six significanﬁly
dimorphic characters. This i; comparable to the results for

some of the individual‘sites;‘thever, different:sets 6f characters
ére involved in each case. Tail Length,’for exahple,'has a rela-
tively high incidence pf significant sexual dimorphism in the sites
yet is mot significantly dimorphic in the eﬁtire'sample. Convérsely,
Some'qf the ‘characters which are significantly dimorphic in the
entire sample when alpha is set at 0.01, have a low incidence of

significance in the sites,.and Foot -Length which is significant

. in the entire sample (alpha eduals 0.05) is néyér significantly

dimorphic in the sites. In cases where there is greater dimorphism

in the sites than in .the entire sample, there must be strong
: . . s .

67
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geographic variation in the expression of sexual differences,'and
the cumulative effect of all the sites ana specimens is to produce
é fairly homogeneous sample with no significant dimorphism. The
@pposite effect also occurs in some of the characters when there

is an amplification of sexual dimorphism so that it is greater in
thg entire sample than in any of the individual sites. A partial
explanation, other than geographic variation, for these differences
between the results for all the sites and the entife éample is the
absence of data on some of the chafacters for mumy of th. si'es.

No charaCter‘ié represented in every site, & ¢ this est~blic es

a limit 6Q some of the comparisons. Some of the cranial characters,
éspeciali}l are restricted to just a few sites. If all the data

were filled in, there might be greater' comparability between the

bA

sites and the entire sample. '
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Chapter 4

CONCLUSIONS

The classifications of the cémmon.t shrew, Tupaia glis
“are presently in a sgate of confusion and uncertaint;. Some authors
(e.g., Chasen 1940,'Ellermaﬁ and Morrison-Scott 1951) recognize a
single speciés classification for the common tree sﬁrew on‘the
mainland, while others (e.g. Mgrtin 1946, Eiliot et al 1969) state
th;t more than one species should be recognized. Therefore, it is
necessary to undertake a review of the vafiétidh which is present

in the taxon in order to understand the taxonomic ;elationshipé
within the group. The present work initiated this process by
documenting a museum sample of common tree shrews collected aiong
t;e Malay ?eninsula and its adjoining areas. Tﬁe documentation
divided ghe eﬁt@re\sample down ingo three sex-based groups: Female,

Male, and the Combined Sexes. This provided a means by which

individual variation and sexual variation could be studied sepr

arately. In order to control for variation caused by the geggraphic
dispersal of the entiré>sample, there was also a similér analysis
of the individual collecting sites. This approach clarified, to

some extent, the nature of the variation within the study group.

"Individual variation was examined with the 54:;dard

measure character variability within samples and. allow comparisons

deviation and the coeff1c1ent of variation. Both staklstlcs
69 |
li



between the samples. The standard‘deviatfon was less useful tham"i
the coefficient of variation but it is-listed in the Tables
primarily because it forms a building block for other morevc NN
statistics, including the coefficient of variation. The co-
efficient of variation is more usefnl because it can be compared
to a wider range of samples. While the standard deviation is
limited to comparisons between similar samples, the coefficient
can alsorbompare the variability of different charéctérsi This
gave it greaterlapplicability to the present stud}; Furtherﬁore,
the coefficient of variation allows comparisop of the samples of
tree shsews to ot;er groups of mammals. Thus, it could be deter-
v ) . s

mined whether the study sample was more or less variable than
1 X

samples from other mammalian popalations.- . : A

-

’5«" All bf the values of the c¢oefficient of variation for

the cranial éharacters exaﬁinéd in ;he preséht study are very:
low, suggestiné é\great deal of homogeneity inrihe sample. fhis

is a surprising result, since previouswta: nicxstu&ies pnanimouslyj
f‘agreéd that the common tree shrew had distinct nprﬁhérn and southern
forms. These studies did not appear fb uge’cfapiai charactefs_to

the extent found in the present work; neqotheléss, they indicatéd

"

70

that any study which mixed the forms together as a single sample i

would find marked heterogeneity. Thus, the expéctation was that

N

the values of the coefficient of variation would be high. In
factg. the contrary condition is exhibited and, in some samples _

the homogeneity is extreme. .

\
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‘sample.
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With regard to the coefficients for the body characters

.

for the entire sample, the values are average or slightly higher

\

than the average for mammals in general. Still, none are suffi-
ciently high, that is, greater than the value of ten (Simpson,

Léwontin, and. Roe 1960:12;); 1o suggest non¥homogeneity of the. : j
’ 5 ~

sample. At the same time, the coefficients for the most variable =
’ i B

characterv(taii length), when taken over the entirehéémple, are

so much higher than the coefficients for the other characters

3 :
that geographic variation must be affecting tail length.

This suggestion is supported '~ the observation that the
values for the coefficient of variation for tail length for

the collecting sites are much lower than those for the entire

led

The preceding observatjion has the iuvilowing implications

for future studieé.‘.The collecting.siteé used in

- N r

ire geographically localized, and it cag‘bé 355umé.“that they

S . B4

<

are minimally influenced by geographinvariation, On the cther
. . . R P I - .
hand, the entire‘s§mpf§%e3tends over a large area, and a certain
¥ .

amount of diverSigy should be e&pectgd'in;this ‘sample. . Th
variation as répresented 63 the statistiéa; measures indicates

that the entire sample is very homogeneous, but this may not .
. - " -

adequately represent important geographic variation in a bie-

logical sense. It may’be better to examine the gebgraphic
Al ' . Y

variation for the individual collecting sites to. those for

: |
. . , ) ,
the entire sample. The differences between these two

values willvindicate the relatibe"exteﬂt of geographic
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variation ¢n the entire sampie. The result of this procedure
is the observation that, although the values of the coefficient

are low compared to other mammalian groups, the values for the

G

" entire sample are often relatively hlgh in comparlson to those

»

fordthp‘Qollect.ag sites. Thus, in a statis;ical sense these

g N "
'Va\u&}ma‘te homogeneity; yet, for the common tree shrew,

"these vKlues may indicate a heterogeneous sample. Further:study,

.

i

-

T S
g

on the geographic variation in the entire sample of all specimens,
' f ‘
iigi

ecessary to test this oﬁqefvat,ion and to determine the affect
| »

v

of geographic, variationw.. .
YA S -

'% ‘S ual varlatlon is documenté%iln the Separate Sex- based
¥ e

columns of the T%bles The F - rat1o tes;ed,the‘samples for

RS

T

vsignificant sexual dimorphisgﬁmﬁth results yhlch revealed a

- LR |

isurprlslng degree b{fﬁlmorphism This.has fievey:i ien, reported

v
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for T glls, and obw}ously reveals an 1mportant«50urce of populatlonal

«

variation that has h1thezto goneaundpcumented.e The discovery-of

for the §%ructure of the cLéssticatlon of” T gl is Unfortunately,

the expression of the d1morph15m is variable &nd the’ihteréretation‘

of the resﬁlti_of the F - ratio must be done with/e certain amount
of caution.” The results..reported here only show-ghat most of the

0y

. _ . : ) .
characters exhibit a significant dimorphism in at least -some of

the collecting sites, the entire sample,,or'both. No clear-
pattern emerges from the present study. The grossabody,charaeters

« -

show a rela;ibely high incidence of“significant dimorphism in-’the

site samples, but this is only weakly reflected in the results.

P

N
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N

for the entire sample. There are six cranial characters which

are 51gnaf1cant1y dimorphic at the 0.01 level of confidence )

‘

(blzygomatlc wldth interorbital.%idth, distance from opisthion

3

to oplstocranlon, incisor width, helght of the ascendlng ramus

~of the mandible height of the mandibular condule) and an additional

three that are dimorphic at the 0.05 level (cranlal f%hgth Hi-

aurlcular w1dth jaw length), both gaken over the entire sample

ThlS 1s matched in Fhe 51te5'where fifteén of the cranial characters

exh1b1t srgnlflcant dlmorphlsm (condylobasal length cranial length

< n

maximum wldth of the 5kul%fb;wm‘h‘t’u w1dth interorbital wldth

’orbltal length, helght o?gt el brala!base, dlstance from op1sth1on

-
to. oplstocranion molar TowW length inciser width, length of‘ihe

»'lJ

molar row of the Jaw, jﬁw Migth, helght of the ascending ramus

N

of ‘the mdndlble helght of the mamgfbular condyle) ¢ In all of 4

the characuers the dlfferences between tﬁb‘results for the site

N

‘samples %nd'the entlre sample suggests some k1nd of geograph!c

5 ,« -li
1nfluence on’. the nature of the sexual variation. ThlS 1nf1uence

. “9 clear conc1u51ons within the

.

makes itvdifficult to establ“

1‘i§s'of the fl*iaresent analys-i'sr,

li-ioﬁ’on theﬂtaxonomlé 1mportance of tHe d1morphlsm until the

it is ?est to restrict specu—

N

geographlc varratlon in T glls has received q&oser rev1ew - It

AN

"is possible, though to generallze that the males would’ be better

indicators of geographlc variation and taxonomlc relatlonshlps

-

The basis of this generalization is the sllghtly lower varlablllty

of the samples of males compared to the female samples frqm

1nd1v1dual collectlng sites. _— -

73

;':{-



74

@Q
" The female samples, with their greater variability within -

sites, or a combined sample of both sexes,.with its intrinsic

?

sexual * .riability, would add unnecessary confusion to the taxonomic

analv 5. It is interesting t',ﬁghﬁ

' B VY

varpable .than the sex samples

ﬁhough, tﬁgﬁ theﬁgpmbigéd

© sar are not necessarily mofér
tal . separdtely. The coefficiehts of variation are usually sméller
in the cohbined sex sample than the most variabie sex. This is true
even in many of the samples which had significant sexual dimorphism.
The oveflgpping'ranges and close association of the_charagter's
means are such that £here‘is no iﬁcrease in pverall variability

in most of the combined samples. However, thi¥ does not affect. igﬁﬁ

* N >~
. . E
e

the findings‘of sexual dimorphisp siﬂce‘;ﬁe F - ratios show that *
‘ . ¥

3

‘the population variances and means are such that “it is unlikel e

- . . . A ‘ . il
. that the sex samples share a .common variance and mean. Thé overall

.

effect~that‘}his situation creates within the combined sample may-

4 ) . ~
‘8xplain why previous taxonomists, who did not rely on statistical
Y v u . ’ v - B -

L ~

tests, failed to notice sexual variatiomsv_ ° , R
L8 : . £

&

The results and conclusions presented here provide an

~ analysis of the structural variation within populations of the
] NN . . . -
commonitree shrew. This forms a basis from which the ‘geographic

variatibanf\the characters can pe studied.- ,The present.research

pd \ . N - .I

- did'not aashen.all'the important taxonomic qustidns which were

r

Taised in the introdyctory chapter; however,.this was not the .

] -

, . s . R <
intention. Rather, the intention was to make a contribution to

renewed ‘discussions of the classification of the common tree -

- .
- . . 4

shrew.
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WhY

.

Future research must now continue the analysis and examine

the problems of geographic variation in order to, eventually, arrive

at a classification which adequately represents a fuller understanding

”

of the common tree shrew.
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Fggure 1 ) 2

i,

- . : . L v 4 v

Reglonal map show1ng the locatlon of . all the s1tes
The numberlng on the map corresponds to the numberlng‘
of ‘the, 51tes 1n Appendlx A.

‘(Map by tartography DlVlsuon Department of Geography,
Unlver51t’ of’Alberta )y < 7
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Figure 2

y

Regional map showapg the location of the sites

used for Tables 2,/- 24.
. The numbering on-the map corresponds to the numbering

of the sites in Appendix A.

(Map by Cartography Division, Department of Geography,

University of Alberta.)
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" Figure 3 G

L
P - Y
o

e e

An illustration showing the positiohd® of the
measurements ‘of .the skull. The nitmbering of the
measurements in this figure correﬂg id, to the - 1?
numbeging- of the ﬁﬁﬁsurement list gb&itext o
age-21). AR ey L
(p g ) . ‘;". ‘3‘“\,-1@\?1.\ ) _7\&_‘ .

r\’

Flgure 3a - dorsal view of skull

Figure 3b -- basal view of skuil

Figure 3c -- lateral view of skull

v Figure 3d -- lateral view of mandible
’ . A

s I

e
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3 e Figure 4
Y ey & )

»
J : 3 ‘4

’Eﬁglonal map show1ng the locatlon of sites with
ten or more specimens.

The numberlng on the map corresponds to the numbering
of the sites in. Appendlx A. :

(Map by Cartdgraphy D1v151on, Departmggt of Geogréphy;

University of Alberta. ) o N
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APPENDIX A

List of Sites

.
[}

The following list of sites provides the standaﬁdized

spellings, gxact map co-ordinates, sygonymous spellings dih:ite

names used in reference works or on reference materials, sample

3

sizes at each site, and indications of type localities. \\ A

The following format was used throughout the Appendix

for each site:
. Kl ‘ \\.‘
Line 1 - site name map co-ordinates 4

3 \ L
Line 2 - (synonymous spellings and?names) sample size \
An asterix (*) beside Line 1 indicates type localities.

The standardized names and spellings, and map co-ordinates
are derived from the United States Board on Géégraphic Names
gazetters (1966a,V1966E, 1970). The synonymous spellings and
names are those encountered in ﬁe.literature listing a speéimen
that Qég used for data, and also those listed by Steele in his
data sheets. Type localities are of T. glis (in the sense of
Chasén 1940 and Ellerman and Morrison;Scott 1951) and its synonyms.
The type localities were identified from the information in Lyon
(1913), Chésen (1940_?b Ellerman and Morrison-Scott (1951), Napier
and Napier (1967), and Steele's own data sheets (made up from

specimens at the Smithsonian Ihstitution).
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All sites in the Appendix are listed in order according

to their latitude from south to north, and secondarily from west

to east.
1. Bintan, Pulau (P.) 1 OSN 104 30E *
(Bintan Is.) ~ 5
.\ .
2. Batan, P. 1 &N 104 3E, *
(Batan Is.) 15
3. Pulai, Sungei ' ) 1 20N 103 33E
(Pulai) 1 -
4. Singapore 1 22N 103 48E *
(Singapore, Singapore Botanic 24
Gardens, Woodlands, West
Singapore Is.) o
5. Pelepah, Sungei 1 44N 103 52E ’
3
6. Sembrong, Sungei : 1 52N 103 3E
Y 1 I\
7. Melaka - 2 12N 102 15E
(Malacca) 4
, : ,
8. Aor, P. ‘ 2 27N 104 31E *
(Aur Is.) 2
9. Silantai, Tanjong o 2 35N 101 S4E
o 1
10. Pemanggil, P. ) 2 35N 104 20E - *
(Pemgnggil Is.) 1
11. Endau, Sungei 2 40N 103 38E
(Endau R.) — 7 ,
12. Tioman, P. - 2 48N 104 11E aa
. (Tioman Is. 8
13. Rompin, Sungei - : -2 49N 103 29E
(Pumpin R., Pahang) 2
N . . . .
14. Kuala Lumpur 3 10N 101 42E

—



15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.
28.
29.

30.

. 31.

Kuala Selangor
(Selangor)

Pahang, Sungei
(Pahang R.)

Ginting Perah, Bukit
(Ginting Bidai)

Mount Brinchang
Bucki Besi
Dungun, Tanjong

(Tanjong Dungan)

Maxwell, Buckit
(Maxwell Hill)

Pinang, P.

(Penang'Is., Koh Penang)

Redang, P.
(Great Redang Is.)

Perhentian Kechil, P.
‘(East Perhentian Is.)

Kampong Gunong
(Gunong Tahan, Pahang)

Kelantan, Sunéei:
(Kelantin)

Borau, Sungei
(Boru)

Langkawi, P. »
~(Is. of Lankawi)

BQtang, Ko’ 1
(Butang, P. Adang)

Tarutao, Ko
(P. Terutau, S. Udang,
« Terutau, Terutau, Ko)

Kaki Bukit

3

N O

21N

32N

33N

30N

46N

47N

52N

24N

47N

55N

S9N

13N
21&
22N
32N

35N

39N

101
103
101
101
103

103

100

100

103

102

102

102

99

99

99

99

100

15E

28E

25E

25E

11E

26E

48E

14E

1E

44E

21E

14E

40E

48E

12E

40E

12E

91 -



32.
33.
34.
35.
3%6.
37.
38.
39.
40.
41.
42.

43,

44.
45.
46.
47.

48.

Rawi, Ko

Talibong, Ko
(Trang)
Trang

Mae Nam
(Tarang)

~ Ban Kasom Nua

(Bankasum)
Si Chon
(Si Chong)

Chong, Ko
(Chong)

Ban Mong Klang

(Muang Klang)

Lamae, Khlong

(Lamra, Trang)

Phangan, Ko

(Koh Pangan Is.)

Zadetykyi Kyun

(St. Mathews Is.)

Kawthaung

(Victoria_Point and area--
Tanjong Badak, Telok Besar)

Tao, Ko

Zadetkale Kyun

(St. Luke's Is.)

Cheokling
(Cheonkhon)

Baleigh, Sungei

(Sungei Balik)

Wet Kyun

(James Is., Buda Is.)

33N

15N

33N

19N

2N

., OON

13N

37N

47N

47N.

58N

SON -

5N

8N

17N

99

99

99

99

99

99

98

98

99

100

98

98

99
98
98
98

93

14E
23E
36E
30E
a1E
S4E
21E

8E
00E
13E

33E

S2E
12E
36E
30E

32E



49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

Lanbi Kyun :
(Sullivan Is.)

Clara Is.
Bokpyin

LetsBk~aw Kyun
(Domel Is.)

Kanmaw Kyun
(Kisseraing Is.)

Bentinck Is.
Khlong Yai
Lak, Ko

" (Ko Lak)

Prachuap Khiri Khan

Khao Khlong Menao

Tenasserim

Trat

Chan, Ko
(Koh Chang Is.)

Sattahip, Khao

Nong Kho, Khlong
(Nong Kho)

Chon Buri

Pak Tho

SON

54N

16N

37N

40N

45N

46N

48N

49N

S7N

5N

14N

31N

42N

07N

22N

23N

98

97

98

98

98

98

102

99

99

102

99

102

100

100

101

100

99

1SE

55E

4.1

15E

28E

03E

54E

49E

48E

48E

1E

30E

S8E

55E

2E

S9E

51E

93



66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
7.
80.

81.

82.

Rat Buri

Bangkok

Tavoy

Kanchanaburi

Chaiyo

Pak Chong

Lat Bua Khao, Sathani
(Lat Bua Khao)

Lop Buri

Nakhon Ratchasima
(Nakon Ratchasima)

'Ubon Ratchathani

Nakhon Sawan

(Nakon Sawan)

Thakahta
(Thagatta)
Khlong Khlung
Khon Kaen
Moulmein

Rangoon

Kyaukkyi N
(Xaukarit)

2 AL i
147 1N, 98 3R

94

13 32N 99 48E
1 N

13 45N 100 31lE
6 .
W

14 5SN_.98 12
[N “

SRREIRL

NERREN
14 39NN100 28E
2 - ,

14 42N 101 25E

14 52N. 101 36E

‘14 48N 100 37E

14 S8N 102 7E

15 14N 104 54E

15 41N 106 7E
16 4N .98 27E
16 12N 99 43E
16 26N 102 SOE
16 30N 97 38E
16 47N 96 10E

16 50N 94 24E



. 83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

100.

Sakon Nakhon
(Nakon Sawan)

Phu Kradung
Yo Sai
Pegu

Udon Thani

(Udonthani) {

Thaungyin R.
{(Thaungyeen R.)

Khun Tan, Sathani
(Khun Tan)

Bang Pang La

Inthanon, Doi
(Doi Anka Mtn.

Chiang Mai .
(Chieng Mai)

Nan
Pai
(Mung Pai)
Chieng Dao
Chiang Ra
Namma i
Zibugon
(Zibugaung, Lower Chindwin)

Myitkyina

10N

53N

1IN

20N

26N

SON

30N -

33N

35N

47N

47N

19N

22N

54N

59N

15N

23N

104
101
101
96
102
97
99
99
98
98
100
98
98
99
98
95

97

9F

S53E

9E

"29E

46E
42E
16E
52E
29E
59E
47E
27E
58E
S0E

4E
$4E

24E
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Table 1

Histogrammes of each character taken by sex over
the ~ntire sample.

The standard format'of each row from left to right
is: Interval, Female, Male.



Total length:

395.000
390.000
385.000
380.000
375.000
370.000
365.000
360.000
355.000
350.000
345.000
340.000
©335.000
330.000V
325.000
320.G90
315.00V
310.000
305.000
300.000
295.000
290.C00
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Tail length:

204.000
200.000
196 .000
192.000
188.000
184.000
180.000
176.000
172.000
168.C00
164-.000
- 160.000
1506.000
152.C00
S 148.000
144.000
140.000
136.000
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120.000
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Body length: 9

215,000
210.000
205.000
200.000
195.000
192.000
185.000
180.000
175.000
170.090
165.000
160.000
155.000
©150.000
145.000
140.000
135.C00
130:0390
125.000
120.000

115.000-

110.000
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Foot length:

48.750
48.000
47.250
46.500
45,750
45.000
44.2590
43.500
42.750
42.000
41,250
40.500
39.750
39.000
38.250
37.500
36.750
36.000
35.259
34.500
33.750
33.000
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Condylobasal length:

52.000 )
51.500 ) *
51.090 )
.50.500 )+
950.000 ) *x*x*
49,9500 ) *¥eex*
49.C00 )ttit*tt

4B.500 ) eexeEx®
48 000 ) eEEEEERKE

u]_bo:) )#t#####t#

“s
TTLLIT
P TLIE RN
PP TITII R
YT I RE!
cxkxkkREx1Q

07.000 )tgtitttttgottt*t*t*t15
46.500 ):tt:#tr:¢1utt*:§tt**17
46 .00V )xt;t-*t:tzzt**tg*$tv12
05,500 ) KEEEEREEFIREEEEREX

45.000 ) rrxersxkx]

4u.500 ) ¥**ex
44.000 ) ***
43.500 ) **x*
43.000 )*
42.500 ) *
42.000 )
41.500 )

" Palatal length:

29.400
29.100
28.800
28.500
23.200 ) **

27.900 ) **

27.600 ) ***x
27.300 )**»
27,000 ) **krdsxxxs
26,700 ) sxx*x
20,400 ) *¥*xxx¥xx
26,100 ) *%xxkxx
25.800-) s**s %%
25.500 ) *xxsexkx
25.200 ) *¥*esdrexnx
24 .900 ) *%x%kx %
20.600 ) **x*x
24,300 ) *
26.000 ) **

23.700 )=

23.400 )

23.14J0 )

— - —
*

JexExkkK Akl

T2 L.
* %
* %K

k¥

*

*

T L

* kK ok
kX
I
Ak Kk

T T ITT TR
I TIIII TR
Xk

kX

KRR KRR R
ok KK

.

EX 2T

* %ok
I r

*

100 .



Cranial length:

22.600 )

22.400 ) *

22.200 )

22.000 )
~21.800 )

21.600 ) ¥

21.u00 ) * e

21.200 ) **xx= .
Z].OOQ )*##*** *##v‘

20.500 )“ R E XL R B R
20.600 ) ®exxxs sk ke kxk]]
20,400 ) ***xncx T EEITES S
20,200 ) $xxkxrnsxs 'TEEE
20.000‘)#ltttt###11ttttt*t##12
19.890 )tt#tt#t ' LR R L
19.600 ) *¥xsderss  £kkx

19,400 ) #ke** * ok

19.200 ) *** s

13.00uU ) ** *

13.800 ) *x*

18.600 ) ** )

18.400 )

Maximum width of the skull:
20.800 )

20.0600 )

20,400 ) ** . %

204200 ) ** *

20,000 ) **xxxx4dxx1Qkakhkkksk
19.800 ) *** *x

19.600 ) **x%x*x=» * k& ok

T9a4)0 ) *ekxkxnx k)b hkkhbhk®k)5
19.200 ) **%*x SRR KRR K Kk
19.000 ) **kmkbhr s3I T hnurxeaksl
18.800 ) **x%xxasresk Sexhtks®k])
18.00U ) #*EE XK EX KRk kKX REK
18.400 )*:tttt*t*%7#t##*tttt1o
184200 ) *x%x kR XK '
18.000 ) *s*x**x%xx *EE KX
17.800 ) sxxxx%x

17.000 )

17.4900 )

17.200 )

17.000 )=

16.800 )

16.0J00 ) |
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Bizygomatic width:

28.800
28.400
28.000
27.600
27.200
26.800
20+ 490
20.000
25.600
25.200
24.800
24,400
24. 000
23.600
23.200
22.800
22.400
22.000
21.000
21.200
20.800
20.400

)

) *

)

)

) *

) xxk

) *EEE A

) kK Ak K

) Rk x

) EEEEEERR K

*
EEE KA RE KR
KRRk
S YRR
* %

ST TS PR R

EALEALIEE LTSS T EEE R I

) KEERERE N

LR EESER R R BN

)RR KRRk KB RE Rk KE kxR 3
) Mok R Rk kK ] 5k R RO
) REE K KT A KKK KK

)t***#*t***
)t**t***#*
) *

* %k

-

)

Biauricular width:

18.400
18.2900
18.090

17.800

17.06900
17.490
17. 200
17.000
16830
16.600
16.430
16.200
16.000
15.800
15.60900
15.400
15.200
15.000
14.3830
14.600
14.400
14,200

*
* »*

*
*

— — N e -
#* *

) *
)****#****

L2 R R J
**
* ¥k

*
*

* %

*

%

EE KRk
SIS IIIIT:
Ak EE KK

IR EEEERINES LSS S

) REEE Rk
) RE kR AR

Rk kkkkxk 13 .

ok ok okok ok ok X

IRAEELTEE XS NTE T

) Rk KKk
)f*t*t*****
-)t&*k

)
)

) *

)

)

k& K
* 4k %
kKX
- %
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Interorbital width:

15.500 )

15.600 ) -

15.400 ) x4

15.200 ) %%

15.000 ) *= . XK K

14,890 ) *xx x

14600 ). TSR

14,400 ) *x*akx ok Ak

14,200 ) **x*%x ok ok

14,000 ) *xx*ekbnx ook K Kk

13.800 ) ***kxuxsx EREEREXER 16

13.600 ) *kkdianrnlysnkeeenss]?

13,400 ) *kkkkrek HAKERKKKK

13,200 ) #**x% L

13.000 ) *kesexka]Drkkkn

12.800 ) **x* * %

12.600 ) *%

12.400 ) *

12.200 ) * bt *

12.000 )

11.800 )

11.600 )

Orbital length:

12.009 )

11.850 )

11.700 ) .

11.550 )% * >
11.400 ) * *

11.250 ) *

11.100 ) *%x* * kK ‘
10.950 ) ***xx * Rk k& |
10.8C0 ) *¥***ksxxxx * kK i
10.650 ) *¥*x*xx%x Kk ok &

10.500 ) *¥Ekkxkkkn iy osbrseex®l
10.350 ) *xexnrnk k] Joknkknkhs 1]
10.200 ) **xkpkenks Sxkkekrrx)(

10.050 ) **x* £xk 0
9,900 ) *¥xkx%x ETTYY
9,750 ) *x TIT N
9.600 ) *¥kxkx *

9.450 ) . :
9.300 ) * *
9.150 )
9.000 )

)

8.850



Orbital

11.050
11.700
11.550
11.490
11.250
11.100
10.950
10.800
10.65C
10,599
10.350
10.200
10.050

9.900

9.750.

9.600
YalidU
-9.300

¥.150"

9.000
8.850

width:

)

)

) *

)

)

)

) *®* x

) *

) * *

) Kk K & >k Kk K kK

) EEEK KK ook Rk
)tt****ttt1qt*t*t****17
) EE R ok koo k11

LA TR E R LL LR L E AN
LA EAETELARELLER,
REAAAEELE IR L LE L

) ** TR
) ** , * K
)**'

)
)

Height of the brain case:.

17.200
17.000
16.820
16.600
16.400
16.200
0000
15.800
15.600
15. ¢ o
15, 200
T 70
4,500
T4

14.70¢
14.7 30
T4.. .0
13.c50
13.60¢
13. 90
13.200

)

)

) *

)

)

) -

) *%

) ko *

) * * %k _
) ®x* *k %k

) ¥R . &k kA

} K k% * % K kX
T 3R 2 ko kkkkk 1Y

ko kk kR DRk kk kR k]l
SRRk R ] Dk R R A Ak KR
B3I EEBELEEE LSS LN
Sk kE A kkkK kK kKK

T oEkEkE
* %
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Distance from ophisthion to opistocranion:

13.800
13.050
13.500
13.350
13.200
13.050
12.900
12.75V
12.0630
12.459
12.300
12.150
12.000
11.850
11.700
11.550
11.400
11.250
11.100
10.950

o

)

)

) * %

)

) *

) * *

) * ok K

) *x NI

) * Kk K Aok Rk kR R Yy
) wEE 2211 TT

) RAoRR R Rk R R xRk kkk kK Y
) EEkRRE Rk LE L RS T
) KRR ARk k]G oKk R R K K

) Kk * ok

) R R KKKk k] Kk ko kK K

) ¥Rk x * X

) K

) * %

) *

)

Molar row length (Ml - M3

10.650
10.500
10.350
10.200
10.059
3.900
9.750
9.630
9.450
9.390
9.150
Y.000
8.850
8.700
8.5590
8.400
8.250
8.100
7.950
7.800

)

).

) *

)

)

)

)

)t

) %

) ** £ K%

) x% *

) R kKER kR AR Ok k]
) #EE KK EERKERE KK
) RERRR KRR TRk kR Rx ] ]
) FHE Rk S IIITIL L
IREEE R EL TR NI R P I r g ay Y
) * %% xx

) *xkx Xk K

) x%

)
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Bimolar

17.5590
17.400
17.250
17.100
16.950
16.800
1o.bb0
To. 590
16350
16.200
16.050
15.900
15.750
15.600
15.450
15. 300
15.150
15.000
14.850
14.700
14.550
14.400.

width:

)

) k% ¥ *

) %k

) e **

y *x *

) Kk kX ok K kK Kk
) Rk kK * Ak K

) EEE N BRI IIEIEZE
) HEEK KKK ok koK ok kK K
)t*#t #*t*f**t*11
) EE ok * K KKK K
AR AELEERIELLEELEN
) Kk xk kKK * Xk

) KKK * 4ok Kk
L*t* * ok K

) ok ok K * %

) * kK K

) Kk * %

)

)

r\\\JQN *.
) .

)

Incisor width:

7.125
7.950
b.975
6.920
6.825
6.750

6.675:
5.600

6.525
"b.450
6.375
b.300
D.225
0. 150
b.075
5.000
5.925
5.850
5.775
5.700
5.625
5.550

¢

)

) *

) * X

) - % Xk

) .

)* L X 3

) %ok Kk kK%
)*#*#** : kxR kkkkk§3
) o

)*** & & ok ok &k ok k kX
) *k k% k *® Kk ok k kX kK

) >k Ak ok kK *kxkxkkkx i3

AR EL R PEE LSS
EITTEETE RIS EE T
) REEKFERE K]S RN

)#tttt#*k*12t***
) ®® k%
) *

)

) | .o
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Length ot the molar toth row (M; - Mz):

10.800

)

10.700 ) *
10.b00 )
10.500 ) *
10. 490 )
10.39v )

10.200 ) =%
10,100 ) ***
10.000 ) **

9,900 ) x%k**x
9.8U0 ) *xkkrre®d]]
g,70U ) *xkExkx
.60 ) FexEREEE S
Y.500 ) Fxxxkrkx
9.400 ) *x*

9,300 ) *¥*x**x
g,200 ) ®¥xEkeAkb*k
9,100 ) kek%%k
3.000 ) **

8.900 ) *xx

8.800 ) *

8.700 )

Jaw length:

38.000 )

37.600 )

37.200)

36.300 )

36.400 ) **

36.0030 ) *

35.600 ) *x*

35,230 ) **

34,8300 ) ***x
34.400 ) ®xExRRRX
3.000 ) skkxkkrkxk
33.600 ') ¥xxkexx
33,200 yxxxkxrxkx]
32.800 ) *¥sxxkdkax
32.400 ) *ExkEXk%
32.000 ) **

31.600 ) *¥=*

31.200 ) *x*

30.800 ) *x*x*
30.400 )

30.090 )

29.600 ).

e

£ 3
*
* K K

Ak Ok X

ok kX

KK K

IR
kK k Kk ok kX
xRk k1)
kR kR k& Xk
*Ok o ok ok ok K K K
ok KOk

- koK Kk

x

*

*

* kX
* k

* KoKk ok Kk

* k&

2k ok ko ok koK K

EE LR E

xkEK Rk RXk T

*t#‘**#§*11.
1Rk kkkk
PEEEEEZE S LS 3

£KE K&

* Xk %k

*

* %

x
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Height of the ascending }QEEJ:

1

»

15.490 )

15.2J0 ) *

15000 ) . *

14.8%0 * %
14,006 ) * x

14.400 ) Yy
14,200 ) * * ok Kk
14,000 ) *¥*xx K K
13.3800 ) *%kkknk Tk &
13.000 ) ®%xxx ok ok kA x k] ]
13,400 ) ¥xkkrdnk) P REKE KKK
13.200 ) *¥%xxetkx«k KR K KX

13.000 ) ®%kkkkrkkk kbkkakExk

12,800 ) ¥Rk kkkka] ] Rk R k&

12,000 ) k¥ s ks * % K %k
12.40U ) **x * %
12.200 ) *x%

12.000 ) %=

11.800 ) *x* ‘ *
11,600 ) *

11.400 ) *

11.200 )

Height of the mandibular condyle:

10.230 )

10.050 )

9.9J9 ) * X

9.750 ) *

9.000 ) * *

J.450 Yy* s

G.300 ) %% kK KR
9.150 ) * R LEE

J.000 ) xkkkFxk KKK &
8.850 ) ** LR R

B.TOU ) ¥xkxkskhhk Xekexkiks 1y
3.550 ) kxxxx # %ok K %

BouDy ) ¥*kkmskar]Irratsrkxnlf
Bo2Hy ) *¥¥kEnxxk *

.10 ) kEkkEks * ko

7.950 ) *xxxxek& * %

To8JU ) kEEX XXX * %

T7.650 ) *%

7.500 )%
7.350 ) *
7.200 )
7.050 )



Length of the maxillary tooth row:

20.1700
20.400
20.100
19.400
19,500
19.2090
18.900
18.690
18.300
18.000
17.700
17.400
17.100
16.800
16.500
16.200
15.9930
15.690

)
) *
)

)‘##*

*

IRAEEELEERE LTI PPy

)

<

IR R R L LR R R R e

)

)****###**

KRk kRRx AR T(

) R AR K TR Rk Rk XKk DD

)

) Rk kR K k] ] Rk %

)*
) ®kkk

e
*

* %k
*
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Format Note

Tables 2 - 25 follow.a standard format:

(1) Each sex and the combined sex columns are
arranged as follows:

average S.D.
(minimum - maximum)

N C.V. : ' ,
(2) The F - ratio. is asterixed (*) if significant
at ¢ = 0.05. Table 25 indicates a significance

at a = 0.01 by double asterices (**).

=



Table 2 Variation in totdl length

FEMALE MALE COMBINED F-RATIO
Bintan, .
345 360 352.50 10.61
(345 - 360)
1 1 2 3,00
Batam, P.
345.63 10.20 345.43 10.85 345.53 10.12 C0L00
(334 - 360) (333 - 358) (333 - 360)
8 2.95 7 3.14 15 2.93
Singapore
337.60 11.85 338.20 23.49 337.90 17.54 0.00
(323 - 325%) (305 - 365) © (305 - 365)
5 3.51 5 6.95 10 & 5.19
Pelepah, Sungei
345 345.00 7.07 345 .00 5.00 0. 00
(340 - 350) (340 - 350)
1 2 2.05 3. 1.45
Aor, P.
0 378.50 ¢ 9.19
(372 - 385)
2 2.43

Endau, Sungei

338.33 4.73 356.25 13.77 348.57 13.93 4,49
(333 - 342) (340 - 370) (333~ 370)
3 1.40 4 3.87 7 4.00
Tioman, P. -
324.60 9.84 330.59 0.71 326.29 8.54 0.64
(316 - 341) (330 ~ 331) (316 - 341)
5 3.03 2 0.21 7 2.62
Ginting Perah Bidai
361 342.00 19.80 348.33 17.79 0.61
» (328 - 356) : (328 - 1%56)
1 2 - 5.79 3 5.11
Bucki Besi
331.50 7.68 347 334.60 9.61 3.26
(320 - 336) (320 - 347)

4 2.32 I ‘ 5 2.87



FEMALE MALE ‘ COMBINED F-RATIO

Dungun, Tanijong

342. 86 7.22  338.50 2,12 341.89 6.58 0.65
(330 - 349) (337 - 340) (330 - 349)
L7 2.11 2 0.63 9 1.93

Maxwell. Bukit

329.0 8.49
(323 - 335)
-2 ' 2.58
Redang, P.
341.50 16.26
(330 - 353)
2 4.76
Perhentian Kechil, P.
367.00 9.90
(360 - 374)
2 2.70
Kampong Gunong
336.00 4.24
(333 - 339)
2 1.26
Langkawi, P.
308.83 17.22 324.50 6.26  317.79 14.14 5.75*
(290 - 330) (314 - 335) (290 - 335)
6 5.58 8 1.93 14 . 4.45
Kaki Bukit :
324 .50 0.71 324,50 0.71
(324 - 325) , (324 - 325)
2 0.22- _ 2 0.22
. o
Tarutao, K.
320.17 10.59 320.71 6.73 320.46 8.33 0.01
(309 - 335) (310 - 330) (309 - 335)
6 . 3.31 -7 2.10 13 R 2.60
Trang, Trang .- -
-335.83 16.25 0 332.50 11.73 334.17 13.62 0.17
(310 - 355) (320 - 350) (310 - 355) :

6 4.84 6 3.53 12 4.08

Mae Nam .
341.00 10.15 341.00 10.15

" (330 - 3509 (330 - 350)
.3 2.98 3 2.98



~l

FEMALE

Chong, Ko

348.25 12.

(336 - 365)

4 3.

Lamae, Klong

351.00 13.
(341 - 366)
3 : 3.
Si Chon

Ban Mong Klang

Zadetkyi Kyun

326.50 13.
(317 - 336)
2 4.
Kawthaung

1)
i

Letsok-aw Kvun.

323.50 9.
(317 - 330)
2 2.

Kanmaw Kyun

341.67 2
(340 - 345)
3 0
Klgng Yai
Lak, Ko
337

)

55

tJ
2]

44,

11

19

84

.89

.84

MALL

342.50 24
(325 - 360)

2
365 .00 9.
(358 - 372)

2 2
338.00 9,
(330 - 349)

4 2
355 .00 21,
(340 - 370)

2 5
330.50 10.
(320 - 343)

6 3
344 .50 17
(330 - 365)

4 5
315.33 4.
(310 - 318)

3 1
355.00 7.
(330 - 340)

2 2
362.50 10
(355 - 370)

2 2

75

90

.71

56

.83

.09

.45

.06

.11

.61

.93

COMB INED

346.33 14.

(325 - 365)

o 4.

356.60 - 13,
(341 - 372)

S 3
338.00 9,
(330 - 349)

4 R

355.00 21.

(340 - 37@)

329.50 10.

(317 - 343)
8 3

345 .60 15.
(330 - 365)

5 4.
318.60 7.
(310 - 330)

5 2.
339.00 5.
(330 - 345)

5 i
'382.00 14.
(372 - 392)

2 3
354.00 16.
(337 - 370)

3 4

94

31

.66

56

tD

.98

18

.09

a8 -

14

.70

52

.67

F-RATIO

1.89 .

2.40

3.85
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FEMALE

Tenasse;im
360

1

"Prachuap Khiri Khan
360

1

Trat‘
376.00 8.49
(370 - 382)
2 2.26
Chon Buri
Pak Tho
350.00 °~ 0.00
(350)
2 0.00
Kanchanaburi
336.00 17.42
(324 - 366)
S 5.18
Chai Yo

~Lat Bua Kao

(

Lop Buri
337.50 . 10.61
(330 - 345)

2 3.14

Ubon Ratchathani
386

1

MALE

365

342,67 17.79
(330 - 363)

3 ©5.19
386

1

375

343,

1

360.00 0.00
(360)
2 - 0.00

365.00 15.00
(350 - 380)
3 4.11

347.00  25.46
(329 - 365)
2 7.34

o ¥

3

4.

COMBINED
362.50 3.
(360 - 365)

2 0
347.00 16
(330 - 363)

4 A
379.33 8
(370 - 386)

3 2
370.00  14.
(360 - 380)

2 3
358.33  14.
(350 - 375)

3 4
337.17  15.

- (324 - 366)

6 4
360.00 9
(360)

2 0
365.00 15

(350 - 380)
3

1337.50  10.
(330 - 345)

2 ‘ '
360.00  28.
(329 - 386)

- 8

‘-

3.

.98

.91

.87

.33

.20

14

.82

43

.03

84

.70

.00

.00

.00

11

61

14

83

.01

0.

- F-RATIO

.71

.93

13

.56
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FEMALE MALE COMBINED F-RATIO

Nakhon Rat chashima

364,33 30.02 394 371,75 28.65  0.73
(335 - 395) (335 - 395%)
3 8.24 1 4 7.71
Nakhon Sawon .
345.00 15.52 356.83 13.59  351.45 15.06 1.82,
(328 - 366) (340 - 373) (328 - 373) ‘
.5 4.50 6 3.81 11 . 4.29
Khlong Khlung
345.67 4.04. 345.67  4.04
(342 - 350) (342 - 350) i
3 1.17 3 1.17
Khon Kaen :
362.80 7.05 361.67 17.10 362.07 13.98 . 0.02
(352 - 370) (338 - 390) (338 - 390)
5 1.93 9 4.73 14 3.86
Moulmein ' .
355.00 0.00 360.00 10.00 358.00 7.58 0.45
(355) (350 - 370) (350 - 370)
2 0.00 3 2.78 5 2.12
Dan Sai
355.00  10.00 356.25  10.61 349.17 14.43 11.07*
(330 - 350) (340 .- 370) (330 - 370) '
4 . 2.99 8 2.98 12 - 4.13
. Udonthani :
7 370.00 8.66 370.00 . 8.66
(365 - 380) (365 - 380) '
3 2.34 3 2.34
Chiang Mai :
340.00 4,24 361.63 9.67 357.30 12.56 8.91*
(337 - 343) (350 - 375) (337 - 375)
2 1.25 8 2.67 10 3.35
Nan = '
354,33 18.64 374.00 22.63 359.25 20.11 .1.55
(335 - 390) (358 - 390) (335 - 390)
6 5.26 2 6.05 8 5.60
Pai :
325.50 12.02 325.50 .12.02
(317 - 334) (317 - 334)

2 3.69 2 3.69 - B



FEMALE
Wet Kyun
327.67 " 8.74
(318 - 335)
3 2.67
Myitkyina ‘
328.00 5.57
(322 - 333)
3 1.70

MALE
329.00 17.69
(310 - 345)

3 5.38
362.00 11.31
(354 - 370)

2 +3.13

COMBINED

F-RATIO
328.33 12.50 0.01
(310 - 345)
6 3.81,
'341.60  “19.86 21.90*
(322 - 370)
5 5.81
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Table 3
FEMALE MALE
Bintan, P,
147.50 3.54 155.00
(145 - 150) (150 - 162)
2 2.40 3
Batam, P, .
153.38 5.13 151.86
(145 - 160) (141 - 161)
8 3.34 7
Singapore
156.20 2.68 155.60
(154 - 160) (140 - 162)
o5 1.72 5
'
Pelepah, Sungei .
158 165.00
(158 - 170)
1 2
Aor, P.
Endau, Sungei .
150.33 7.02 161.00
(143 - 157) (151 - 173)
3 4.67 4
Tioman; P. _
146.00 6.00 158.50
(140 - 152) ) (152 - 165)
5 4,11 2 S
- Ginting Perah Bidai .
166 165.50
{160 - 171)
1 2
Bucki Besi
151.50 9.47 152
- (140 - 163)
4 6

.25 1

6.

4.

7.

4.

9.

5.

7.

4

9.

6.

9.

5.

7

4.

89

24

94

07

.29

93

16

19

80

.78

70

COMBINED
152.00 6.28
(145 - 162)

5 4.13
152.67 6.11
(141 - 161)

15 4,00
155.90 . 6.42
(140 - 163)

10 S 412
162.67 ,  6.43
(158 - 170))

3 3.95
182.50  10.61
(175 - 190)

2 5.81
156.43 9,91
(143 - 173)

7 6.34
149.57 8.68
(140 - 165)

7 5. 80
165.67 5.51
(160 - 171)

3 3.32
151.60 8.20
(140 - 163)

5 5.41

Variation in tail length

117

0.22

0.02

0.65

2.47

4.88

0.00

0.00°

pl2
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FEMALE MALE COMBINED F-RATIO
Dungun, Tanijong .
159.57 9.50 162.25 6.60 160.55 8.31 0.24
(152 - 178) (155 - 170) (152 - 178)
7 5.95 4 4.07 11 5.18
Maxwell Bukit ' - -
' ' 152,50 3.54
(150 - 155)
2 2.32
Redang, P,
Y 171.00 11.31
: ‘ (163 - 179)
2 6.62
Perhentian Kechil, p,
' 186.50 3.54
(184 - 189)
* 2 1.90

Kampong ' Gunong . o .
62.5 13.4

(153 - 172)
2 1,59
Lahgkawi; P. . : T -
139.83 8.42 148.75 11.18 144,93 1075 . 2.65
(133 - 154) (129 - 167) - (129 - 167)
6 6.02 8 7.52 14 7.42
Kaki Bukit i . .
157.50 10.61 . 157.50 10,61
(150 - 165) , , (150 - 165) )
2 6.74 2 6.74 ! ]
Tarutad, Ko ~ _ ‘
146.86 5.27 144,29 5.35 145,57 5.27 0.82
;(140 - 155) ‘ (135 - 150) n (135 - 155)
7 3.59 7 , 3.70 ‘ 14 _ 3.62
Trang, Trang , o : _
- 156.83 7.49 167.50 8.80 162.17 9.58 5.11*
(150 - 170 ' (160 - 180) (150 - .180)
6 4,78 -6 5,26 12 5.91
Mae Nam. ' ' ) .
‘165 . 158.67 6.51 160.25 6.18 0.71
(152 - 165) ° (152 -.165) .

1 3 4.10 4 - 3.86 '



FEMALE

Chong, Ko
171.50
(162 - 181)
4

Lamae, Khlong
162.00
(156 - 170)

3

Si Chon

.Ban. Mong Klan

Zadetkyi Kyun
152.00
(152) -

2

Kawthaung
"157.50
(155 - 160)
2

Kanmaw Kyun
156.67 -
(150 - 160)

-3

Klong Yai

Lak Ko
165

1

7.

4.5

VAR

4.4:

g

0.

0.

3.

2.

Letsok-aw Kyun
153.50
(152 - 155)

.2

2.,

1.

5.

3.

MALE

2 .

158.00, 19
(144 - 172)
2 2
169.00 2
(167 - 171)
2 0
15650 6
(150 - 165)
4 4
175.00 35
(150 - 200)
2 20.
153.67 4
(150 - 159)
6 2
158.75 8
(152 - 168)
4 s
1137.00 1
(135 - 138)
3 1
151.00
(150 - 152)
2 0
182.50 0
(182 - 183)
0

.80

.53

.83

.17

.87

.38

.36

20

.23

.76

.06

.08

.73

.26

.41

.94

.71

.39

. COMBINED
167.00 - 12.
(144 - 181)

6 7
164 .80 6.
(156 - 171)

5 3
156.50 - 6
(150 - 165)

4 4
175.00 3.
(150 - 200)

2 20
153.25 3
(150 - 159)

8 2
158.33 6
(152 - 168)

6 4
'143.60 9,
(135 - 155)

5 6
154.40 5
(150 - 160)

5 3
188.50 12
(180 - 197)

2 6
176.67 10.1
(165 - 183).

3 5

a1

.67

.53

.97

.87

.38

.65

.38 -

.47

.08

.39

.18

.35

.02

.38

.73

F-RATIO

1.68

1.58

0.28

0.04

93.34*

1.68 -

408.33*% °

119



FEMALL ®

Tenasserim
175

1

Prachuap Khiri Khan

185
1
Trat
186.00 1.41
(185 - 187)
2 0.76
Chon Buri
Pak Tho
- 182.50 17.68
(170 - 195)
2 9.69
Kanchanaburi
168.40 ~ 13.24
(156 - 190)
5 7..86
Chai Yo
Lat BuaAKap
Lop Buri
172.50° 3.54
(170 - 175)
2 . 2.05
Nakhon Ratchasima
178.67 21.50
(157 - 200)

3 12,

03

MALE

168.33 10.41
(160 - 180)
3 6.18

194

190

174

186.50 2.12
(185 - 188)
2 1.14

176.67 9.07
(170 - 187)
3 5.14

198

COMBINED
180.00 7.07
(175 - 185)

2 3.93
172.50 11.90
(160 - 185)

4 6.90
188.67 4.73
(185 - 194)

3 2.50
187.50 17
(175 - 200)

2 . 9,
185.00 13.23
(170 - 195)

3 7.15
169.33 12.06.
(156 - 190)

6 7.12
186.50. 2.12
(185 - 188)

2 1.14
176.67 9.07
(170 - 187)

3 " 5.14
172.50 3.54
(170 - 175)

2 2.05
183.50 20.04
(157 - 200)

4 10.92

>

F-RATIO

0.15

0.61

120



FEMALL

Ubon Ratchathani

181

1

Nakhon Sawon

176.00 15.
(155 - 195)
5

Khlong Khlung

9.

3.

7.

9.

3'.

Khon Kaen
183.60 6
(173 ~ 190)

5 3

MoulmeiR ‘
172.50~ 3.
(170 - 17%)

2 2

Dan Sai
162.50 5
(160 - 170)

4 .

Udonthani

Chiang Mai

- 170.00
(165 - 175)

Nan
179.33 16.
(150 - 200)

6

Pai
171.50
(169 - 174)

5 .

2.

88

.43

.50

.05

.00

08

.95

42

15

06

MALL

176.00

(173 -
3

181.17
(160 -
6

175.00
{170 -

179,89
(160 -

o)

175.00
(170 -

180,63
(165 -

186.67
(180 -

181.25

(165 -

192.50
(185 -

181)

to

12.

195)

180)

11.

195)

180)

10.

200)

11
200)

10.

195)

10
200)

.00

.86

84

.00

.55

.19

42

.75

61-

.51

COMBINED
177.67 4.
(173 - 181)

3 2,
178.82 13.
(155 - 195)

11 7.
175..00 5,
(170 - '180)

3 2
181.21 9,
(160 - 195)

14 5
174.00 4.
(170 - 180)

5 2
174.58 12
(160 - 200) .

12 7.
186.67 11
(180 - 200)

3 6.

‘ e
179.00 10
(165 - 195)

10 5
182,63 15
(150 - 200

8 - 8.
171.50 3.
(169 - 174)

2 2

1o

34

56

00

.86

66

33

18

.40

.70

27

.55

19

.60

.75

.67

58

.06

F-RATIO

0.93

0.45

2.00

1.07



FEMALE

Wet Kyun
150.00 3.54
(145 - 155)
5 2.36
Myitkyina
169.00  8.19
(162 - 178)
3 4.84

MALE

147.33 10.79
(135 - 155)
3 7.32

182.50 6.36
(178 - 187)
2 3.49

COMBINED -

149.00 6.50
(135 - 155)
8 4.36

174 .40 9.91
(162 - 187)
5 5.68

F-RATIO

0.28

3.76

122
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Table 4 Variation in body length

FEMALE v MALE COMBINED F-RATIO
Bintan, P.
200 210 / 205.00 . 7.07
: _ { (200 - 210)
1 1 N 2 3.45
.Batam, P. '
192.25 8.57 193.57 4.89 192.87 6.89 0.13
(180 - 202) , (185 - 197) (180 - 202)
8 4.46 7 2.53 15 3.57
Singapore '
181.40 9.40 182.60 15.09 182.00 11.87 «0.02
(169 - 195) (165 - 202) (165 - 202)
S 5.18 5 8.27 10 6.52
Pelepah, Sungei ‘ : ‘_ . :
187 » 180.00, 0.00 182.33 ~4.04
(180) (180 - 187)
1 ' 2 0.00 3 Too2.22
Aor, P. »
196.00 2 1.41
(195 - 197) /
2 0.72
Endau, Sungei - ‘
188.00 4.36 195.25 4.65 192.14 5.67 4,38
(183 - 191) (189 - 200) (183 - 200) '
3 2.32 4 2.38 7 - 2.95
Tioman, P, : .
178.60 6.31, 172.00 8.49 176 .71 6.99 1.35
(172 - 189) (166 - 178) (166 - 189)
5 3.53 2 - 4.93 7 3.96
Ginting Perah Bidai
195 176.50 12.02  182.67 13.65 1.58
(168 - 185) (168 - 195)
1. p 2 6.81 3 7.45
Bucki Besi ' ‘ )
180.00 5.72 195 183.00 8.3  5.51
(172 - 185) : ’ (172 - 195) ' .

4 3.18 1 5 4.56

~



FEMALE

Dungun Tanjong

183.29 9.
(165 - 191)
7 5.

Maxwell Buckit

Redang, P.

Perhentian Kechil, P.

Kampong Gunong

~.

Langkawi, P.-
169.00 11.
(157 - 190)

6 ‘ 6.

Kaki Bukit
167.00 9.

(160 - 174)
2 5

Térutao, Ko
173.00 12.
(158 - 185)

-6 7

Trang, Trang

179.00 16.
" (160 - 200)
6 9.

Mae Nam

27

06

76

956

.93

17

.03

91

45

P

30, 412 3

-

MALE COMBINED
181.50 4.95  182.89 8.
(178 - 185) (165 - 191)

C 2 2.73 9
~76.50 " Ja.
$(173§> 187{
2 0
170.50 4
(167 - 174)
2 2
77 180.50 13
(171 - 190)
2 7
173.50
(167 - 180)
2
175.75 6.21 ® 172486
(168 - 185) (157 - 190)
8 3.53 14 5
167.00 9
. (160 - 174)
; 2 5
176 .43 4.76  174.85 8
(170 - 180) (158 - 185)
7% 2.70 13 4
165 .00 6.33 172700 14.
(160 - 175) (168 - 200)
.6 3.83 12 8
- 182.33 '7.51 182.33 - 7
(178 - 191) (178 --191)
4

.36

.90

93

.73

.99

.26

.51

.12

124

F-RATIO
0.06
=
\>
é
1.95
0:48
3.61



FEMALE

Chong, Ko

176.75 12.
{(loo - 192y -
.87

4 O

Lamae, Khlong

189.00 6.
(185 - 196)
3 3.
Si Chon

Ban Mong Klang

Zadetykyi Kyun

174,50 13
(165 - 184)
2 ’ 7.
Kawthaung
190
1
Letsok-aw Kyun
170.00 7.
(165 - 175)
2
Mmmmeh
185.00 S
(180 - 190)
3 2
Klong Yai
Lak, Ko
172

4.

15

08

to
1o

.44

70

07

16

.00

.70

MALLE
184,50 1,05
(181 - 188)

2 2,08
196.00 7.07
(191 - 201)

2 L3601
181.50,  5.74
(178 - 190)

4 3.17

180.00 14.14

(170 - 190)
2 0.08

176 .83 6.59

(170 - 184)

6 3.72
185.75 9.39
(178 - 197)

4 5.06
178.33 2.89
(175 - 180)

3 1.62
184.00 5.66
(180 - 188)

2 3.07

180.00 11.31
(172 - 188)
2 6.29
|

COMBINED

179 .33
(166 -
6

191.80
(185 -
5

181,50
(178 -
4

180.00
(170 -

5

<

176.25
(165 -
8

186.60
(178 -
5

175.00
(165 -

184.60
(180 -

193.50
(192 -

177.33
(172 -

10
192)

5

0.

201)

RN

5

190)

S

o

.83

76

.74

.17

.08

.61

.35

.48

.50

.56

.47

.12
.10
.24

.21

I-RATTO

¥

(&3]

0

09

.75

.04

.33



FEMALE

Tenasserim
185

1

Prachuap Khiri Khan

175
1
Trat
190.00 7.07
(185 - 195)
2 3.72
Chon Buri
. Pak Tho
167.50 17.68
(455 - 180)
2 10.55
Kanchanaburi
167.60 5.86
(160 - 176)
5 3.49
Chai Yo
Lat Bua Kao
Lop Buri .
165.00 14.14
(155 - 175)
2 . 8.57
Nakhon Ratchasima
185.67 8.62
(178 - 195)

3 4.65

MALL
180
174.33

(165 - 183)
3 5.17

9.02

AN
192

1

185

169

173.50 2.12
(172 - 175)

2 1.22

183.33 7.23
(180 - 193)

196

3.84

COMBINED
182.50 3.
(180 - 185)

2 1
174,50 7.
(165 - 183)

4 4.
190.67 5
(185 - 195)

3 2
182.50 3
(180 - 185)

2 1

173,33 16
(155 - 185)

3 wn. 9.
167.83 s,
(160 - 176)

6 - ‘3.

p

173.50 2.
(172 - 175)

2 1.
188.33 7% 7.
(180 - 193)

3 3.
165.00 14,
(155 - 175)

2 8.
188.25 8.
(178 - 196)

4 4.

54

.94

(2]
to

13
69
.54

.94

84

14

57

64

F-RATIO

0.00

0.05

0.65

0.05

1.08

126



FEMALE

Ubon Ratchathani

205
1

Nakhon Sawan
169.00
(163 - 177)
5

Klong Khlung

Khon Kaen
179.20
(170 - 187)
5

Moulmein
182.50 ‘
(180 - 185)

2 .

<

Dan Sati

172.50 12.

(160 - 190)
4

Udonthani

- Chiang Mai

170.00

(168 - 172)
2

Nan

175.00 10.

(165 - 190)
6 T

Wet Kyun
179.33
(168 - 185)
3

5.

S,

6.

P

5.

3.

1

7.

2.

1

5

9.

5

~d

92

.94

58

29

.66

00

.71

.47

MALE

171.00
(150, - 192)
2 17.
175.6° 9
(165 - 187)
6 5
170.67 1
(170 - 172)
3 0
181.78 . 11
(166 - 200)
9
185.00 3
(180. - 190)-
3 2
175.63 9
(160 - 190)
8 5
183.33 2
(180 - .185)
3 1
180.38 8
(1@ - 190)
8 4
181.50 12
(173 - 190)
2 6
181.67 7
(175 - 190)
3 4

29.7

~1

(2}

.07

.16

15

.68 -

.28

.00

.70

.80
.58
.89

.57

.30
.60
.02

.62
54

.20

o
COMBINED
182.33 28
(150 - 205)
3 15,
172 .64
(163 - 187)
11 4
170.67
(170 - 172)
3
180. 86"
(166 - 200)
14
184.00
(180 - 190)
S .
174.58 10
(160 - 190)
12 5
183.33 2
(180 - 185)
3 1
178.30 8
(168 - 190)
10 - 4
176.63  10.
(165 - 190)
8 5
180.50 7
(168 - 190)
6 4

91

.89

.57

.58

.81

.69

.97

.41

F-RATIO

-

02

=81

0.

59

.11

127
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FEMALE MALE COMBINED : F-RATIO
Pai
154 .00 15.56 ) 154.00 15.56
(143 - 165) (143 - 165)
2 0.10 2 0.10
£
.
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Table 5 Variation in foot length

FEMALE MALE COMBINED F-RATIO
Bintan, P. . :
45.50 0.71 46 .67 1.16 46,20 1.10 1.55
(45 - 46) -~ (46 - 48) (45 - 48) :
2 '1.55 3 2.47 5 2.37
Batam, P. “ ,
" 44.50 1.31 45.14 - 1.57 44 .80 1.42 0.75
(43 - 47) (43 - 47) (43 - 47)
8 2.94 7 3.49 . 15 3.18 )
" Singapore ,
42.78 2.11 - 44 .20 0.84 43,29 1.86 2.03
(41 - 46) ° (43 - 45) (41 - 46)
9 4.93 5 1.89 14 . 4.29
Pelepah, Sungei » ‘ . o
43 43.50 2.12 43,33 1.3 -~ 0.04
(42 - 45) . (42 - 45)
1 2 4.88 3 3.53
Melaka . v
44,50 2.12 o 44 .50 2.12
(43 - 46) , (43 - 46)
2 4.77 2 4,77
' pul
Aor, P. )
‘ 42.50 0.71
(42 - 43)
2 1.67
Tioman, P. v
40.20  1.30 40.00 1.00 - 40.13 1.13 0.05
(39 - 42) (39 - 41) (39 - 42)
5 3.24 3 2.50 8 2.81
Ginting Perah, Bidai '
45 - 45,50 - 2.12 45.33 1.53 0.04
(44 - 47) (44 - 47)° '
1 2 4.66 3 3.37
Bucki Besi : . . .
41.25 0.96 43 A 41.60 1.14 2.67
(40 - 42) (40 - 43)

4 2.32 1 .5 2.74
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FEMALE = MALE COMBINED F-RATIO
Dungun, Tanjong
44 .67 1.15 44.67 1.15
(44 - 46) (44. - 46)

3 2.586 3 2.59

Maxwell Bukit
42.50 0.71

(42 - 43)
2 1.67
Pinang, Ko .
42.67 0.58 43.00 0.00 42.80 0.45 0.60.
(42 - 43) (43) (42 - 43) :
3 1.35 2 0.00 5 1.04
Redarig, P.
41.00 1.41
(40 - 42)
2 3.45

Perhentian Kechil, P.
45.50 0.71

(45 - 46)
2 1.55
Kampong Gunong . ‘ %
44 .50 0.71
(44 - 45)
2 1.59
Langkawi, P. .
41.83 1.47 42.29 1.11 42.08-  1.26 0.40
(40 - 44) : (41 - 44) . - (40 - 44)
6 3.53 7 2.63 13 2.98
Kaki Bukit . I K
39.00 1.41 39.00 1.41
(38 - 40) , - (38 - 40)
2 3.63 . ‘ 2 3.63
" Tarutau, Ko -
42.29 0.49 . 42.29 0.95 42.29 | 0.73 0.00
(42 - 43) (41 - 43) (41 - 43) o
7 1.15 7 2.25 14 1.72
Trang, Trang o :
- 41.00 2.00 - 41,33 2.16 41,17 . 1.99 0.08
(40 - 45) (40 - 45). (40 - 45)

.6 4.88 6 5.23 12 4.847°



FEMALE

Mae Nam
42

1

Chong, Ko
43.00 1.83
(41 - 45)
4 4.25

Lamae, Khlong
' 43 .67 1.16
(43 - 45)

3 ©2.65

Ban Mong Klang

Zadetkyi Kyun
43

1

Kawthaung o
42 .50 0.71
(42 -~ 43)

2 1.66

Letsok-aw Kyun
41.50 0.71
(41 - 42)

2 1.70

Kanmaw Kyun
42 .33 .1.16
(41 - 43)
3 2.73

e

Klong Yai

Lak, Ko
40

MALE

42.67
(42 - 43)
3

43.00
(42 - 44)
2

45.00
(45)

42.50
(40 - 45)
2

43.67
(43 - 45)
3 .

43.67
(43 - 44)
3

44.00
(43 - 45)
2

43.00

(43)

42.00
(42)

0.58

1.35

1.41

3.29

0.00

3.54

8.32

1.16

2.65

0.58
1.32

1.41

3.21

0.00

0.00

0.00

0.00

COMBINED
42.50 0.
(42 - 43)
4
43.00 |
(41 - 45)
6 3
44:20 1
(43 - 45)
5 2
42.50 3
(40 - 45)
2 8
43.50 1
(43 - 45)
4
43.20 0
(42 - 44)
5 1
42.75 1
(41 - 45)
4 3
42.60 0
(41 - 43)
5 2
43.50 2
(42 - 45)
2 4
41.33 1
(40 - 42)
3 2

.55

.60

.10

.48

.54

.32

.00

.30

.84

.94

.71

.99

.89

.10

.12

.88

.15

F-RATIO

1.00

0.00

2.40

0.25

4.20

5.00

0.60

0.00

131



132

FEMALE MALE . COMBINED ﬁ—RATIO
Tenasserim _
43.00 '0.00 43.00 0.00 43.00 0.00 0.00
(43) (43) . (43)
2 - 0.00 v 2 0.00 4 0.00
Prachuap Khiri Khan ) )
44 41.67 1.53 42.25 1.71 1.75
: (40 - 43) (40 - 43)
1 v .3 ' 3.67 4 4.04
Trat -
45.50 0.71 47 ' 46.00 1.00 3.00
(45 - 56) , ' (45 - 47)
2 1.55 1 3 2.17
Chbn Buri :
42.50 3.54
(40 - 45)
2 8.32
Pak Tho ' L
40.50 0.71 43 41.33 . 1,53 8.33
(40 - 41) , (40 - 43)
2 1.75 1 3 - 3.70
Kanchanaburi ‘
39.60 4.83 41 39.83 4,36 0.07
(34 - 45) - ‘ (34 - 45)
S 12.19 1 : 6 10.93
Chai Yo , '
N 42,50 0.71 42.50 0.71
(42 - 43) (42 - 43) S
2 1.66 2 . 1.66 i
~Lat Bua Kao ) ) . ‘
' 40.33 2.08 40.33 2.08
(38 - 42) (38 - 42)
3 5.16 3 5.16
Nakhon Ratchasima : ’ _
44 .67 3.06 47 o . 45.25 2.75 - 0.44
(42 - 48) ‘ _ (42 - 48) - :
3 6.84 1 4 6.09
Lop Buri :
42.50 3.54 42.50 3.54
(40 - 45) (40 - 45)

2 - 8.32 2 ~8.32



FEMALE

Ubon Ratchathani
43

1

Nakhon Sawon

40.60 0.55

(40 - 41)
5 1.35

Khlon« Khlung

Khon Kaen

44 .60 1.52
(42 - 46)
\ 5 - 3.40
Moulmein
45 200 ©1.41
(44 - 46)
2 3.14
Rangoon
Dan Sai
43,75 2.50
(40 - 45)
4 5.71
“Udonthani
Chiang Mai
‘ 40,00 - 2.83
(38 - 42)
2 7.07
Nan
42.20 ©2.17
(40 - 45)

5 5.14

MALE

44.00
(43 -
2

42.33
(39 -

45.00

(43 - 47)
4.

3

44 .89
(45 -
9

44.40

(42 - 46).

5

41.88
€40 -
8

4433
(42 -
3 .

43.38
(40 -
8.

45

45)

45)

46)

45)

46)

47)

1.

3.

2

<

2

0.

1

1

3.

2

6

2.

4.

2

.66

.28

.00

78

.74

.67

77

.59

.18

.50

.77

COMB INED
43,67 1.
(43 - 45)

3 2.
41.55 2.
(39 - 45)
11 5.
45.00 2
(43 - 47)

3 4
44.79 1
(42 - 46)
14 2
44.57 1
(42 - 46)

7 3.
44 .00 1.
(43 - 45)

2 3.
42.50 2.
(40 - 45)
12 6.
44,33 2.
(42 - 46)

3 4,
42.70 2.
(38 - 47)
10 6.
42.67 2.
(40 - 45)

6 5.

64

11

09

.00

.44

.05

.35

.51

F-RATIO

2

1

2.

1.

.33

.02

.23

.19

.43

81

39
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FEMALL

Pai
42.00
(41 - 43)
\

Wet Kvun
42.00
(41 - 43)
5

Myitkyina
44 .33
(42 - 46)
3

MALE

41.33
(41 - 42)

45.00

(40 - 48)

3

~ COMBINED

.42.00 1.41

(41 - 43)

2 : 3.37

41.75°  0.71
(41 - 43)

8 1.69

44.67 ' 3.08

(40 - 48)
6 6.89

o
Hi

"F-RATIO

L

1.88

0.06



.Table 6

FEMALE

Bintan, P.
49.50 0.71
(49.0 - 50.0)
2 1.43

Batam, P.
49.44 | 1.40
(47.0 - 51.5)

8 e  2.83
Singapore
47 .87 1.88
(44.5 - 50)
10 3.93
Pelepah, Sungei
' .49.5 '
"1
Aor, P,

Endau, Sungei
47 .37 0.25
(47.1 - 47.6)
3 0.53

Tioman, P.
45.90 0.77
(44.8 - 46.5)
5 1.67

Rompin, Sungei
48.80 0.57
(48.4 - 49.2)

2 0.86

Ginting Perah, Bukit

Variation in  condylobasal length

MALE
49.50 0.
(49.0 - 50,
3 1
49.43 0.
(48.5 - 49
7 1
48.50 0.
(47.0 - 49
8 2
48.50 0.
(48.0 - 49.
2 1
48.23 0
(47.2 - 49
4 1.
46.17 0
(45.5 - 46.
3 1.
48.75 1
(48 - 49)

2 2.

50
0)

.01

54

.5)
.08

99

.5)
.04

71
0)

.44

.93
.2)

93

.58

5)
25

.06

COMBINED
49.50 -~ 0
(49.0 - 50

5 R
49,43 1
(47.0 - 51
15 2
48.15 1
(44.5 - 50
18 3
48.83 0
(48.0 - 49
3 1
47.75 0
(47.5.- 48
2 0
47.86 0
(47.1 - 49
7 1
46.00 0.
(44.8 - 46
8 1
48.50 0
(48.4 - 49
2 0
48.75 1
(48.0 - 49
2 2

.50
.0)

.05
.5)
.12

.54
.0)
.20

.76
.5)
.56

.35
.0)
.74

.82
.2)
.71

.67
.5)
.46

.57
.2)
.86

.06
.5)
.18

\ .

F-RATIO

0.

0.

1.

2.

0.

00

.00.

73

33

31

27
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FEMALE

Bucki Besi
46 .68 0.45
(46.1 - 47.2)
4 0.96

Dungun, Tanijong
47:27 0.70
(46.2 - 48.5)

7 1.49

Maxwell Bukit

Pinang, Ko
46.67 1.16
(46.0 - 48.0)
3 2.47

Redang, P.

Perhentian Kechil, P.

Langkawi, P.
46 .65 0.52
(46.0 - 47.5)
6 1127

Kaki Bukit
47.65 0.50
(47.3 - 48.0)
2 1.04

Tarutao, Ko
46.00 0.96
(45.0 - 47.5)

7 2.08

Mae Nam

MALE
50.0
1
47.70 1
(46.9 - 48
2 2
47.00 0
(46.5 - 47
2 1
46.80 1
(43.0 - 48
9 2
45.60 O
(45.0 - 46
5 -1
47.17 2
(45.0 - 49.
3 4

.13
.5)
.37

.71
.5)
.50

.39
.0)
.96

.55
.0)
.20

.02

0)

.28

COMBINED
47.34 1
(46.1 - 50,
5 3.
47.37 0.
(46.2 -~ 48,
9 1
47.55 1
‘(46.2 48,
2 4
46.80 0
(46.0 - 48.
5 1
43.50 0.
(43.0 - 44,
2 1
48.00 0.
(47.5 - 48,
2 1
46.74 1.
(43.5 - 48,
15 2.
47.65 0
(47.3 - .
2 1
45.83 0.
(45.0 - 47,
12 1
47.17 2
(45.0 - 49,
30 4

.54

0)
25

75

5)

.57

.91

9)

.02

.91

0)

.94

71
0)

.63

71
5)

.47

10
0)
35

.50

0)

.04

81
5)

.76

.02

0)

.28

F-RATIO

43.68*

0.47

0.

0.

.13

06

70
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FEMALE

Chetig, Ko
47.00 2.16
(44.0 - 49.0)
4 4.60
Lamae, Khlong
47,83 0.76
(47.0 - 48.5)
3 1.60

Si Chon
45,45 0.07
(45.4 - 45.5)

2 0.16

Tao, Ko
45.43 '0.15
(45.3 - 45.6)
3 0.34

Zadetkyi Kyun
48.00 0.71
" (47.5 - 48.5)
2 1.47

Kawthaung
48.0

1

Lanbi Kyun

Letsok-aw Kyun
46 .00 0.71
(45.5 - 46.5)

2 1.54

Kanmaw Kyun
46.70 1.13
(45.9 - 47.5)

2 2.42

Klong Yai ~

MALE

47.25

0.35

(47.0 - 47.5)

48.00
(48.0)

47,03
(45.2

45.05

(44.8

48.22

(47.1

47.82
(47.0

48.0

46.0

0.07

0.00

0.00

1.41
48.6)

3.00

0.35
45.3)
0.79

0.78
49.0)
1.62

0.71
48.5)
1.47

COMBINED
-47.08 1
(44.0 - 49

6 3
47.90 0
(47.0 - 48

5 1
46.50 1
(45.2 - 48

6 2.
45.28 0
(44.8 - 45

5 0
48.16 0
(47.1 - 49

8 1
47.85 0
(47.0 - 48
6 1
47.30 0
(47,1 - 47

2 0
46.67 1
(45.5 - 48

3 2

- 46.47 0
(45.9. - 47
3 1

- 48.65 1
(47.8 - 49
2 2

.69
.0)
.58

.55
.5)
.14

.36
.6)

.30
.6)
.65

.72
.0)
.50

.63
.5)
.33

.28
.5)
.60

.26
.0)
.30

.90
.5)
.93

.20
.5)
.47

r

F-RATIO

39}
3]
3]

5.33

0.26
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138
FEMALE . N MALE - COMBINED ' F-RATIO

«1

Prachuap Khiri Khan *
45 .6 : 46 .53 2.08 46.30 1.76 0.15
(45.0 - 48.9) (45.0 - 48.9) ‘
1 ’ - 3 . 4.47 . 4 3.80
CHan, Ko

46.20 0.57
(45.8 - 46.6)

¢ . 2 1.22
Nong Kho, Khlong :
46.0 47 .20 0.71 46 .80 0.85 1.92
. (46.7 - 47.7) (46.0 ~ 47.7)
"1 2" 1.50 3 1.83
Pak Tho .
45,10 0.57 46 .2 : 45.47. 0.75" 2.52
(44.2 - 45.5) (44.7 ~ 46.2)
2 1.25 1 3 1.65
Bangkok ' o
47.30 1.38 _ 47.50 0.85 47.40 1.03 ) 0.05 ..
(46.1 - 48.8) ~  (46.6 - 48.3) (46.1 - 48.8) o ’
3 2.91 3 1.80 6 2.17
Kanchanaburi ’ . .
45.56 0.84 - 44 .25 0.78 45.19 0.99 3.59
(44.8 - 46.6) (43.7 - 44.8) (43.7 - 46.6)
5 1.84 2 1.76 7. 2.19
Lat Bua Kao
44 , 80, 2.40 44,80 2.40
(43.1 - 46.5) (43.1 - 46.5)
2. 5.37 2 5.37
Lop Buri ’
46.05 0.07 o 46 .05 0.07
(46.0 - 46.1) . (46.0 - 46.1)
;2 0.15 . A 2 0.15
— ?
Nakhon Sawon : ,
‘45.04 1.11 - 46.13 1.19 45.64 1.23 2.46
(43.9 - 46.0), (44.7 - 47.6) (43.9 - 47.6)
5 2.46 6 2.57 11 2.70
' Khlong Khlung
' 46 .63 1.50 46.63° 1.50
(45.1 - 48.2) (45.2 - 48.2)

3 3.23° 3 3.23



FEMALL [ MALE COMBINED L LATIO

i

Khon Kaen | ‘
45,96 0.76 ;46 .91 1,30 46,55 1.19 2.17
(45.5 - 47.3) (45.2 - 48.7) (45.2 .7

5 1.65 8 2.78 13 2.56
‘ ) P
Rangoon
. 47.00 0.00
(47.0)
2 0.00

Chiang Mai
44 .30 0.99 46.17 0.70 45.76 1.08 9.84*
(43.6 - 45.0) (43.6 - 47.0) (43.6 - 47.0)

2 2.23 7 1.51 9 2.36

Nan ‘

46 .67 0.76 44.6 - 46,15 1.21 5.49
(46.0 -~ 47.5) : (44.6 - 47.5)
3 1.64 1 4 2.62

Pai
45.50 0.71 ' 45.50 0.71
(45.0 - 46.0) (45.0 - 46.0)

2 1.55 : 2 1.55

Wet Kyun
46 .47 0.45 46.10 0.96 T 46,28 0.70 036
(46.0 - 46.9) (45.0 ~ 46.5) (45.0 - 46.9)

3 0,97 3 2.09 6 1.52

Myitkyina v
43,97 1.21 . 43,45 2.05 43,76 1.36 0.14
(42.7 - 45.1Y) . (42.0 - 44.9) (42.0 - 45.1)

3 2.74 . 2 4.72 5 3.11



Table 7 Variation in palatal length

FEMALE MALE
Singapore
27.60 0.91 28.47 0.29
(26.3 - 28.4) (28.3 - 28.8)
4 3.31 3 1.02
Endau, Sungei
27.07 0.38 27.55 0.39
(26.8 - 27.4) (27.1 - 28.0)
3 1.40 4 1.40
Tioman, P.
26.35 0.44 26.5
(25.8 - 26.8)
4 1.68 1
Rompin, Sungei
27.70 - 70.71
(27.2 - 28.2)
2 2.55%
Bucki Besi
26.90 0.38 28.2
(26.4 4 27.2)
4 1.42 1 ¢
Dungun Tanjong
26.76 0.53 27.2
(26.1 - 27.2)
7 —- 1.97 1
Maxwell Buckit
Langkawi, P. .
27.8 27.22 0.42
(26.8 - 27.9)
1 5 1.55

Kaki Bukit
27.30  0.85
(26.7 - 27.9)

2 3.11

COMBINED
27.97 0
(26.3 - 28

7 2.
27.34 0
(26.8 - 28

7 1
26.38 0
{25.8 - 26
5 1
27.70 0
(27.2 - 28

2 2
27.16 0
(26.4 - 28

5 2
26.81 0
(26.1 - 27

8 1
26.75 1
(25.5 - 28
2 6
27.32 -0
(26.8 - 27
6 1
27.30 0
(26.7 - 27

2 3

.81
.8)

.44
.0)
.59

.39
.8)
.48

.71
.2)
.55

.67

.2)
.46

.51

)

.88

.77
.0)
.61

.44
.9)
.63

.85
.9)
.11

140

F-RATIO

1.

.09

58 N



FEMALE
Si Chon
25.90 0.00
(25.9)
22 0.00
Tao, Ko

25.10  0.20
(24.9 - 25.1)
3 0.80

Zadetkyi Kyun

Kawthaung

Lanbi Kyun '~

Klong Yai

Prachuap Khiri Khan

25.0
1

" Chan, Ko

Nong Kho, Khlong
"25.2

A

Pak Tho
25.10 0.57
(2¢ - 25.5)

B 2.25

MALE
26.55 1
(25.0 - 27

4 3
25.15 0
(25.0 - 25

2 -0
28.10 0
(27.8 - 28

3 1
27.77 0
(27.3 - 28

1
26.27 1

(25.5 - 27

3 -4
26.45 0
(26.0 - 26

2 2
25.6

L

.05
.2)
.95

.21
5.3)
.84

.36
.5)
.28

.42
8.1)
.50

.24
.7)
.73

.64
.9y
.40

COMBINED
26.33  0.88
(25.0 - 27.2)

6 3.34
25.12 0.18
(24.9 - 25.3)

5 0.71
28.10 - 0.36
(27.8 - 28.5)

3 1.28
27.77  0.42
(27.3 - 28.1)

3 1.50
27.35  0.50
(27.0 - 27.7)

2 1.81
26.85 0.35
(26.6 - 27.1)

2 1.32
25.95 1.20
(25.0 - 27.7)

4 4.61
26.35  0.64

(25.9 - 26.8)

2 2.42
26.03  0.8S
(25.2 - 26.9)

3 3,27
25.27  0.49
(24.7 - 25.6)

3 1.95

F-RATIO

0.68

0.07

0.78

2.57

0.52
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FEMALE

Bangkok :

26.63 1.15
(25.0 - 27.8)
3 4.32

Kanchanaburi
25.70 0.74
(24.4 - 26.6)

) 2.87

Lat Bua Kao

pr Buri
25.30 0.42
(25.0 - 25.6)

2 1.68

Nak hon Sawan
25.12 -0.61
(24.3 - 25.8)

) 2.41

Khlong Khlong

Khon Kac.
25.54 0.30
(25.4 - 26.0)
5 1.16

Chiang Mai
24.0

1

Nan
26.5

1

Wet Kyun
26.60 0.57
(26.0 - 27.0)
2 2.13

MALE
26 .87 0
(26.1 - 27
3 2
24.75 0.
(24.5 - 25
2 1
24.45 1
(23.7 - 25
2 4
25.48 0.
(24.3 - 26
6 3
25.97 0
(25.1 - 26
3 3
26.26 O
(25.2 - 27.
8 3
25.53° 0.
(24.7 - 26
4 3
25.4
1
26.55 0
(26.4 - 26.
2 0.

.75
.6)
.80

35

.0)
.43

.06
.2)
.34

77

.4)
.03

.85
.8)
.29

.86

4)

.27

77

.5)
.01

.21

7)
80

COMB INED
26.75  0.88
(25.5 - 27.8)

6 3.28
25.43  0.77
(24.5 - 26.6)

7 3.04
24.45 .1.06
(23.7 - 25.2)

2 4.34
25.30  0.42
(25.0 - 25.6)
2 1.68
25.32  0.69
(24.3 - 26.4)
11 2.74
25.97  0.85
(25.1 - 26.8)
3 3.29
25.98  0.77
(25.2 - 27.4)
13 2.96
25.22  0.95
(24.0 - 26.5)

5 3.78
25.95  0.78
(25.4 - 26.5)

2 3.00
26.58  0.35
(26.2 - 27.0)
4 1.32

F-RATIO

to

.80

0.73

3.21

3.%&_

0.01
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FEMALE ‘ MALE _ COMBINED F-RATIO
Myitkyina .
24 .73 0.83 24 .4 24 .65 0.70 0.12
(23.8 - 25.4) , (23.8 - 25.4)
3 3.37 1 4 2.84
,
\



Table 8
FEMALE MALE
Singapore
20.83 0.51 20.87 0.15
(20.3 - 21.4) (21.0 - 26.7)
4 2.46 3 0.73
Endau, Sungei
20.37 0.50 20.68 0.70
(19.9 - 20.9) (19.8 - 21.5)
3 2.47 4 3.38
Tioman, P .
19.38 0.52 20.0
(18.6 - 19.7)
4 2.68 1
Romphin, S} gei
1,10 Pﬂ 0.14
(23.0. - 21.2)
2 - . 0.67
Bucki Besi
19.78 0.61 21.8 |
(18.9 - 20.3)
4 3.07 1
) :
Dung un Tanjong .
20.51 0.50 19.7
(20.0 - 21.3)
7 2.43 1
Langkawi, P.
18.6 20.16 0.31
(20.0 - 20.7)
1

MaxwelliBuckit

Kaki Bukit
20.35 0:35
(20.1 - 20.6)

2 1.74

5 1.51

COMBINED
20.84 0.37
(20.3 - 21.4)

7 1.79
20.54 © 0.60
9.8 - 21,5

7 \2.91

\
19.50 0:53
(18.6 - 20.0)

5 2.71
21.10 ~0.14
(21.0 - 21.2)

2 0.67
20.18 1.05
(18.9 - 21.8)

5 5.19
20.41 0.54 .
(19.7 - 21.3)

8 2.66
19.90 0.69
(18.6 - 20.7)

6 3.48
20.80 0.14
(20.7 - 20.9)

2 0.68
20.35 0.35
(20.1 - 20.6)

2 1.74

Variation in cranial length

F-RATIO

0.41

8.89

2.34

21.81*
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FEMALE

Si Chon .
19.55 0.07
(19.5 - 19.6)
2 . 0.36
Tao, Ko
20.33 (.06
(20.3 - 20.4)
3 0.29

Zadetkyi Kyun

Kawthaung

Lanbi Kyun

Klong Yai = =«

Prachuap Khiri Khan
20.6

1

gl 17}

Chan » Ko

.,
%

_,)
Nong Kho, Khlong
20.8

1

~Pak Tho
20.00
(20.0)
2 0.00

0.00

MALE
20.48 0.72
(19.7 - 21.4)

4 3.51
19.90 0.14
(19.8 - 20.0)

2 0.71
20.0 0.62
(19.3 - 20.5)

3 3.12
20.10 0.26
(19.9 - 20.4)

3 1.32
20.27 0.90
(19.4 - 21.2)

3 4.45
20.75 0.07
(20.7 - 20.8)

2 0.34
20.6

COMBINED
20.17 0.73
Q9.5 - 21.4)
6 3.64
20.16 0.25
19.8 - 20.4)

5 1.25
20.0 0.62
(19.3 - 20.5)

3 3.12
20.10 0.26
(19.9 - 20.4) -

3 1.32
19.95 0.78
(19.4 - 20.5)

2 3.90
21.80 0.85
(21.2 - 22.4)

2 3.89
20.35 0.76
(19.4 - 21.2)
4 3.71
19.85 0.07
(19.8 - 19.9)

2 0.36
20.77 0.06 -
(20.7 - 20.8)

3 0.28
20.20 0.35
(20.0 - 20.6)

3 1.71

145
F-RATIO

2.94

25.35*

0.10

0.33

0.00



FEMALE
Bangkok
20.67 0.31
(20.4 - 21.0)
3 1.48
Kanchanaburi
19.86 - 0.33
(19.5 - 20.3)

5 o 1.62

Lat Bua Kao

Lop Buri
20.25 1.06
(19.5 - 21.0)
2 5.24

Nakhon Sawan

19.92 0.58
(19.2 - 20.6)

5 2.89

Khlong Khlung

-

' Khon Kaen

20.42 0.52
(20.0 - 21.3)
5 2.53
Chiang- Mai
19.6
1
Nan
20,0
1
Wet Kyun
©20.10 - 0.28 -
(19.9 - 20.3)
2 1.12

MALE
20.63 0.12
(20.5 - 20.7)
3 -~ 0.56
19.50 0.42
(19.2 - 19.8)
2 2.17
20.35 1.34
(19.4 - 21.3)
2 6.60
20.65 - 0.46
(19.9 - 21.2)
6 2.22
20.67 0.67
(20.1 - 21.4)

3 3.22
20.65  0.57
' .6 - 21.3)
8\ 2.77
ﬂ ,
20.28 . 0.51
(19.7 - 20.8)
4 2.53
19.2
1
1 20.10  0.00
(20.1)
2 . 0.00

COMBINED
20.65 0.21
(20.4 - 21.0)

6 1.06
19.76 0.36
(19.2 - 20.3) .
7 1.84
20.35 1.34
(19.4 - 21.3)
2 .6.60
20.25  1.06
(19.5 - 21.0)
2 5.24
20,32 0.62
(19.2 - 21.2)
11 3.05
20.67 0.67
(20.1 - 21.4)
3 3.2
20.56 0.54
(19.6 - 21.3)
13 2.63
20.14 0.54
(19.6 - 20.8)
5 2.66
~19.60 0.57
(19.2 - 20.0)
2 2.89
20.10 0.16
(19.9 - 20.3)
4 0.81
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F-RATIO

0.03

1.51

5.49*

0.53

1.39

0.00



FEMALE

Myitkyina
19.23 0.42
(18.9 - 19.7)
3. 2.16

20

.5

MALE

COMBINED

19.55

0.72

(18.9 - 20.5)

4

'3.68

F-RATIO

6.94
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Table 9
FEMALE
Bintan, P
20.0
1
Batam, P
'19.50 0.46
(19.0 - 20.0)
8 - 2.24
Singapore
19.40 . 0.41

(19.0 - 20.0)

13 2.12

Pelepah: Sungei
20.0

1

Aor, P.

"~ Endau, Sungei

19.53 0.38

(19.1 - 19.8)

3 1.94
Tioman, P.

19.12

(18.8 - 19.5

5 1.71
-Rompin, Sungei

19.60 0.57

(19.2 -20.0)

2 2.89

Ginting Perah Bukit

20.0

1

0.33 _—~

Variation in maximum width of skull

© MALE
19.50 0.71
(19.0 - 20.0)
2 3.63
19.29 0.27
(19.0 - 19.5)
7 1.38
19.18 0.22
(19.0 - 19.5)
8 1.14
19.50 0.00
(19.5) _
2 0.00
20.00 0.16
(19.8 - 20.2)
4 0.82
19.07 0.40
(18.7 - 19.5)
3 2.12
19.25 0.35
(19.0 -20.0)
2 1.79

COMBINED
19.67 0.58
(19.0 - 20.0)

3 2.93
19.40 0.39
(19.0 - 20.0)
15 1.99
19.31 0.36
(19.0 - 20.0)
21 1.88
19.67 0.29
(19.5 - 20.0) .

3 '1.47
19.00 0.00
(19.0)

.2 0.00
19.80 0.35
(19.1 - 20.2)

7 - 1.77
19.10 0.33
(18.7 - 19.5)

8 "1.73
19.60 0.57
(19.2 - 20.0)

2 2.89
19.50 0.50
(19.0 - 20.0)

3 2.56

F-RATIO

1.16

2.01

0.00

5.09

0.04

3.00
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FEMALE ' ~ MALE COMBINED F-RATIO
Bucki Besi
19.18 0.56 19.5 19.24 0.50 0.27
(18.5 - 19.8) (18.5 - 19.8)
4. 2.90 1 5 2.61
Dungun Taniong
19.40 0.43 19.25 0.35 19.37 0.40 0.20
(18.9 - 20.1) (19.0 - 19.5) (18.9 - 20.1)
7 2.21 2 1.84 9 2.05
Maxwell Buckit
: 19.75 ~ 0.50
(19.4 - 20.1)
2 . 2.51
Pinang, P. o
19.50 0.50 19.50. 0.71 19.50 0.50 0.00
(19.0 - 20.0) (19.0 - 20.0) (19.0 - 20.0)
3 2.56 2 3.63 5 2.56
Redang, P. -
18.75 0.35
(18.5 - 19.0)
2 1.89 -
Perhentian Kechil, P.
19.00 1.41
(18.0 - 20.0)
2 7.44
Langkawi, P.
18.73  0.52 18.79 0.52 18.77 0.50 0.04
(18.0 - 19.5) (18.3 - 20.0) (18.0 - 20.0)
6 ‘ 2.75 9 2.75 15 2.65
Kaki Bukit : '
19.05 0.50 19.05 ©0.50 R
(18.7 - 19.4) (18.7 - 19.4)
2 2.60 2 2.60
Tarutao, Ko -
18.50 0.41 19.00 0.00 18.71 0.40 7.29*
(18.9 - 19.0) (19.0) 3 (18.0 - 19.0)
;7 221 5 *0.00 12 2.12
Mae: Nam
' 18.67 0.29 18.67 0.29

(18.5 - 19.0)  ™18.5 - 19.0)
3 1.55° 3 1.55



FEMALE

Chong, Ko
19.25 0.29
(19.0 - 19.5)
4 1.50

Lamae, Khlong

19.50 0:50

(19.0 - 20.0)

3 2.56
Si Chon

19.15

Zadetkyi Kyun /& -

18.75 0.35

(18.5 - 19.0)

2 1.89
Kéwthaung »

18.5

1

. Lanbi Kyun

I

Letsok-aw Kyun

18.50 0.00

(18.5)

2 0.00
Kanmaw Kyun

18.85 0.21

(1.7 - 19.0)

2 1.12

Klong.Yai

MALE
19.50 0.71
(19.0 - 20.0)
2 3.63
19.25 0.35

(19.0 - 19.5)

2 - 1.84

18.95 0.24
(18.7 - 19.2)

ll

S . -
b 18.60° 0.85
" (18.0 - 19.2)

2.8 . 4.56

19.00 0.46
(18.5 - 19.6)
6 2 42
18.76 0.57
(18.0 - 19.5)
5 3.05
119.50
1
19.0
1

4 1.26 .

COMBINED
19.33 0.41
(19.0 - 20.0)
6 0.47
19.40 0.42
(19.0 - 20.0)
5 2.16
19.02 0.26
(18.7 - 19.4)
6 1.39
18.32 0.54
(17.8 - 19.2)
5 2.92
18.94 0.43
(18.5 - 19.6)
8 2.25.
18.72 0.52
(18.0 - 19.5)
6 3.05
19.10 0.28
(18.9 - 19.3) -
2 1.48
18.83 0.58
(18.5 - 19.5) -
3 3.07
18.90 0.17
(18.7 - 19.0)
3 0.92
20.00 0.57
(19.6 - 20.4)

2

2.83

F-RATIO

0.44

0.88

0.47

0.17

0.00

0.33
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FEMALE ) “MALE . COMBINED . F-RATIO

Prachuap Khiri Khan : '

17.9 18.60 0.40 18.43 0.48 £.30
(18.2 -.19.0) (17.9 - 19.0)
1 3 2.15 4 2.60
Chan , Ko
. . 19.10 0.14
. - (19.0 - 19.2) >
2 . 0.74 :

Nong Kho, Khlong .

20.3 ) 19.10 0.14 19.50 0.70 . 48.00
: ‘ (19.0 - 19.2) (19.0 - 20.3) . :
1 2 0.74 3 3.56 .

Pak Tho . - .
18.00 0.14 18.5 A 18.17 0.31 "8.33
(17.9 - 18.1) , (17.9 - 18.5) -

2 0.78 1 ‘ 3 1.68

Bangkok
19:30 0.87 .19.20 .0.20 19.25 0.57 0.04
(18.7 - 20.3) (20.5 -20.7) (1877 - 20.3)

3 4.52 . 3 1.04 6 . 2.95

‘Kanchanaburi ~

~18.96 0.80  18.60  0.42 18.86 0.69 0.34
(18.0 - 19.7) . (18.3 - 18.9) (18.0 - 19.7) '
5 4.20 2 2.28 7 3.69
Lat Bua KXao
18.65 0.21 18.65 0.21
(18.5 - 18.8) (18.5 - 18.8)
2 “1.14, 2 1.14

Lop Buri A
18.40 "0.85 ‘ 18.40 0.85
(17.8 - 19.0) ‘ (17.8 - 19.0)

2 4.61 -2 4.61
Tenasserim
20.0 19.25 0.35 ©19.50 '0.50 3.00
(19.0 - 19.5) (19.0 - 20.0) .
1 - 2 2.77 3 2.56
Nakhon Sawan ;
18.20 0.72 18.93 0.43 18.60 0.67 4.44
(17.1 --18.8) (18.3 - 19.5) (17.1 - 19.5)

5. 3795 6 2.26 11 3.58
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FEMALE MALE . COMBINED F-RATIO
Khlong Khlung
19.13 1.12 19.13 1.12
(18.3 - 20.4) (18.3 - 20.4)
3 5.83 3 5.83
Khon Kaen
19.16 0.42 19.31 0.59 19.25 0.52 0.25
(18.4 - 19.7) (18.5 - 20.4) (18.5 - 20.4)
5 2.20 . 8 3.05 13 .2.69
Moulmein
18.5 18.50 0.71 . 18.50 . 0.50 0.00
, : (18.0 - 19.0) (18.0 - 19.0) |
1 2 3.82 3 : 2.70
Rangoon : ‘ : )
N 19.50 0.71
(19.0 - 20.0)
2 3.63
Chiang Mai
18.80 , 0.28 19:01 0.45 18.97 - 0.41 0.39
(18.6 - 19.0) (18.3 - 19.6) (18.3 - 19.6)
2 1.51 A . 2.34 9 - 2.16
Nan . : :
18.97 1.05 19.0 18.98 0.86 0.00
617.9 - 20.0) J (17.9 - 20.0)
-3 5.53 1 4 4.52
-Pai , .
19.00 0.71 i 19.00 0.71
(18.5 - 19.5) - (18.5 - 19.5)
2 3.74 ) 2 3.74
Wet Kyun
18.53 0.06 18.93 0.12 18.73 0.23 - 28.80*
(18.5 - 18.6) (18.8 - 19.0) (18.5 - 19.0)
3 0.31 3 0.61 6 1.25
Myitkyina
18.67 . 0.06 18.90 0.57 18.76 0.31 0.60
(18.6 - 18.7) (18.5 - 19.3) (18.5 - 19.3)
3 0.31 2 2.99 5 '1.67



Table 10

FEMALE
Bintan, P.
Batam, P.

26.88 0.84
(26.0 - 28.5)
8 3.11
Singapore -
25.23 0.89
(23.5 - 26.4)
13 "3.51
Pelepah
25.0
1
Aor y ‘-’P ‘,“".'.

Endau, Sungei

24.00 1.22
(23.2 - 25.4)
3 5.07
Tfohan, P, .
23.84 0.94
(22.5 - 25.0)
5 3.94

Rompin; Sungei

24.90 - 0.85
(24.3 - 25.5)
2 3.41

Ginting Perah, Bukit

26.0

1

Variation in bizygomatic width

MALE
26.50 0.71
(26.0 - 27.0)

2 2.67
27.07 0.45
(26.5 - 28.0)

7w 1.66
25.95 0.73
(25.0 - 27.0)

8 2.79
24.00 0.71
(23.5 - 24.5)

2 2.95
25.18 1.41
(23.6 - 26.9)

4 5.60
25.10 0.36
(24.8 - 25.5)

3. . 1.44
26.75 0.35
(26 - - 27.0)

2 1.2¢

I

COMBINED
26.50 071
(26.0 - 27.0)

2 2.67
26.97  0.67
(26.0 - 28.5)
15 2.47
25.50  0.89
(23.5 - 27.0)
21 3.47
24.33  0.76
(23.5 - 25.0)
3 3.14
26.00  0.00
(26.0)

2 0.00
24.67  1.37
(23.2 - 26.9)

7 5.56
24,31 0.98
(22.5 - 25.5)

8 4.04
24.90 ¥ 0.85
(24.3 - 25.5)

2 - 3.41
26.50  0.50

(26.0 - 27.0)

3 1.89

F-RATIO

3.

1

1

3

71

.33

.33

.00
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FEMALE MALL ‘ CCMBINED F-RATIO
Bucki Besi
-24 .68 0.90 27.4 25.22 1.44 7.40
(23.7 - 25.7) - (23.7 - 27.4)
4 3.63 1 5 5.73
Dungun Tanjbng
23.54 0.80 24.45 0.07 23.74 0.80 2.34
(22.5 - 24.95) (24.4 - 24.9) "(22.5 -~24.9).
7 3.39 2 0.29 9 3.36
Maxwell Buckit '
24.55 2.33
(22.9 - 26.2)
2 9.50
Pinang, Ko ‘ _
~25.00 . 0.50 25.25 0.35 25.10 0.42 0.36
(24.5 - 25.5) (25.0 - 25.5) (24.5 - 25.5)
3 - 2.00 2 1.40 5 T 67
Redang, P. -
’ . 24.50 . 0.71
(24.0 - 25.0)
2 2.89
Perhentian Kechil, P. ' ,’“
, 26.J0 0.71
(25.5 - 26.5)
2 : 2.72
Langkawi, P. . _ _ R
24 .18 0.60 24 .69 0.91 24.51 0.83 1.25
(23.4 - 25.0) (23.0 -_2@;0) (23.0 - 26.0) C
5 2.49 -9 3.67 . 14 ) 3.32
Kaki Bukit . .
23.85 ©1.34 23.85 1.34
(22.9 - 24.8) ' - (22.9 -,24.8)
< 2 5.63 2 . 5.63
" ‘Tarutao, Ko ., ;P .
24,17 1 0.52 .25.00 0.35 24.55- ‘ 0.61 9.30*
- (23.5 - 25.0) (24.5 - 25.5) (23.5 - 25.5)
6 2.14 5 1.42 _..¢1l 2.49
Mae Nam o . o oo
© 25.67 0.5 25.67 0.8 -
(25.0 - 26.0) (25.0.- 26.0) = 7

3 '2.25 ‘3 S 2.25



FEMALE ~

Chong, Ko
24 .75 0.96
(24.0 - 26.0)
4 3.87

Lamae, Khlong

25.00 0.00
(25.0)
3 0.00
Si Chon -
24.25 s 0.0%
(24.2 - 24.3)
2 <0.29
Taw, Ko
’ 23.87 7 0.21
(22.7 - 23.1)
L3 0.91
Zadetkyi Kyun
25.50 0.00
(25.5) :
2 0.00
Kawthaung
24.5 .
1

Lanbi Kyun

-

Letsok-aw Kyun

24 .00 0.00
(24.0)
2 0-.00
~ Kanmaw Kyun
24.85 0.21
- (24.7 - 25.0)
2 Q&Q.BS
KlongAYai

MALE COMBINED

24 .50 24.70 0.84
(24.0 - 26.0)
1 5 3939
25.0 25 .00 0.00
, (25 0
1 o 4 . 0.00
25.28 0.82 »y 24.93 0.83
(24.2 - 26.2) '~ (24.2 - 26.2)
4 3.25 6 3.32
24.15 0.21 23.38 0.73
(24.0 - 24.3) (22.7 - 24.3)
2 0.88 5 3.10
25,92  ° 0.49 25.81 0.45
(25.2 - 26.5) (25.2 - 26.5)
6 1.88 - 8 1.76
24.54  0.70 24.53 0.63
(23.4 < 25.2) (23.4 - 25.2)
5 2.85 . 6 2.55
. B}
24.20 0.42
(23.9 - 24.5)
= 2 1.75
25.75 1.06 24.88 1.18
(25.0 - 26.5) (24.0 - 26.5)
2 <412 4 4.75
25.5 - 25.07 . 0.40
(24.7 - 25.5) .
1 3 1.61
Ly
25.05 0.07
. (25.0 - 25.1)

2 0.28

F-RATIO

0.00

2.76

45.03*

1.31

W 0.00

5.44

6.26

155



A

FEMALE

Prachuap, Xhiri Khan

23.8
1

Chan, Ko

Nong kKho, Khlong
23.6

1

Pak Tho
23.4
1
Bangkék.
23.47 1.6
(22.4,- 25.
3 %Y. ¢f80
Kﬁﬁchanaburi
23.48 0.8
(22.5 - 24.2

S 2.

Lat Bua Kao

Lop Buri -
23.10 0.28
(22.9 - 23.3) .

2 1.22

Tenasserim

27.0
1

Nakhon Sawan
22.60 0.89
(21.2 - 23.5)

5 3.92

MALE

24 .63 1.10
(23.7 - 25.9)
3 4.47
24.15  0.35
(23.9 - 24.4)
2 1.47
25.0

1
24.73 0.42
(24.4 - 25.2)
3 1.68
23.50 0.14
(23.4 - 23.6)
2 .0.60
23.65 0.9
(23.0 - 24.3)%
2 3.89
25.25 . 1.06
(24.5 - 26.0)
2 4.20
24.47 0.60
(23.8 - 25.3)
6 2.44

COMBINED

25.83
(24.5

23.62
(21.2
11
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F-RATIO

0.43

1.81

17.41*



FEMALE

Khlong Khlung

e
Khon Kaen
23.82 0.33
(23.5 - 24.3)
5 1.37
Moulmein
25.0
1
Rangoon
'Chiang Mai
23.55 - 0.64
(23.1 - 24.0)
2 - 2.70
Nan
23.80 1.06
(23.0 - 25.0)
3 4.45
Wet Kyun
23.57 0.51
(23.0 - 24.0)
-3 2.18
Myitkyina =
22.33 0.91
(21.5 - 23.3)

3 4.06

MALE .

24 .70 0.99
{(24.0 - 25.4)
2 4.01
24,253 1.11
(22.9 - 25.8)
8 4.57
25.00 0.00
(25.0) ®

2 0.00
24,97 1.25
(23.4 - 27.0)
7 , 4.99
25.0..

1
23.83 0.29
(23.5 - 24.0Y)
3 1.27
23.15 0.92
(22.5 - 23.8)
2 3.97

COMBINED
R
24.70 0.99

(24.0 - 25.4)

2 4.01
24.07 0.89
(22.9 - 25.8)

3 3.70
25.00 0.00
(25.0)

3 0.00
23.50 -2.12
(22.0 - 25.0)

2 9.03
24.66 1.27
(23.1 - 27.08

9 4.58
24.10 1.05
(23,0 - 25.0)

4 4.37

4 ,
23.70 0.40

(23.0 - 24.0)

6 1.69
22 .66 0.91
(21.5 - 23.8)

5 - 4.00

-

F-RATIO

0

0.

)

b2

00

(39
~1

.96

.62

.96
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Table

FEMALE

Singapore .
16.58 0.17
(l6.4 - 16.8)
4 1.03°

Endau, Sungei

16.10 0.56

(15.6 -16.7)

3 3.46
Tioman, P.

15.73 0.36

(15.4 - 16.2)

4 2.28

Rompin, Sungei
16.55 0.21
(16.4 - 16.7)

2 1.28
Bucki Besi
16.80 0.35
C(16.5 - 17.3)
. 4 2.06
Dungun Tanjong
15.64 0.29
(15.3 - 16.2)

7 ©1.84

Maxwell Buckit

Langkawi, P.

16.2
1
Kaki Bekit
16 .50 ﬁ?»0.14

3 16.4 - 16,6)

11

2 0.61

s

a2 v

Variation 1n bi-auricular width

MALE
17.33 0.40
(16.9 - 17.7)

3 2.33
16.58 0.33
i 1.99

R v

15.2
1

17.7
1

16.0
1,

' 16.60 0.29
(16.2 - 16.9)

c 1.76

COMBINED
16.90 0.48
(16.4 - 17.7)

7 . 2.8
16.37 0.47
(15.6 - 17.0)

7 2.88
15.62 0.39
(15.2 - 16.2)
5 " 2.50
16.55 0.21
(16.4 - 16.7)

2 1.28
16.98  0.50
(16.5 - 17.7)

5 2.96
15.69 0.29
(15.3 - 16.2)

8 1.88

. 17.15 1.06
(16.4 - 17.9)

2 6.18
16.53 0.31
(16.2 - 16.9)
6 1.86

f"
16.50 0.14

(16.4 - 16.6)

2 0.61
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F-RATIO

11.90*

ro

.04

1.71

5.40

1.35

a5

1.57

s



FEMALE
| S1 Chon
15.75 0.21
(15.6 - 15.9)
2 1.35
Tao, Ko
15.70 0.17
(15.5 - 15.8)
3 1.10

Zadetkyi Kyun

‘Kawthaung

Lanbi Kyun

Letsok-aw Kyun
18.50 0.71
(18.0 - 19.0)

2 ' 3.82

Klong Yai

‘

Pfachuap Khiri Khan

15.7
1

Chan, Ko

Nong Kho, Khlong
17.3 -

1

MALE
16.28 0.25
(16.0 - 16.6)
4 1.54
15.80 0.71
(15.3 - 16.3)
2 4.47
16.00 0.26
(15.7 - 16.2)
3 1.66
15.57 0.40
(15.2 - 16.0)
3 2,60
19.00 0.71
(18.5 - 1§.2)
2 RSy 72
16.33 0.42
(16.0 - 16.8)
3 2.55
16.10 0.57
(15.7 - 16.5)
2 3.52

COMB INED
16.10 0.35
(15.6 - 16.6)
6 2.15
15.74 0.38
(15.3 - 16.3)
5 2.40
16.00 0.26
(15.7 - 16.2)
3 1.66
15.57 0.40
(15.2 - 16.0)
3 2.60
16.15 0.07
(16.1 - 16.2)
2 0.44
18.75 . 0.65
(18.0 - 19.%)
4 3.44
17.00  0.14
(16.9 - 17.1)
2 - 0.83

- 16.18 0.46
(15.7 - 16.8)
4 2.89
15.80 0.57
(15.4 - 16.2) .
2 3.58
16.57 0.90
(15.7 - 17.5) .
3 5.44

0

0.

1.

4.

F-RATIO

.32

.06

50

73

08

159

PV
e
Blyac]



FEMALE
Pak Tho
15.60 0.57
(15.2 - 16.0)
2 3.63
Bangkok
16.83 0.75
(16.4 - 17.7)
3 ' 4.46
Kanchanaburi
16.10 0.47
(15.4 - 16.7)
S 2.91

‘Lat Bua Kao

Lop Buri

16.15 0.78

(15.6 - 16.7) ...

2 4.82 <oii
Nakhon Sawan

15.70 0.69

(14.7 - 16.5)

5 ‘ 4.39

Khlong Khlung

Khon Kaen
©16.26 0.65
(15.5 - 17.1)

5 3.93

Chiang Mai
15.8

1

Nan
15.4

1

MALE
16.6
17.00 0.27
(16.7 - 17.2)
3 1.56
15.55 0.78
(15.0 - 16.1) .
2 5.00
16.00 0.57
(15.6 - 16.4)
2 3.54
16 :62 0.38
(16.1 - 17.0)
6 - 2.26
16 .40 1.13
(15.6 - 17.2)
2 ©6.90
16.71 0.69
15.6 - 18.0) -
8 4.12
16.28 0.62
- (15.5 - 17.0)
4 . -3.81
15.8

COMBINED
~ il
15.93 0.70,
(15.2 - 16.6) °
3 4.41
16.92 0.51
(16.4 - 17.7)
6 3.02
15.94 0.57
(15.0 - 16.7)
7 3.55
16.00 0.57
(15.6 - 16.4)
2 3.54
16.15 0.78
(15.6 - 16.7)
27 4.82
16.20 0.70
(14.7 - 17.0)
11 - 4.32
16.40 1.13
(15.6 - 17.2)
2 6.90
16.54 0.69
(15.5 - 18.0)
.13 4.14
16.18"° " 0.58
(15.5 - 17.0)
5 3.80
15.60 0.28
(15.4 - 15.8)
2 1.81
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F-RATIO

t9

.08

7.91*

1.39°

0.47



161

FEMALE ~ MALE COMBINED F-RATIO
Wet Kyun
15.40 0.14 15.75 0.64 15.58 0.43 0.58
(15.3 - 15.5) (15.3 - 16.2) (15.3° - 16.2)
2 0.92 2 4.04 4 2.74
Myitkyina » _
15.60 + 0.35 16.1 15.73 0.38 1.56
(15.2 < 15.8) (15.2 - 16.1)

3 2.22 -1 4 2.40



Table 12

FEMALE

Singapore
14.58 0.26
(14.3 - 14.8)
4 1.80

Endau, Sungei
14.13 0.15
(13.8 - 14.3)

3 1.08

Tioman, P.

13.80 . 0.32
(13.4 - 14.1)

4 2.29

Rompin, Sungel
14 .45 0.07
(14.4 - 14.5)

2 0.49

Bucki Besi

14.30 0.75
(13.6 - 15.0)

4 - 5.27

Dungun Tanjong
13.73 0.44
(13.1 - 14.4)

7 - 3.20

Maxwell Buckit

Langkawi, P.
13.9

1

Kaki Bukit
14 .40 ., 0.85
(13.8 - 15.0)
2 5.89

g

Variation in interorbital width

MALE
14.63 0.12
(14.5 - 14.7)

3 0.79
14.20 0.57
(13.6 - 15.0)

4 3.99
15.3

1

15.3

1

13.7

1

13

14.56 0.42

(14.3 - 15.0)

5 : 2.86

COMBINED
14 .60 0.20
(14.3 - 14.8)

7 1.37
14.17 0.41
(13.8 - 15.0)

7 2.90
14.10 0.72
(13.4 - 15.3)

5 5.14
14.45 0.07
(14.4 - 14.5)

2 -0.49
14.50 - 0.7.
(13.6 - 15.3)

5 5.45
13.73 0.41
(13.1 - 14.4)

8 2.96
14.80 045
(14.2 - 15.4)
2 5.73
14.45 0.46

- (13.9 - 1540)

6 /53.18
14.40 0.85
(13.8 - 15.0)

2 5.89
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F-RATIO

0.12

" 0.04

18.00*

1t.41

0.00

2.10



FEMALLE

Si Chon

13.65 0.07

(13.6 - 13.7)

2 0.52 ~
Tao, Ko

13.03 0.25

(12.8 - 13.3)

3 1.93

Zadetkyi Kyun

Kawthaung

Lanbi Kyun

Klong Yai

Prachuap khiri Khan.
13.5

1

Chan, Ko L

Nong Kho, Khlong
13.1

1
Pak Tho
12.90 0.14 -

(12.8 - 13.0)
2 1.09

MALE
14.30 0.77
(13.5 - 15.1)
4 . 5.38
13.55 0.50
(13.2 - 13.9)

2 3.65
14.33 0.23
(14.2 - 14.6)
3 1.61
14.07 0.57
(13.6 - 14.7)

3 4.04
14.23 0.85
(13.6 - 15.2)

3 5.97
14.05  0.50
(13.7 - 14.4)
2 3.52

)
13.9
1 4.43

COMB INED
14.08 0.69
(13.5 - 15.1)

6 4,87
13.24 0.42
(12.8 - 13.9)

5 3.14
14.33 0.23
(14.2 - 14.6)

3 1.61
14.07 0.57
(13.6 - 14.7)

3 4.04
14.20 0.28
(14.0 - 14.4)

2 1.99
14.20 0.28

(14.0 - 14.4)

S 2 1.99
14,05 0.79
(13.5 - 15.2)
"4 5.59
13.75 - 0.07
(13.7. - 13.8)
2 0.51
13,73 0.65
(13.1 -~ 14.4)
3 4.74
13.23 0.59
(12.8 -'13.9)
3 4.43

F-RATIO

1.26

2.59

0.56

2.46

33.33
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3 - 1.67 1

4

7

/“\f (“
. ;/E
FEMALL i MALE
Bangkok
13.67 0.80 13.90 0.00
(12.9 - 14.5) (13.9)
3 5.87 3 0.00
Kanchanaburi
12.82 0.30 13.45 0.07
(12.4 - 13.1) (13.4 - 13.5) -
5 2.36 2 0.53
Lat Bua Kao .
13.95 0.07
(13.9 - 14
2 0.51
Lop Buri
13.45 . 0.64
(13.0 - 13.9)
2 4.73
Nakhon Sawan .
13.10 0.57 13.70 0.
(12.2 - 13.7) (12.8 - 14.¢
5 4,32 6 4..
@
Khlong Khlung
13.87 0.72
(13.4 - 14.7)
- 3 5.22
Vthon Kaen
13.66 0.21 *13.7} 0.46
(13.4 - 13.9) (13.0 - 14.2)
5 1.52 ‘8 3.37
Chiang Mai :
12.7 13.48 0.29
(13.1 - 13.8)
1 4 2.13
Wet Kyun ,
13.60 0.14 13.95 0.21
(13.5 - 13.7) (13.8 - 14.1)
2 1.04 2 1.52
Nan ’
13.1 13.7
1 ' 1
Myitk}ina
13.13 0.15 14.4
(13.0 - 13.3) '

B

COMB INED
13.78 0.52
(12.9 - 14.5)
6 3.80
13.00 0.40
(12.4 - 13.5)

7 3.04
13.95 0.07
(13.9 - 14.0)

2 0.51
13.45 0.64

. (13.0 - 13.9)

2 4.73
13.43
(12.2 -

11
13.87 © 0.72

(13.4 - '14.7) .
3. 5.22
13.70 0.37
(13.0 - 14.2)
13 2.73
13.32 0.43
(12.7 - 13.8)
5 3.20

13.78 0.25
©(13.5 - 14.1) -

4 1.81
13.40 0.42
(13.1 - 13.7)
2 3.17
13.45 0.65
(13.0 - 14.4)
4 4.80

F-RATIO

0.25

7.60%*

0.09

5.82

3,77
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Table 13

FEMALE

Singapore
11.23 0.21
(I1.0 - 11.5)
4 1.84

Endau, Sungei
10.77 0.25
(10.5 -~ 11.0)

3 2.34
Tioman P.
10,30 0.22
(10.0 - 10.5)
4 2.10

Rompin, Sungei
11.20 0.57
(10.8 - 11.6)

2 ' 5.05
Bucki Besi

10.48 0-.34

10.0 - 10.8)

4 3.25

Dungun Tanjong
10.76 0.29
(10.4 - 11.2)

7 2.68

Maxwell Buckit

Langkawi, P.
10.7

1

Kaki Bukit
10.60 0.14
(10.5 - 10.7)
2 1.33

Variation in orbital length

MALE

11.17 0.15
(11.0 - 11.3)
3 1.37
11.13 0.34
(10.5 11.6)
4 - 3.06
10.7

1
11.0

1

., o

. '

10.6

1
10.52 0.15
(10.3 - 10.7)
5 1.41

COMBTNED
11.20 0.17
(11.0 - 11.5)

1.55
10.97 0.34
© (10.5 - 11.6)
7 3.10
10.38 0.26
(10.0 - 10.7)
5 nn
120 0.57
8 - 1 N
. N 05
10.58 0.38
(10.0 - 11.0)
5 3.56
10.74 . 0.27
(10.4 - 11.2)
8 2.54
10.95 0.35
(10.7 - 11.2)
2 3.23
10.55 0.15
(10.3 - 1047)
6 1.44
10.60 0.14
(10.5 - 10.7)
2

1.33

F-RATIO

8]

1

0.

-1

.74

.90

26

.23
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/’\

FEMALE
Si Chon
10.55 0.21
(10.4 - 10.7)
2 02.01
Tao, Ko
9.73 0.06
(9.7 - 9.8)
3 0.60

Zadetkyi Kyun

Kawthaung:

Lanbi Kyun

Klong Yai

Prachuap Khiri Khan-

10.2
1

Chan;, Ko

Nong Kho, Khlong
10.2

1
Pak Tho
10.05 0.50
(9.7 - 10.3)
2 4,93

MALE
10.58 0.53
(9.8 - 11.0)

4 5.03

9.95 0.07
(9.9 - 10.0)

2 0.71
10.67 0.15
(10.5 - 10.8)

3 1.43
10.47 0.21
(10.3 - 10.7)

3 1.99
10.27 0.12
(10.2 - 10.4)

3 1.12
10.70  0.42
(10.4 - 11.0)

2, 3.9

10.0 -

COMRINED

10.57 0.42
(9.8 - 11.0)
6 4.00
9.82 113
(9.7 - 1.¢
5 .33
10.67 0.15
(10.5 - 10.8)
3 . 1.43
10.47 0.21
(10.3 - 10.7)
3 1.99
10.70 - 0.14
(10.6 - 10.8)
2 1.32
11.20 " 0.28
(11.0 - 11.4)
2 2.53
10.25 0.10
(10.2 - 10.4)
4 0.98
10.90  0.14
(10.8 - 11.0)
2 1.75
~10.53 0.42
- (10.2-- 11.0)
3 3.96
10.03  0.35
(9.7 -10.4)

3 - 3.50
/‘ .

F-RATIO

0.00

14.49*

0.25

0.93

0.01



FEMALE
Bangkok
10.40 0.20
(10.2 - 10.7)
3 1.92

Kanch:inaburi

10.42 0.15
(10.2 - 10.6)
.5 1.42

Lat Bua Kao

Lop Buri
10.05 0.21
(9.9 - 10.2)
L2 2.11
Nakhon Sawan
9.84 0.42
(9.3 - 10.3)
5 4.23

Khlong Khlung

Khon Kaen
10.46 0.18
(10.2 - 10.7)

5 1.74.

Chiang Mai
9.7

-1

Nan .
10.8

i

Wet Kyun
10.40 0.00
(10.4)
2 0.00

O
MALE
10.27 0.06

(10.2 - 10.3)

3 0.56
10.30 0.28
(10.1 - 10.5)

2 2.75
10.45 0.35
(10.2 - 10.7)

2 3.38
10.25 0.25
(9.8 - 10.5)

6 2.44
10.30 0.10
(10.2 - 10.4)

3 0.97
10.41  0.24
(10.0 - 10.6)

8 2.32
10.00°  0.29
(9.7 - 10.3). -

4 '2.94
10.4

1
10.40  0.14
(10.3 - 10.5)

2 1.36

COMBINED

10.33 0.15
(10.2 - 10.6)
6 1.46

10.39 0.18
(10.1 - 10.6)

7 1.71
10.45 0.35
(10.2 - 10.7)

2 3.38
10.05 0.21
(9.9 - 10.2)

2 2.11
10.06 0.38
(9.3 - 10.5)
11 5.80

A2
10.30 0.10

(10.2 - 10.4)

300 0.97
10.43 0.21
(10.0 - 10.7)
oo 2.05
9.94 0.29
(9.7 - 10.3).

S - 2.90
10.60 0.28

(10.4 - 10.8)

2 2.67

10,46 '0.08
(10.3 - 10.5)

"4 0.78.

F-RATIO
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<

/1

.10

.14

.83



o

FEMALE

Myitkyina
9.0 0.17
(9.7 <10.0)
3 1.75

MALE

O

COMBINED

T8

0. 24

(9.4 - 10.0)

4

2.94

F-RAT1O

N e
’ o
el
i
3
A
'y
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RN
F i

\iﬁi 3 3.85

(10.0 - 10.8)

Tioman, P.
10.15 +0.34

f

(9.8 L 10.6)

a - 3.37

N _

Rompin, Sungeg, .
10.65 0.50
(10.3 - 11.0)

2 v 4.6s

Bucki, Besi
'10.15 0.24
(10.0 --10.5)

4 ©2.34

<

Dhnéun‘Tahjbng

10.33 0.14
(16 = 10.5)

7 1.34,

Maxwell Buckit

s

s

Y

" Langkawi, P.
10.2

1

Kaki Bukit *
10.20 0.00
(10.2)

2 0.00

Tdble 14
\
FEMALE MALE
Singapdre -
M. 68  0.25 10.80 0.72
, AX- 11.0) (10.2 - 11.6)
B : 2.34 3 6.68
| Endauigungei
10.40 0.40 10.60 0.32

(10.3 - 11.0)
4 .. 2.98

B

10.08 - 0.19
" (9.8 - 10.3) .
5 1.90

Variation in orbital width

COMBINED

10.73  0.46
Q0.2 - 11.6)

7 4.26

10.51 0.34
(10.0 - 11.0)
7 3,22

¥

0.0 L. 10.12 - 0.30
S I (9.8 - 10.5) .
1 LovEm 3. 3.0
@ Io és 0.50
Y TTEe.3 - 11.0)
e o2 4.65
. A
) A‘—“ FRL
10.4 10.20 0.23
B (10 /6% 10.5)

5 2230

10.34  0.13

s (10.1 =10.5)

8 = 14e
.10.40 , 0.28
(10.2 4 10.6) -
2 . 2.72
o
v,
10.10 - 0.18
(9.8 - 10.3)
6 1,77
“ 40.20  0.00
L 760.2)
v 2 0.00

L
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F-RATIO
0.11
0.55
0.15
)(‘a’{(\
0,.88
0.23 L,
'i’
.
™
0.32
-



.
K]

3

o

“FEMALE
Si Chon
10 35 0.97
(10 3 -10.9)
2 . 1.69
Tao, Ko
9.60 0.20

(9.4 - 9.8)

3 ' 2.08

Zadetkyi Kyun
e

Kawthauqéfc

meinm’j

J‘\‘( " ki

LA

Y

- Klong Yai

*&J
4} 5
-
Prachuap Kh1r1 Khan
9.8
)
1 :

Nong Kho, Klong
9.2

1
Pak Tho 5
9. 95 0.35
(9 7 - 2710. 2)
2 " 3,56

>

MALE
10.15 0.44
(9.5 - 10.4)

a 430
960 0.14

(9.5 - 9:7)

2 1.47

10.40 - 0.10

(10.3 - 10.5)
3 .5 0.9

0,237

Wﬂ'

xﬁﬁauanu 2*23

) o
10 25

-

iR, ‘
ax 5
b XA

Wl

10.00

(9.4 - 10.6)

2 ©8.49
10.2

1

0.85

" A

¥

o

COMB INED
.10.22 0.35
‘(9.5 - 10.4)
6 3,47

9.60 0.16
(9.4 - 9.8)

s 1&@5
10.40 0.10

(10.3 - 10.5)

3 0.96
10.23 " 0.23
(10.1 - 10.5)

3 2.26
v . ‘,')tfla‘. .
10.25 0.07
(10.2 - 10.3)

3 "0.69

O

40-25 0.07

*M0.2 - 10.3)
2. 0.6%
B _r;«\..‘

9.98 0.17
(9.8 - 10.2).

4. 1.71
10.60 ~ 0.00
(10.6) ' .

2 1 0.00,

LS o

9.73  0.76
(9.2 - 10.6)

3. . 7.78
10.03 = 0.29

(9.7 - 10.2)

3 2.88

170
F-RATIO

0.37

0.00



- 171
EMALE MALE COMBINED F-RATIO
Ban kok
1,83 0.25 10.00. 0.00 9.92 0.18 1.32
9.6 -710.1) (10.0) (9.6 - 10.1)
3 2.56 3 .00 6 1.85
* ' R
nchanaburi Pl ) _
10.12 0.11 10.15  70.07 10.13 0.10 ° 0.12
(0.0 - 10.2) (10.1 - 10.2) (10.0 - 10.2)
5 1.09 2 0.70 7 0.94
. Lat Bua Kao :
9.60 0.28 9.60 0.28 -
(9.4 - 9.8) (9.4 - 9.8)
2 2.95 2 2.95
Lop Buri '
'9.85 0.07 o 9.85 ~ 0.07
(9.8 - 9.9) L 5 (9.8 - 9:9) '
2 0.72 . o : 2 0.72 - L
» Nakhon Sawan : i LI ‘ﬁ : . 5' ’ N
9.54 0.26 - 9:93 “0:32 < .9.75 0.35 go  4.84
(9.2 - 9.8) (9.3 - 10.2) (9.2 - 10.2) 7 L
5 2.74 [ 3,22 , 11 3.56
~ + Khlong Xhlung . '
- @ » 10.00 0.10 10.00  0.10
4 : (9.9 - 10.1) (9.9 - 10.1).
v 3 1.00 3 1.00
Khon Kaen ‘ N = . :
10.04 = 0.21 9.91 0716 9.96 +0.18 1.61
W (9.9 - 10.3) (9.7 - 10.1) - (9.7 - 10:3) * ‘
5 2.06 8 - 1.56 13 1.81
Chiang Mai . e
£ 9.6 9.65 0.19 9.64 0.17 0.05
. | (9.5 - 9.9) (9.5 -'9.9) _ *
1 4 1.98 5 1.73
. - N ‘//"‘\\ N »"‘ ‘ )
. Q‘an. \ , ot ‘ A )
*10.2. - 10.2 10.20 0,00 . o
4 . : (10.2
1 T T p 2, 0.00
Wet Kyun g o T
© 1010 0.14 10.15 0.07 10.13 0.10. 0.20-
(10.0 - 10.2) (10.1 - 10.2) (10.0 - 10.2) -
0.70 4 0.95

-2 1.40 2



Sy
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$N v ’ ’ .
’f\%'\tz.» —~ . 172
FEMALE " MALE COMBINED F-RATIO

Myitkyina
9.63 0.12 9.7 _ 9.65 0.10 0.25

(9.5 - 9.7) . (9.5 - 9.7)

. 3 1.19 1 4 1.04

e
-

~ ’ . . J Q N
;; P . T RS
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Table 15

FEMALE

~Singapore

15.33 0.4Q

(15 0 - 15. 8;&
2.58

Endau, Sungei
15.03 0.42
(14.7 - 15.5)

Bucki Be§i'a
14.88 :
(14.5 - 15.6)~
4 . +3.35

Dungun Tanjong -

15.26 0.58
(14.5 - 16.1)
7 3.80

Maxwell Buckit

Langkawi, P,

14.5
l -

 Kaki Bukit
14.65 . 0.50
(14.5 - 15.0)
2 338

Variation in the height of the brain-case

MALE
15.20 0.27
(14.9 - 15.4)
3 1.74
15.08 0.42
(14.8 - 15.7)
3 2.77 4 2.78
Tioman, P. o
14.18 0.21 15.2
(14.0 - 14.4) . S
4‘1 1.45 1 &7
e y h
‘ Rompin’, Sungei
14..75 0.21 &
(14.6 - 14.9) ~
2 ‘ 1 44

)
- s
14.38 0.43"
(14,0 - 15.1)

-5 3.00

COMBINED
15.27 0.33
(14.9 - 15.8)

7 2.13..
15.05 0.38
(14.7 .- 15.7)

7 " 2.54
14.38 0.49
(14.0 - 15.2)-

L5 3.42
14.75  0.21 -
(14.6 - 14.9)
2 1.44
15.02 ~  0.54
(14.5.- 15.6)

5 3.60
15.21 0.55
(14.5 - 16.1),

8 3.63

. 15.35 0.21
(15.2 - 15.5)

C 2 ©1.38

3\\

14.4¢ 0.40

(14.C - 15.1)

6 . 2.71
14.65 . o.so<;
(14.3 - 15.0)

2 3.38

173

F-RATIO
0.22 .
O.dZQ‘W"

o
o

C19.78% #F
1.69
0.33 f
0.06
‘1
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"7

FEMALE
Si Chon
14.15 0.07
(14.1 - 14.2)
.2 0.5
Tao, Ko
13.:93 0.21

(13.7 - 14.1)
3, 1.49

- Zadetkyi Kyun

K?wthaung
Lanbi Kyun -
[ Q
6 el
o .

Klong Yai )

-7

Prachuap Khiri Khan

14.0
1
Chan, Ko

Nong'Kho,'Khlong
16.0

1 ) N

-

Pak Tho .
- 13.50 0.14

(13.4 - 13.6)

2 1.04°

MALE
14.48 0.44
(i1.1 - 15.1)

4 3,01

100 0.14
(13.6 - 13.8)

2 1.03
14,47 40.32
(14.1 - 14.7)

3 2.2
14.80 © . 0.20

(14.6 - 1570y

3 ; 1.35

14.23 0.51

(13.8 - 14.8)
3 . 3.80
"

15.00 1.13

(14.2 - 15.8)

2 7.54
' 14.0

1

i

COMBINED
14.37 0.38
(14.1 - 15.1)

6 2.63
13.84 0.21
(13.6 - 14.1)

5 1.50
14.47  0.32

(4.1 - 14.7)

3 2.2

14.80 K 0.20

(14.6 - 15.0)

18

"(13.8 -14.8):

4 3.07

14.90 - 0.00
(14.9)
2 0.00

4

.
1533.dfm%;f
(14.2 - 16.0)

3 b.43

-13.67 0.31

(13.4 - 14.0)
3 2.24

F-RATIO

0.98

1.84

3 . 1.35
P R
14,45 041 v _
- (14.3 - 14.6)
2. 1.47
15.65 1.63
(14.5 - 16.8)
SV 10.39,
14.18  0.43..

0.16

0.52

8.33

-
. o



FEMALE

Bangkok
14.23 &
(13.6 .}14 .6)

3 3.87
AN

Kanchanaburi \\\
- 13,98 0.76

(13.4 - 15.2)

0.55

{
\

5 ’ 5.41
Lat Bua Kao
Lop Buri . .
13.85 0,07

(13.8 - 13.9)

2 0.51

Vakhon %awan

0.27

(14 o - 14§;6

Khon Kaen

2 " 1.47

14 .44 0.27
(14.2 - 14.9)
5 . 1.87 -
' TChiang Mai
14 .4 ’
1
Nan
14,2
1 -
Wet Kiun
14 .45 0.21
(14.3 - 14.6)

' -?

- MALE

14.00 0.27
(13.8 - 14.3)

3 1.89
14.30 0.42

(14.0 - 14;;%
L2 2.97

14.25 0.21

(14,1 - 14.4)

z 1.49

© 14.40 0.51,

(13.9 - 15.3) "

6 3.54
14.10 0.70
(13.6 - 14.9)

3 4.96
14.63 = 0.42
(14.2 - 15.4)

8 2.87
14, 7gu . 0.08
(14.6 - 14.8)

o4 4. 0.56
14.3

1
14.75 0.07"
(14.7 - 14.8)

2 ©0.48

.

" 11

COMBINED
14.12.°  0.4a1
(13.6 - 14.6)

6 2.88
14.07 0.66
(13.4 - 15.2)

7 4.69

14.25 0.21

(14.1 - 14.4)

2 1.49
13.85 0.07
(13.8 - 13.9)

2 0.51
14,32 0.41
(13.9 - 15.3)

- 2.86
14.10 0.70

(13.6 - 14.9)

3 4.96
14.55 . ,0.37"
(4.2 - 1£.4
13 2.53
14 .64 0.15
(14.4 - 14.8)

5 1.04
14.25 0.07
(14.2 - 14.3)

2 1.01
14.60 ©  0.22
(14.3 - 14.8)
4 1.48

F-RATIO

0.44

0.30

0.50

0.76

10.80*

3.60
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bl

FEMALE - - MALE COMBINED -  F-RATIO
\\(Myitkyina ‘1 )
14.37  0l49  14.4 14.38  0.40 . ©0.00 =
(13.8 - 14.7) . | (13.8 - 14.7)
3 3.43 1 - 4 2.80 ,
o ,
s
. @
\
' AN
\ ' | .
‘ o
. :



1)

1

Table 16

S

FEMALL

Singapore
12.08
(11.8 - 12.4)

4

Endau,

Sung

12.43
- (11.8 - 13.1)
3

Tioman, P,
11.95
(11.6 - 12.4)

4

, 12.35 -
g (11.9 - 1298) -

2

~

Bucki Besi
12.23
(11.9 - 12.5)

0.28

2.28

ei
0.65

¥ 24

0.34

2.86

Rompiﬁ) Sungei

0:64

5.15

0.25

4 2.04
.“Dungun Tanjong

o 12.27 - 0.35
(11.8 - 12.6)

.7 ’ 2.77

'Maxwell‘Bgékit

Langkawi, P
1136

/

.
rit
-,'J

Kaki Bukig
12.05
(11.6°- 12.5)

2.

v

.
]

0.64

5.28

Variation in %he distance between
opisthion ami -omstocramon
ﬁk’v
MALE COMBINED
12.57 0.15 12.29 0.34
(12.4 - 12.7) (11.8 - 12.7)
° 3 1.22 7 2.76
12.60 0.27 12.53 0.43
(12.2 - 12.8) (11.8 = 13.1)
4 2.15 ¢ 7 3.44
12.8 12,12 0.48
: (11.6 - 12.8)
1 5 3.97
b .. h
N . 12.35 0.64
: e (11.9 - 12.8)
'7-' . & 2 ’ 5..5
ul .
w&x? A .
é&& 12.48 o 0.61
(11.9 - 13.5)
: 5 4.89
12.2 12.26 0.32
(11.8 - 12.6)
1 T 8 2.61
’ ®
'O v a0, 0.42
(12.1 - 12.7) -
2 3.42
11.94 ©0.40  11.88 - 0.38
(11.6 - 12.6) (11.6 - 12.6)
5. 3.32 6 St 321
.,' ~ ’ ) ;\Lﬁ
> . 12.05 0.64
(11.6 - 12.5)

-2 5.28

F-
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RATIO

7.56%*

0.22

)
"4.95

©20.81*

0.04

3



FEMALE
Si Chon
12.00 0.28
(11.8 - 12.2)
2 2.36
Tao, Ko
12.00 0.00
(12.0)
3 10.00

Zadetkyi Kyun

Kawthaung

- Lanbi Kyun

.\

Klong Yai

Prachuap Khiri Khan
12.2

1

Chan Ko

bl

¥

Nong Kho; Khlong
12.4

-1 .

Pak Tho ;
11.20 0.14
(11.1 - 11.3)"

2 1.23

MALE . COMBINED
12.30 0.25 12.20 0.28
(12,0 - 12.5) (11.8 - 12.5)

4 1.99 6 2.26
12.35 0.07 12.14 0.19
(12.3 - 12.4) (12.0 - 12.4)

2 0.57 5 1.61
12.27 0.12 12.27 0.12
(12.2 - 12.4) (12.2 - 12.4)

3 0.94 3 0.94

. 12.40  0.10 12.40  0.10
(12.3 - 12.5) - ¢12.5 - 12.5)
3 0.81 _ 3 0.81
‘ffaﬁz.zs 0.35
, -~ (12.0 - 12.5)
%:‘%ﬁ : o 2 " 2*9
o n I :"f‘ Ve A ’
ot }‘:1. a':
1Xe8: . 0%07
(12.8 - 12.9)
2 0.55
12,37 0.55 12. 3§@% Shi 0. 46
(12.0 - 13.0): ’(12 13.0
3 4.46 -3, 71
12.40 0.28
. . (12.2 < 12.6)
§§2§f' 2 2.28 .
12.45 0.07 12.43 0.06

(12.4 - 12.5) (12.4 - 12.5)

2 - -0.57 3 0.46
12.2 11.53 - 0.59

(11.1 - 12.2)
1 3 5.08

s

F-RATIO

1.85

88.20*

0.07
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FEMALE
» Bangkok
12.03 0.57
(11.4 - 12.5)
3 4.73
Kanchanaburi
11.84 0.18
(11.6 - 12.0)
5. 1.54
Lat Bua . Kao.
" Lop Buri
11,85 0.21 -
(11.7 - 12.0)
2 1.79
Nakhon Sawan
11.66 0.32
(11.3 - 12.1) .
S 2.75

Khlong JKhlung

Khon Kaen
12,12 0.37
(11.7 - 12.6)
5 3.05
Chiang Mai
12.0 -
1 S
/7
Na:n . " [R—
11.6:
1
 Wet Kyﬁn '
z 11,85 " 0.07
(11.8 - 11.9)
2 .0.60

o

MALE

12.20 0.35
(11.8 - 12.4)
3 2.84
"'11,80 0.14
(11.7 - 11.9)
2 1.19
12.35 0.35
(12.1 - 12.6)
2 2.86
.
12.03 0.22
(11.7 -*12.3).
6 -1.80:.
12.40 0.70
(11.6 - 12.9)
3 5,65
©12.75 0.48
(12.1 - 13.5) -
8 3.77-
12.48 0.15
(12.3 - 12.6)
4 1.20 -
12.4
1
12:10 0.14
(12.0 - 12.2)
2 ‘ 1.17

COMBINED
12,12° 0.43
(11.4 - 12.5)

6 3.56
11.83 0.16
(11.6 - 12.0)

7 1.36
12.35 0.35
(12.1 - 12.6)

2 2.86
11.85 0.21
(11.7 - 12.0)°

2 01.79
11.86  0.32
(11.3 - 12.3)
11 2.70
12,40 L0.70
(I1.6 - 12.9). .
3 5 g5
12:51 0.53
(11.7 - 13.5)
13 4.25

///
12.38  0.25
(12.0 = 12.6)

5 2.01
12.00 - 0.57
(I1.6 - 12.4)

2. 4.71
A
11.98 0.17
(11.8¢- 12.2)
4 1,43

F-RATIO

0.19

0.08

"8.02

5.00
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FEMALE MALE . COMBINED F-RATIO
Myitkyina
11.67 0.15  ° 11.9 11.73 . 0.17 1.75
(11.5 - 11.8) (11.5 - 11.9)
3 1.31 1 4 1.46
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‘ 1 .3
Table 17 Variation in the length of the maxillary molar row (M -M))

FEMALE ' MALE
Singapore . .
9.35 0.17 - 9.30¢ 0.35
(9.2 - 9.6) (8.9 - 9.5)
4 1.85 3 3.72
Endau Sungei -
8.93 0.15 9.13 0.21
(8.8 - 9.1) (8.9 - 9.4) :
3 1.71 4 . 2.26
Tioman, P. 4
8.50 0.20 8.4
(8.4 - 8.8) ) -
4v g 2.35 0, 1
8 ?ﬁ? R
Rompig, Sungei .
s.%ﬁé RS AR .
(8.6 - 8.9)
2 2.42 .,
-4
Bucki Besi
8.85  0.17, 8.9
L (8.7 -.9.1) :
-4 1.95 .1 ’
Dungun Tanjong 4 -
8.71 - 0.20 8.4
(8.3 - 8.9)
7 - 2.24 1
Maxwell Buckit ‘
1
Lm@hmi,?; .
8.2 8.98 " 0.05
: (8.9 - 9.0)
1 5 : 0.50
Kaki Bukit
8(85 - 0.21
(8.7 - 9.0)
2 - 2.40

“y

COMBINED
9.33 0.24
(8.9 - 9.6)
7 2.51
9.04 0.20
B.8 - 9.4)
7 - 2.20
8.48 0.18 .
(8.4 - 8.8)
5 2.10
8.75  0.21
(8.6 - 8.9)
2 . 2.42
84,86 0.15
k(§.7 9.1y
5 1.71
8.68 0.4
(8.3 - 8.9).
8 2.44
8.65 0.21.
(8.5 - 8.8)
2 < 2.5
'8.85, - 0.32
(8.2 - 9.0) -
6 3.63
8.85 0.21
(8.7 - 9.0) '
2 2.40

F-RATIO

1.81



FEMALL " MALL . COMBINED k F-RATIO

Si1 Chon ‘
8.60 0.28 8.70 0.18 8.67 0.20 0.30
(8.4 - 8.8) . (8.5 - 8.9 (8.4 - 8.9)
2 3.29 4 2.10 o 2.27
]
Tao, Ko
8.60 0.10 8.50 0.14 B.506 0.11 0.90
(8.5 - 8.7) (8.4 - 8.06) (8.4 - 8.7)
3 1.16 2 1.66 5 1.33

Tadetkyil Kvun

. " 9,30 0.17 9. 30 0.17
. (9.1 - 9.4) (9.1 - 9.4)
3 1.86 3 " 1.86
Kawthaung
8.77 0.25 8.77 0.25
(8.5 - 9.0) (8.5 - 9.0)
— 3 2.87 3 2.87
Lanbi Kyun -
8.60 0.00 )
(8.6}
2 0-00
Klong Yail
8.80 0.57
(8.4 - 9.2)
2 6.43

Prachuap Khiri Khan

8.5 . 8.53 0.42 8.53 0.34 0.00
o “ (8.2 - 9.0) (8.2 - 9.0) :
1 ) 3 4.88 4 3.99
Chan, Ko -
8.90 0.14
(8.8 - 9.0)
2 1.59
i i
aong Kho , Khlong
8.7 .8.9 o 8.80 0.14 -
A < - ‘ (8.7 - 8.9) .
1 1 2 1.61
Pak Tho .
8.50 0.42 8.7 8.57 0.32 0.15
(8.2 -'8.8) (8.2 - 8.8) :

2 499 1 3 - 3.75



FPMALL
Banghok )

R.7T7 0,30

(8.3 - 9.0y}

'3 3,61
Kanchanabur)

5.744 0,09

(8.6 - 8.8) ‘

5 1.02
Lat RBua Kao
Lop Buri

8.70 0.28

(8.5 - 8.9

2 3.25
Naknhon Sawan

8.53 0.10

(8.4 - 5.6)

4 1.13
Khlong xhilung
Xhon Kaen

8.74 0.11

-(8.6 - 8.9)

5 1.2
Chiang Mai

8.5

1
Wet Kyun

8.6 .. .,

1
Nan «

9.0

1

RV

MALL

0. 20
- 9.0)

to
5
~d

0.18

2.10

COMBINED

8.78
(8.3
§)
8.67
(8.3
[§)
9.40
(8.4
5

8.80

(8.6

0.2
9.0),

AL

9.14

1.64

0
: [
R~ O,

.38

.25

.90

0.24

.81

.14

.63

.28

.21

F-RATTO

20,17+,

183



FEMALE

Myvitkyina
8.07 0,12
(R0~ 8.0)
3 1.43

[g¥]

MALL
f

COMBINED
8.10 0.12
(8.0 - 8.2)

4 1.43

F-RAT1

184



Table 18

FEMALE

Singapore

17.25 0.37
(lo.7 - 17.5)
4 2.15

Endau, Sungei

16.00 0.20

(15.8 - 16.2)

3 '1.25
Tioman, P.

15.50 0.20

(15.4 - 15.8)

4 ' 1.29

Rompin,'Sungei

16 .50 0.14
(16.4 - 16.6)
2 .86
Bucki Besi
16.23 0.44
(15.6 - 16.6)

4 2.68

Dﬁngun-Tanjong

15.64 - 0.24
(15.3 - 15.6)
7 1.56

S

Maxwell B. - t°

Langkawi, P.

16.6

1

A

Kaki Bukit

15.90 0.28
(15.7 - 16.1)

2 1.78

[

Y

variation in the

MALL
17.00 o5
(16.8 - 1~ .4

3 o4
16.58 0.40
(16.1 - 17.0) *°
KRN 2.43
15.4

1

¢

16.8 :

1

15.3

1

16.16 = . 0.42
(15.7 - 16.7)
5 . 2.57

bimolar width (M

2

COMBINED -
17.14 0.36
(16.7 - 17.%)°
7 2.07
16.33  * 0.43
(15.8 - 17.0) ~

; 2.66

f.
15.48 0.18
(15.4 - 15.8)
5 )
16 .50 0.14
(16.4 - 16.6)
2 \0.86.
16.34 0.46
(15.6 - 16.8)
5 2.79
15.60 0.26
(15.3 - 16.0)
8 - 1.64
15.70 0.99
(1570 - 16.4)
2 6.31
16,23 0.41
(15.7 --16.7)
6 . -~ 2.54
15.90  0.28
. (15.7 - 16.1)
2 1.78

MY

Vad

1

1

.40

.73

.93
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FEMALE
. Chon
.15.90 0.71
(15.4 - 16.4)
2 _4.44
Tab, Ko
16.43 0.31
(16.1 - 16.7)
3 1.86

Zadetkyl Kyun
- Kawthaung
"meiKﬁm

* Klong Yai

<

N

Prachuap Khiri Khan
16.0

1

Chan,. Ko .

-
Nong Kho , Khlong
15.9

1 .
Pak Tho //
16.15 - 0.35
(15.9 - 16.4)
2 2.19

16.53
(16.2

16,40

(15.°¢
5

16.57 |

(16.5

15.37
(15.1

16.27
(16.0

16.55

MALE

0.30
16.9)

.1.81

0.28
16.3)

1.76

0.06
16.6)
0.35

.. 0.23

15.5)°

1.50

0.31

- 16.6)

1.88

0.21

(16.4 -.16.7)

.2

17.3

1.28

COMBINED

16.32.
" (15.4

]

16.30

(15.9.

16.57

15.37
(15.1

. 15.80
(15.6

16.45

(16.0

16.20
(16.0

16.05
(16.0
2

16.33
(15.9

16.53
(15.9
3

(16.5.

0.51 2.71

0.28 0.57
16.6)

-1.75

0107"
16.1) .
0.44

0.40 6.26
16.7)
2.47

0.71
17.3)
4.29

F-RATIO * -

1.50

7.05 7N
/ )
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FEMALE
Bangkok ]
16.33 0.64
(15.6 - 16.7)

3 3.89

Kanchanaburi

16.12 0.41

(15.8 - 16.7)

S 2.54
[.at Bua Kao .
pgp Buri

16.45 0.78

(15.9 - 17_01

2 4.73

Nakhon Sawan

15.90 0.43
@I5.3 - 16.4)
5 - 2.70

Khlong ' Khlung

"~&hon Kaen

16.30 0.47
_(15.8.--16.8)
5 - 2.88
Chiang Mai
15.8
1.
Nan . “.
16.0
1 -
Wet KyUn'
" 16.10  0.57
(15.7 - 16.5)

-//2 /’”'“3.52‘

. ¥

COMBINED

MALL
16.53 0.21 16.43
(16.3 - 16.7) (15.6
3 1.26 6
15.55 IN20 15.90
(14.7 - l6.4) (14.7
2 7.73 7
\ o
16.25 0.07 16.25 -
(16.2 - 16.3) (162
2 0.44 2
{
16.45
(15.9
2
16.17 0.39 16.05
(15.6 - 16.6) (15.3
6 2.93 11
16.60 0.26 1660
(16.3 - 16.8) (16.3
3 1.59 3
16.35 0.63 16.33
(15.5 - 17.2) (15.5
8- 3.83 13
s - .
©16.15 . 0.2l 16.08
\$15.8 - 16.4) (15.8
4 M 1.29 5
16.1 16.05
(16.0
1 2.
15.85 0.35 15.98
(15.6 - 16.1) _—(5.6
2 Lo2.23 4

0.44
16.7)
2.66

~0.066
16.7)
4.11.

0.07

16.3)

0.44

0.78

0.07
16.1)
0.44

0.41 .
16.5)
2.57

\

1.

0.

2

10

.15

02

.26 .
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FEMALE MALE ’ COMBINED " F~RATIO
Myitkyina
15.47 0.35 . 15.8 15.55 0.33 0.68
(15.1 - 15.8) (15.1 3 15.8)
3 2.27 1 4 2.13
> J‘
1
. AN /f
I\
a5 ’
\ /_—
Y



Table 19

FEMALE
Singapore
6.48 0.
(6.2 - 6.6)
3

4 2.¢

Endau, Sungei

6.07 0.

(5.9 - 6.2)
3 2.

. Tioman, P.

19

77

19

6.03" 0.
(5.9 - 6.2)
4 2.
Rompin, Sungei
6.45 0
(6.3 - 6.6)
2 3.
“Bucki Besi
6.18 0.
(6.0 - 6.4)
4 2.
Dungun Tanjong
6.03 0.
(5.8 - 6.4)
7 3.

]

Maxwell Buckit

Langkawi, P.
6.0

1

Kaki Bukit
6.10 0.28
(5.9 - 6.3)

2 4.64

13

189

I )
Variation in incisor width (17-17)

MALE COMBINED F=RATIO
6 .60 0.10 6.53 0.16 1.05
(6.5 - 6.7 (6.2 - 6.7)
3 1.52 7 2.54
6.73 0.25 6.44 0.40 15.86*
(6.6 - 7.1) (5.9 - 7.1)
4 3,72 7 6.26
6.0 6.02 0.11, 0.03
(5.9 - 6.2)
1 . 5 1.82 )
6.45 0.21
(6.3 - 6.6)
2 3,29
7.0 6.34 0.40 18.67*
: (6.0 - 7.0)
1 5 6.26
6.2 6.05 0.19 0.72 J
(5.8 - 6.4)
1 8 3.06
6.40 0.28
(6.2 - 6.6)
2 4.42
6.50 0.24 6.42 0.29 3.79
(6.3 - 6.8) (6.0 - 6.8)
5 . 3.62 6 4.56
6.10 0.28
(5.9 - 6.3)
2 4.64



A
FEMALL
Si Chon
6.00 0.14
(5.9 - 0.1)
2 2.35
Tao, ko
6.27 0.06
(6.2 - 6.3)
3 0.93

Zadetkyi Kyun

Kawthaung

Lanbi Kyun

Klong Yai

Prachuap kKhiri Kham(-~

6.1

P

1

Chan, Ko

Nong Kho, Khlong
5.8

1

-« Pak Tho
6.10 0.14
(6.0 - 6.2)

2 2.31

MALL
.45 0.
(6.2 - 6.06)
4 2
6.35 0.
(6.3 - 6.4)
2 ' 1.
6.37 0.
(6.3 - 6.4)
3 0
6.47 - 0.
(6.3 - 6.6)
3 2

6.43 0
(6.2 - 6.8)
3 4
6.45 0.
(6.3 - 6.6)
2 3.
6.7

1

19

.90

07

06

.91

15

.32

.99

21

29

COMBINED

0.28
(.9 .6)
6 1.49
6.30 0.07
(0.2 .4
S 1.12
6.37 0.06
(6.3 .4)
3 0.91
6.47 0.15
(6.3 .6)i
3 2.37

0

6.10 0.28
(5.9 .3)
2 4.64
6.45 0.07
(6.4 .5) .
2 1.10
6.35 0.31
(6.1 .8)
4 4.90
6.25 0.35
(6.0 .5)
2 5.66
6.23 0.40
(5.8 .6)
3 0.71
6.30 0.36
(6.0 .7)
3 5.72

190

F-RATIO

8.31*

2.14

0.81

6.26

12.00



FEMALE
Bangkok
6 .50
(6.2 - 6.8

3

Kanchanaburi
6.02

5

[Lat Bua Kao

Lop Buri
6.00
(5.9 - 6.1

Nathen Sav n
6.06
(5.8 - 6.4
5

Khlong Khlung

Khon Kaen
6.34
(6.2 - 6.6
)

Chiang Mai
6.3

0.:

)

4.

0.
(5.8 - 0.3)
3.

0.

)

-

0.

)
3

0.

)
2

0.

-0

19

19

-

1

.36

to
o

.61

.63

00

.00

MALE
6 .87 0.15
6.7 - 7.0)
3 223
5.95 0.50
(5.6 - 0.3)
N 8.32
6,20 0.42
(5.9 2 6.5)
2 6.84

6.42 26
6.1 - 6.7)
6 -3.99
6.60 0.17
(6.5 - 6.8)
3 2.62
6.48 0.31
6.1 - 6.9)
8 4.80°
6.58 0.13
(6.4 - 6.7
4 1,92
6.4
1
6.05 0.07
(6.0 - 6.1)
2 0.12

COMBINED

6.08
(6.2
6

6.60
(6.5

6.42
(6.1

F-RATIO

0.29 3.56

6.

6.

0.29 6.00*

4.71

0.17

2.62

0.27 0.78

4.13 .

0.28
4.56

0.10. 9.00

1.60

0.16- - 3.82 .7

191



FEMALL

Myitkvina
6.3

(6.1 - 6. 1)

S

JL15

0.95

MALE

COMBINED

6.25 0.13

(61 o.4)

R 2. 06
sof

F~RATIO

192



Table

FEMALE

Singapore
10,28 0,430
(9.8 10.7)
4 - 3.9

Endau, Sungei

9.73 0.50

(9.2 - 10.2)

3 5.17
Tioman, P.

9,53 0.30

(9.2 - 9.9

4 - 3.14

Rompin, Sungei

9.85 0.21

(9.7 - 10.0)

2 2.15
Bucki Besi

9.73 0.15

(9.6 - 9.9)

4 1.54

Dungun Tanjong

9,73 0.23
(9.3 - 10.0)
7 2.35

Maxwell Buckit

 Langkawi, P.

9.7
1
Kaki Bukit
. 9.85 0.35
(9.6 - 10.1)
2 3.59

A

20

Variation in

molar tooth row (MI—M~W

MALF

10.03 0.38
(9.6 . 10.3%)

3 3.78
9.88 0.57
(9.1 - 10.4

4 5.81
9.2

1

9.4

l<>"

9.4

1-

9.80 0.21
(9.5 - 10.0)

5 2.16

-~

length of mandibular

COMBINED

10,17
(9.6
>
9.81
(9.1
>
9.46
(9.2
)
9.85
(9.7
2

!

9.66
(9.4
5
9.69
(9.3
8
9.40
(9.3
2
9.78
(9.5
6
9.85
(9.6
2

P-RAT LD

0.65

0.12

3.76

1.80

0.19

19



MA
. tChon
9,54
3 9.
2
Tao, :u
9.23
(9.2 9
3

Zdadetkyi Ky

.

Kawthaung

Lanbi Kyun

Klong Yai

\Brachuap Khiri Khan

" 9.1
1

Chaﬁ, Ko

0.06

0.63

un

Nong Kho | Khlong

9.6
1
Pak Tho

9.25
(9.0 - 9,
2

0.35.

>)
3.83

MALL
.53 0.1
(9.3 - 9.8)

1 2.1
9.20 £0.00
(9.2)

2 0.00
10.00 .  0.17
(9.9 - 10.2)

3 1,73
9.57 0.12

(9.5 = 9.7)

'3 1.20
9.50 0.17
(9.3 - 9.6)
3 1.82
9.75 0.35°
(9.5 - 10.0)

2 3.63

9.4

1

COMBINED
A N

9,53 0.2
(9.3 0.8)
6 : 2. 30
9,20 .04
(9.27- ¢ 5
5 0.4
10.00 0.17
(9.9 - 10.2;
3 L.73
9.57 0.12
(9.5 - 9.7) .
3 1.20
9.55 . 0.21
(9.4 - 9.7)
2 2.22.
9.65 = 0.64
(9.2 - 10.1)
2 6.59
9.40 0.24
(9.1 - 9.6)
4 2.61
9.65 0.21
(9.5 - 9.8)
2 2,20
9.70 10.26
(9.5 - 10.0)
3 2.73
9.30° . 0.26
(9.0 - 9.5)
3 2.85

FLRATIO

0.01

0.60

0.12

"0.12
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FEMALLE
Bangkok
9.60 0.35
(9.2 - 9.9)
3 3.60

Kanchanaburi

9.52 0.05
(9.5 - 9.0)

5. 0.47

Lat Bua Kao

A
Lop Buri
9.50 0.42
(9.2 - 9.8)
2 4.47

Nakhon Sawan

9.04 0.09
(8.9 - 9.1)
5 0.98

Khlong Khlung

Khon Kaen
9.46 0.23
(9.2 - 9.7)
5 2.43

Chiang Mai
9.3

Wet Kyun
9.55 0.07
(9.5 - 9.6).
2 0.74

MALL
9.63 - 0.31
(9.3 - 9.8)

3 3.18
8.9

1 —

9.10 0.00
(9.1)

2 0.00

9.42 0.44
(8.8 - 10.0)

5 4.65
9.57 0.31
(9.3 - 9.9)

3 3.19

9.66 0.20
(9.4 - 10.0)

7 2.06
9.30 0.10
N2 - 9.4)

g 1.08
9.

9.50 0.00
(9.5)

2 0200

COMBINED

9.062
(9.2 - 9.9

~

(o]

@]
'

10.

(9.3 - 9.9

(9.2 - 10.

(9.2 - 9.4

(9.1 - 9.9

(9.5 - 9.6

0.00

)

0.36
0)
3.89

0.31

)
3.19

0.23
0)
2.36

0.08

)
0.87

0.57

)
5.95

0.05

)
0.52
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0.02

2.52

0.00

1.00
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o FEMALEG MALE COMBINED F-RATIO
‘ \
Mvitkvina
9.10 0.17 9.1 I 9.10 0.14 0.00
(8.9 - 9.2) .. (8.9 - 9.2)
3 1.90 1 ’ 4 1.55



FEMALE

Singapore
35.65 0.55
(35.0 - 36.3)
4 1.53

Endau, Sungei

34.07 0.71
(33.3 - 34.7)
3 2.08

Tioman, P.

33.45 0.83
(32.8 - 34.6)
4 . 2.47

Rompin, Sungei

35.15 0.50
(34.8 - 35.5)
2 1.41

Bucki Besi

34.18 1.03
(33.4, - 35.7)
4 3.03

Dungun Tanjong
34.09 0.65
(33.2 - 34.9)

7 1.90

Maxwell Buckit

Langkawi, P.
33.6

1

" Kaki Bukit
¥34.55 0.21

(34.4 - 34.7)
2 © 0.61

21 Variation in jaﬁ length
MALE COMBINED
36.67 0.23 36.09 0.68
(36.4 - 36.8) (35.0 - 36.8)
3 0.63 7 1.88
35.23 0.41 34,73 0.80
(34.7 - 35.6) (33.3 - 35.6)
4 1.17 7 2.30

A
34.2 33.60 0.729
_ (32.8 - 34.6)
1 5 2.35
35.15 0.50
(34.8 - 35.5)
2 1.41
[ ]
37.0 34,74 °  1.55
(33.4 - 37.0)
1 5 Y. 4.46
33.8 34.05 0.61
(33.2 - .34.9)
1 8 1.78
33.85. 1.48
(32.8 - 34.9)
2 4.39
34.36 0.33 34.23 0.43
(34.0 - 34.7) (33.6 - 34.7)
5 0.96 6 1.25
34.55° 0.21
(34.4 - 34.7)
2 0.61
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8.89+
7.60%

0.66

5.97

4.46



FEMALL
Si Chon .
32.70 0.00
(32.7)
2 0.00
Tao, Ko
32.70 0.20
(32.5 - 32.9)
-3 0.61

Zadetky1 Kyun

Kawthaung

Lanbi Kyun

"Klong Yai

.

Prachuap Khiri ghan

32.5 J
1

Chan , Ko

T4

“Nong Kho, Khlong

34.3
1
Pak Tho
32.40 0.14
(32.3 - 32.5)
2 0.44

MALE
34.25 0.90
(33.1 - 35.1)
4 2.62
32.80 0.42
(32.5 - 33.1)
2 1.29
35.77 0.85
(34.9 - 36.6)
3 2.38
34.43 0.91
(33.4 - 35.1)
3 2.63
34,17 -1.46
(33.0 - 35.8)
3 4.26
34.15 0.50
(33.8 - 34.5) .
2 " 1.45
33.9
1

¥

COMBINED
33,73 1.06
(32.7 - 35.1)

6 3.14
32.74 Q.26
(32.5. - 33.1)

5 0.80
35.77 0.85
(34.9 - 36.6)

3 2.38
34.43 0.91
(33.4 - 35.1)

3 2.63
34.05 0.07
(34.0 - 34.1)

2 0.21
36.00 0.99
(35.3 - 36.7)

2 2.75
33,75 1.45
(32.5 - 35.8)

4 4.30
33.10 0.57
(32.7 - 33.5)

2 1.71
347,20 0.36
(33.8 - 34.5)

3 1.05
32.90 0.87

©(32.3 - 33.9)

3 . 2,65

F-RATIO

5.32

- 0.98

0.06

75.00
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o

FEMALE - MALE
Bangkok
33.67 1.16 34.33 0.35
(33.0 - 35.0) " (34.0 - 34.7)
3 3.43 3 1.02
Kanchanaburi A s
32.64 1.02 31.15 0.07
(31.9 - 34.0) (31.1 - 31..2)
5 T 3.13 2 0.23
Lat Bua Kao
32.60 1.13
(31.8 - 33.4)
2 3.47
Lop Buri
33.15 0.50
(32.8 - 33.5)
2 1.49
Nakhon Sawan N
32.48 1.13 33.57 0.98
(30.8 - 33.6) (32.3 - 35.2)
5 3.48 . 6 2.90
Khlong Khlung
33.83 1.81
(32.5 - 35.9)
. 3 5.36
Khon Kaen o
33.40 0.42 33.70 0.77
(33.0 - 34.0) (32.6: ¢ 35.0)
4 1.27 8 T 2.28
X
Chiang Mai ‘
'31.4 33.10 » 0.50
(32.6 - 33.6)
1 3 1.51
Nan
33.8 32.6
1 , 1
N
Wet Kyun N
33.50 0.14 33.40 0.42
(33.4 - 33.6) (33.1 - 33.7)
2 0.42 2 ) 1.27

COMBINED
34.00  0.85
(33.0 - 35.0)
6 2.49
32.21 1.11
(31.1 - 34.0)
7 < .3.44
32.60 1.13
(31.8 - 33.4)
2 3.47
33.15 0.50
(32.8 - 33.5)
2 1.49
33.07 1.14
(30.8 - 35.2)
11 3.46
33.83 1.81
(32.5 - 35.9)
3 ©5.36
33.60  -0.67
(32.6 - 35.0)
12 1.99
32.68 0.94
(31.4 - 33.6)
4 2.89
.
'33.20 . 0.85
(32.6 - 33.8)
2 2.51
33.45 . .0.26
(33.1 - 33.7)
4 0.79

F-RATIO

2.94

0.51

" 8.67

0.10
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»

FEMALE MALE COMBINED
Myitkyina ‘
31.70 0.90 32.1 31.80 0.76

(30.8 - 32.6) (30.8 - 32.6)
3 2.84 1 4 2.39
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Table 22 Variation in thé height of the ascending ramus

FEMALE

Singapore
13.83 0.31
(13.4 -.14.1)
4 ‘2.24

Englau, Sungei

Maxwell Buckit

Langkawi ,
13.0

1

Kaki Bukit
13.65 N
(13.5 - 12 )
2 55

13.37 1.08 -
(12.6 - 14.6)
3 8,07
Tioman, P.
13.25 0.89
(12.4 - 14.2)
4 6.68
Rompin, Sungei
13.40 0.14
(13.3 - 13.5)
2 ~1.06
Bucki Besi
‘ 12.90 0.65
(12.3 - 13.6)
4 5.02
Dungan Tanjong
12.97 0.63
(12.2 - 13.9)
7 : 4,89

/

/

1

MALE
14.90 0.36
(14.5 - 15.2)
3 2.42
13.33° 0.38
(12.9 - 13.8)
4 2.83
14.0

1

14.0

1

13.8 '

1

13.78 0.45

(13.2 - 14.4)

5

3.26

COMBINED
14.29 0.65
(3.4 - 15.) §
7 4.54
13.34 0.68
(12.6 - 14.6)
7 5.08
13.40  0.84
(12.4 - 14.2)
5 6.24
13.40 0.14
(13.3 - 13.5)
T2 1.06
13.12 0.75
(12.3 - 14.0).
5 5.69
13.08 0.66
(12,2 - 13.9)
8 4.72
13.05 1.91
(11.7 - 14.4)
2 14.62
13.65 0.51
(13.0 - 14.4)
6 3.76
13.65 0.21
(13.5 - 13.8)
2 1.55

0.

2.

1

2

57

30

.49

.51
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FEMALL

Si.Chong

12.65 ¢.07

(12.6 - 12.7)

2 0.56
Tao, Ko

12.87 0.12

(12.8 - 13.0)

3 0.89

Zadetkyi Kyun

Kawthaung

Lanbi Kyun

Klong Yai

Prachuap Khiri Khan

13.2
1

Chan, Ko

Nong Kho, Khlong

Pak Tho
12.90 0.14
(12.8 - 13.0)
2 1.09

MALL
13.88 0.41
(13.5 - 14.4)
4 2.96
13.50 0.42
(13.2 - 13.8)
2 3.14
13.37 0.49
(12.8 - 13.7)
3 3.69
13.30 0.46
(12.8 - 13.7)
3. 3.45
" 13.80 0.53
(13.2 -.14.2)
3 3.83
13.95 0.50
(13.6 - 14.3)
2 3.55
13.4

1

3

.

COMBINED
13.47 0.71
(12.6 - 14.4)
6 5.26
13.12 0.41
(12.8 - 13.8)
5 3.16
13.37 0.49
(12.8 - 13,7)
3 3.69
13.30 . 0.46
(12.8 - 13.7)
3 3.45
13.20 0.42
(12.9 - 13.5)
2 2.28
14.15 0.07
(14.1 - 14.2)
2 0.50
13.65 0.53
(13.2 - 14.2)
4 3.85
12.70 . 0.85
(12.1 - 13.3)
2 6.68
13.95 0.50
(13.6 - 14.3)
2 3,55
13.07 0.31
(12:8 - 13.4)
2.37

i

F-RATIO

15.62*

6.99

0.96

8.33
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FEMALL
Bangkok
13.53 0.35
(13.2 - 13.9)
3 2.59

Kanchanaburi

12.56 0.92
(11.4 - 13.4)
5 7.33

Lat Bua Xao

Lop Buri
13.25 0,35
(13.0 - 13,
2 Q.67

\

Nakhon Sawan
13.00 0.60
(12.1 - 13.6)
5 4.62

Khlong Khlung

» Khon Kaen

13.40 0.42
(13.0 - 13.9)
4 3.16
Chiang Mai
Nan
13.7
1
Wet Kyun.
13.25 0.07

(13.2 - 13.3)
2 : 0.54

MALL
14.37 0.59
(13.7 - 14.8)
3 4.08
12.20 - 0.57
(1}.8 - 12.6)~
2 4.64
13.60 0.85
(13.0 - 14.2)
2 6.24
13.45 0.40
(12.9 - 14.0)
6 2.97
13.47 1.17
(12.6 - 14.8)
3 8.70
13.71 0.48
(13.1 - 14.3)
7 3.50
13.85 0.78
(13.2 - 14.4)
2 5.62
12.7
1
13.00 0.71
(12.5 - 13.5)
2 5.44

COMBINED

3.95 0.63

(13.2 - 14.8)

4.51
12.46 0.81

(11.4 - 13.4)

7 6.47
13.60 0.85
(13.0 - 14.2)

2 6.24
13.25 0.35
(13.0 - 13.5)

2 2.67
13.25 0.53
(12.1 - 14.0) -~
11 4.00
13.47 117
(12.6 - 14.8)

3 - 8.70
13.60 0.47
(13.0 < 14.3)

11 3.43

13.85%  0.78

(13.3 ~\14.4)

2 5.62
13.20 0.71
(12.7 - 13.7)

2 5.36
13.13 0.43 --
(12.5 - 13.5)

4 3.31
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0.25

0.25



FEMALE

Myitkvina
12.47

0.59

(11.8 - 12.9)

3

4.70~—

13.

MALE

0

1

-

204

COMBINED® F_RATIO
12.60 0/ss 042\
(11.8 - 13.0)

A 4.35



Table 23 Variation in the height of

FEMALE

Singapore

»

9.18 0.29
(9.0 - 0.6)
1 . 3.13

Endau, sungei

8.30 0,72
(7.7 = 9.1)
3 8.09

Tioman, P.

8.10 0.86
(7.0 - 9.M
4 10.6

Rompin, Sungei

8.45 0.21
(8.3 - 8.6)
2 2.51

Bucki Besi

8.55 0.53
(7.8 + 9.0)
4 . 6.15

Dungun Tanjong

8.37 0.28
(8.0 - 8.7)
7 3.36

'Maxwell Bucfit

Langkawi, P,
8.0

1

Kaki Butit
9.1 0.42
. (8.8 - 9.4)
2 - 4.66

~1

O

(8.6 -°9.4)

COMBINED

0.37
10.0)
3.05

0.44
9.1

5.19

0.87
9.1)
9.55

0.21
8.6)
2.51

0.50
9.0)
5.76

0.29
8.7)
3.39

1.20
9.5)
13.90

0.51

- 9.4)

5.75

0.42
9.4)
4.66
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—
9s]
Jal

1.08

0.59

1.20

8.10*



FEMALE

S1 Chon

8.15 0,21

(8.0 - 8.3)

2 2,60
Tao, Ko

8.53 0.15

(8.4)

3 1.79

Zadetkyi Kyun

Kawthaung

Lanbi Kyun

Klong Yai

Prachuap Khiri Khan
9.2

1

Chan, Ko
g

Nong Kho; Khlong

Pak Tho
8.25 0.07
(8.2 - 8.3)

2 0.86

9.00
(8.7
2
8.4

1

MALE

0.07

0.81

0.60
- 9.4)
6.83

0.42
- 9.3)
4.71

COMBINED

8.58
(8.0
[§)

8.02
(8.4
5

8.63
(8.5
3

8.77
(8.3
3

8.35
(8.0
9.55
(9.5
2

8.93
(8.2
8.40
(8.2
2

9.00
(8.7
2

8.30
(8.2
3

-~ D
o

2

.7)

0.4

.2

5.18

0.16

.8)

1.91

—
o

o3|
[#8]

0.45

5.14

0.50

5.93

0.07

.6)

0.74

0.53

4)

5.88

0.28

.6)

3.37

0.42

.3)

4.71

0.10

.4)

1.20

i
!

F-RATIO

3.

.30

00
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FEMALE
Bangkok
g.067 0.1
(8.5 - 8.M
3 2,40

Kanchanaburi

8.06 0,61
(7.4 - 8.8
5 T8
LLat  Bua Kao
Lop Buri
8.65 0.35
(8.41- 8.9)
2 1,09
Nakhon Sawan
8.18 0.35
(7.8 - 8.6)
S 4.27

Khlong Khlunge

Khon Kaen

8.73 0.44
(8.3 - 9.3)
4 4.99
Chiang. Mai
Nan
8.7
1
Wet Kyun
8.65 0.21
(8.5 - 8.8)
2 2.45

Ve

¢

MALE
9.50 0.6l
(8.8 - 9.
3 0.10
8.25 0,04
(7.8 - 8.7)
2 7071
8.90 0.42
(8.6 - 9.2)
2 1.77
8.70 0.19
(8.5 - 9.
6 2.18
8.57 0.60
(8.0 - 9.2)
3 7.04
8.81 0.24
(8.5 - 9.0)
7 2.73
9.15 0.35
(8.9 - 9.4)
2 3.87
8.4
1 o
8.40 0.42
(8.1 - 8.7).
P '5.05.

9,08
(8.5
6

8.11

(7.4

8.78
(8.3
11

-0,

- 8.

|
O

RE

COMBINED

0.35

.9)

4.09

0.37

.0)

4.43

0.60

.2)
7.04

0.31

.3)

3.48

"0.35
.4)
3.86 -

0.21

.7)

2.48

0.31

.8)

3.63
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FEMALE

MALL: COMBINED F=RATTO
¥4
Myvitkvina o g
7.93 0.0 Bl 8.10 0.47 2,04
(7.5 - 8.3) = (7.5 - 8.0)
3 5.00 il 1 579
A
»
]
D
O
j
/
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Table 24 Variation in the length of the
maxillary tooth row

~
FEMALE MALE o COMBINED . F-RATIO
el
Bintan, P.
19.5 19.50 0.71 19.50  0.50 0.00
’ (19,0 - 20.0) (19.0 - 20.0)
1 ® 2 3.63 3 2.56
Batam, P. N ) » :
19.63 0.52 19.43 0.35" 19.53 0.44 0.72
(19.0 - 20.5) (19.0 - 20.0) (19.0 - 20.5)
8 2.04 7 1.78 © 15 2.26
Singapore
18.94 0.53 19.10 0.42 19.00 0.48 0.32
(18.0 - 19.5) (18.5 - 19.5) (18.0 - 19.5)
9 2.78 5 2.19 14 2.53
Pelepah, Sungei -
S 20.0 19.25 0.35 19.50 0.50 - 3.00
: (19.0 - 19.5) (19.0 - 20.0)
1 2 1.84 3 2.56 »
Aor, P. ) A Q\“:
18.85 0.92 N o
(18.2 - 19.5) -
2 4.88
\°d
Tioman, P. o
17.80 0.45 .. 18.17 - 0,29 17.94 0.42 1.56
(17.5 - 18.5) (18.0 - 18.5) (17.5 - 18.5)
» 5 2.51 3 1.59 8 2.33
Ginting Perah, Bukit R
19.5 19.25 0.35 19.33 0.29 0.33
(19.0 - 19.5) (1.0 - 19.5)
1 2 1.79 3 - 1.49
Pinang, Ko . ' C |
18.50 0.87 18.25 0.35 18.40. " Q.65 0.14
(17.0 - 19.0) (18.0 - 18.5) (17.5 - 19.8)-
3 4.68 = 2 1.94 5 3.53
Redang, P. ‘ _
" 18.00 0.71 -

(17.5 - 18.5)
2 3.93



FEMALE

Perhentian Kechil,

Langkawi, P,
18,40 0.
S0 R LD R

[ -
D -

Tarutao, P,

18.00 0:

(17.5 - 19
Maé Nam
Chbng,Ko

18.63 1

(17.0 - 19,

4 5.

Lamae Xhlong

19.00 0.
(18.5 - 19.
3 2

Zadetkvi Kvun

42
0,

7

S0
.0)

78

11

5)
95

50
5)

.63

19.25 (.35
(19.0 - 19.5)
2 1.84
Kawthaung
19.0
(19.0) -
1
Kanmaw Xyun ,
18.25 0.35
(18.0 - 18.5)
2 1.94
Tenasserim
17.5

1

MALL
P,
18.25 0.50
(18.0 - 9.0}
4 2.74
18.17 0,26
(18.0 - 18.5)
6 1.42

17.67 1.04

(16.5 - 18.5)
3 5.89
18 75 0.35
(18.5 - 19.0)
2 1.89
18.50 0.71
(18.0 - 19.0)
2 3.82

19.17 0.29
(19.0 - 19.5)
3 1.51

18.50 0.00

(18.5)

4 0.00
17.25 0.35
(17.0 - 17.5)
2 2.05
17.50 0.71
(17.0 - 18.0)

2 4.04

COMBINED
18.75 0.35
(18.5 - 19.0)
2 1.89
18.33 0.43
(18.0 - 19.0)
9 2.36
18.08 0.40
(17.5 - 19.0)
13 2.21
17.67 1.04
(16.5 - 18.5)
3 5.89
18.67 0.88
(17.0 - 19.5)
6 4.69
18.80 0.57
(18.0 - 19.5)
5 3.03
19.20 0.27
(19.0 - 19.5)
5 1.43
18.60 0.22
(18.5 - 19.0)
5 1.20
17.75 0.65
(17.0 - 18.5)
4 3.64
17.50 0.50
(17.0 - 18.0)
3 4

.04

0.02

0.09

0.00

0.00



FEMALE

Moulmein

18.00 0,00

(18.M)

1 0,00
Rangoon

» )

Chiang ﬂ:?~f\\J

17.5
’

1
Nan

18.00 0.00

(18.0)

2 0.00
Pai

17.25 0.35

(17.0 - 17.5)

2 2.05
Wet Kyun

18.0

MALL
17.75
(17.5 -
2
18.33 0.20
(18.0 - 18.5)

3 1.58

18.00 0.00
(18.0) _
3 0.00

COMBINED

17,83 0,29
(17.5 - 18.0)
3 1.62
18.25 0.35
(18.0 - 18.3)
hi - 1.04
18.13 0.48
(17.5 - I8.5)
3 2.64
3

18.00 0.00
(IS.W

2 o.yo
7.25 0.35
(17.0 - 17.5)
2 2.05
18.00 0.00
(18.0)

4 0.00

F-RATTO

6.25
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Table 25 Variation in ecach character. over
the entire sample

FEMALE MALLE COMBINED ' F-RATIO
Total length . \
341,66 18.99 345.88 '19.90 343,92  19.56.. - 3.58
(290 - 395) (290 - 394) (290 - 395)
142 ' 5.56 164 5.75 306 5.69
Tail length. . : ’
162.79 14.90 166 .52 16.35 164.78 15.77 4.45*
(133 - 200) (129 - 200) - (129 - 200) '
148 . 9.15 168 9.82 - 316 9.57
=
y Head and body length : ‘ ,
178.47 12.20 179.26 11.64 178.89 11.89 0.34
(143 - 205) (120 - 210) (120 - 210)
142 6.83 164 6.49 306 6.65
~J ‘ o
Foot length . a
42,62 2,17 ., 43.24 2.11 42.94 2.16 - 6.71%
(34 - 48) (38 - 48) . (34 - 48) <
155 5.10 160 4.87 . 315 - 5.03
Condylobasal length
46.74  1.62 47.08 1.65 46.91 1.64 3.06
(42.7 - 51.5) (42.0 - 50.0) (42.0 - 51.5) .
142 3.47 142 3.51 284 ) 3.50
Palatal length , ’
26.18 1.11 26.46 1.16 26.32 ~ 1.14 2.52
(23.8 - 29.2) . (23.7 - 28.8) (23.7 - 29.2) .
78 4.24 82 4.38 160 4.34
Cranial length ‘ -
20.16 0.72 20.40 0.64 20.28 . 0.69 5.16*
(18.6 -~ 22.4) (19.1 .- 22.1) (18.6 - 22.4)
78 3.56 82 3.17 160 3.40
" Maximum width of skull ‘ A ‘
19.09 0.64 19.06 0.50 19.07 0.57 0.17
(17.1 - 20.5) (18.0 - 20.4) (7.1 - 20.5) = .
152 3.33 148 2.60 300 2.98
" Bizygomatic width :
24 .35 1.23 24.96 1.19 24.65 - 1.25 T 18.,48**
(21.2 - 28.5) (22.0 - 28.0) (21,2 - 28.5)

© 145 5.06 145 4.77 - 290 5.06



FEMALE

Biauricular width
16.09 0.59
(14.7 - 17.7)
78 3.67

Interorbital width

13.66 0.6l
(12.2 - 15.0)
78 4.45 °

Orbital length

10.43 0.44°
(9.3 - 11.6)
78 4.23

Orbital width

10.05 0.38
(9.2 - 11.0)
78 3.79

Brain case height
14.55 0.64 -
(13.4 - 16.8)
78 4.42

MALL

16.32  0.67
(15.0 - 18.0)
80 3,03
13.96  0.66
(12.3 - 15.5)
82 4.70
10.46  0.41
9.4 - 11.6)
82 3,90
10.09  0.36
(9.3 - 11.6)
82 3.59
14.57  0.49

(13.6 - 15.8)

82 3.36

Ophisthion to Opistocranion

12.04 0.39
(11.1 - 13.1)
78 3.23

Molar row length (M1 -.MS)

8.69 0.30
(8.0 - 9.6)
76 3.43

Bimolar width (M2 -
16.12 0.54
(15.0 - 17.5)
78 3,38

Incisor width (12 -
 6.15 0.24
(.7 - 6.8)
78 3.86

Molar Tooth wa_(M1

9.56 0.38
(8.8 - 10.7)
77 3.99

12.36 0.41
(11.6 - 13.5)
82 - 3.33°

8.76 0.38

- (8.2 - 10.4)
77 4.28
-2
M™)
16.19 0.58
(14.7 - 17.4)
82 - 3.57
12)

6.44 0.29
(5.6 - 7.1) .
82 4,53

- Ms) ‘

9.54 0.33
(8.8 - 10.4)

78 3.49

COMBINED F-RATIO
16.21  0.64 4.88*
(14.7 - 18.0) :
158 3.96
13.81  0.65 8.44%*
(12.2 - 15.5)
160 4.69
10.45  0.42 0.25
(9.3 - 11.6)-
160 4.05
10.07 0.37 ..  0.56
(9.2 - 11.6)
160 - 3.68
-~
14.56  0.57 0.04
(13.4 - 16.8) |
160 3.90
12.20  0.43 25.27%*
(11.1 - 13.5)
160 3.53
8.72 0.34  .1.30
(8.0 - 10.4)
153 3.89
1615 0.56 0.66
(14.7 - 17.5)
160 3.47
. 6.30  0.30 48.67**
(5.6 - 7.1)
160 . 4.83
9.55  0.36 0.12
(8.8 - 10.7)
155 3.72
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FEMALE MALE -

Jaw length
33.54 1.25 34.01 1.29
(30.8 - 36.7) (31.1 - 37.0)
76 3.74 81. 3.79
Height of ascending ramus
13.09 0.63 13.56 0.65
(11.4 - 14.6) (11.8 - 15.2)

74 4.78 78 4.80
Height of mandibular condyle
8.44 0.48 . 8.77 0.45
(7.4 -%.6) , (7.8 - 10.0)
74 . 5.66 78 5.12

Length of maxillary tooth row
18.50 0.87 18.50. 0.77
(16.0 - 20.5) (16.0 - 20.0)
80 4.79 76 4.14

s

COMBINED

33.78 1.29
(30.8 - 37.0)
157  3.82

13.33  0.68
(11.4 - 15.2)

152 5.09
8.61 - 0.49

(7.4 - 10.Q)

152 5.10

18.50  .0.83
(16.0 - 20.5)
156 4.47

214
F-RATIO

5.45*

20.56**

18.49**

0.00

i



Table 26  Average coefficients of variation of
sites where the sample was greater
than five L—)

- CHARACTER
Total ledéth
Tail length
Body length
Foot length
Condylobasal lengfh
Pélatai length

Cranial length .

@

Maximum width of fhe skull
Bizygomatic width
Bi—auricuiar width
Interofbital_width'
Orbital length

Orbital width

Height of the brain case
Opisthion to opistocranion
Maxillary molar row iength
MaXillary~biﬁolar width
Maxilla;y incisor width
Mandibular molar tooth row

Jaw length

Height of the ascending ramus .
Height of the mandibular condyle.

Length of maxillary tooth fow

2.37

2.62

2.97

'3.27

2.85

2.52

1.80

3.24

2.53

1.52

2.42

3.14

1.61
2.84

5.61

MALE

4.61
3.92
1.91
2.62

2.17

- 2.71

2.23

3.14

- 3.11

4.14

2.96

2.05

3.24

2.85

1.80

COMBINED
3.65
5.35
4.57
3.82
2.09
2.33
2.66
2.25
3.46.
2.95
3.57
2. 40.
2.37
2.78
2.97
2.39
2.47
3.86
2.76
2.45
4.74
5.19

2.56
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Table 27  Results of the F - test for . 216
sexual dimorphism ’

" Dashes (-) indicate a non-significant test result; "x" indicates a significant
test result; 'x' indicates a significant test result with no qualifications
(refer to discussion in the text for information on the nature o' ynualifications
which are attached to specific test results).

C h a r a ¢c t o r *

Site 1234567891011 121314151617 18 1% 20 21 22 23
Binfan, Pulau - - - - .-
Batam, P. - - - - - - - . . _ _
Singapore =000 = - - - ¢ - - - - X - o = = X = 4 =4 "= % x - -
Pelipah, Sungei - - - - - - _
Endau, Sungei - - - e - - - - - - e - 4 - - 4 x - x - -
Tioman, P. } R S .

Ginting Perah - - - - - -
Bucki Besi B S s
Dungun, T&njong - - - e - e - - - - e - - -
Pinang, P. - - - -

Langkawi, P. X - - - - - X-=- = = = = = - X - = - - = x
Tarutao, Ko = - - - - - - - X x

Trang , - x - -

Mae Nam ! - -

Si Chon N e
Chong, Ko R !/ - - -
Lamae, khlong = - - - - - - -

Zadetkyi Kyun = - - - - - - -

Kawthaung - - - - - -

. Tao, Ko - X~ X - = X = = X *« = = = = = -
Wet Kyun it T R R
Kanmaw Kyun - - e - - - -

- Lak, Ko - x - -

Tenasserim - .

Prachuap Khiri Khan - - - - - ~ - - - - - - . o4 4o - a -

Trat ) - - -

Nong Kho, Khlong = - - - - - - - - - - - -

Pak Tho T e e e e e e = T T T T

Bangkok . ’

Kﬁnchanaburi R T T T T S T T

Nakhon Ratchisma - .- - L ~

Ubon Ratchathani - - - - i

Nakhon Sawan L e o - - x - x

I%
t
]
)
1

Khon Kaenn™ ™ @ e = = o m o m - - - - - - .

[ Ix

Myitkyina ) St

)%
bad
Ix
)
]
)
Ix
)
]
Ix
1
bod
%
1%
]

Entire sample - X - x - - xl_

. -
Mumber corresponds to list on page of the text.
. v .



