CHAPTER 4
RESULTS

The hees collected in 12 regions of Thailand and Mélaysian
Peninsula could be clustered morphometrically 1into 3 groups. The
groups were bhiologically representative of thg separated geographic
areas. Each ¢groups can be named according to its distribution: as
nérthern lattitude bee, southern lattitude bee and Samui Island bee.
The results were recorded in +two phasest: the sanalysis on each
character to find the differences w{thin 12 regions, and the

multivariate analysis simultaneous using every characters in finding

the groups of the bees.

4,1 Characters Analysis

The analysis was conducted on 127 samples from 12 regions.
Each of 58 characters was tested by +two different statistical
procedures, namely F-test and means comparison (Student-Newman-Keuls

multiple range test) within 12 regions.

40 ] 01 F-test

'

F-value of each chéracters at degree of freedom llland
115 were examined at significant level P<0.01 and P<0.05 as shown in
table 3, 4 and 5, The -differences were apparent when means of even
only two regions were‘significantly different. The analysis was done

on means of each character within 12 regions.
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F-test on 22 characters of fore and hind wing within 12
regions showed that 16 characters were highly significantly different
{P<0.01), cubital index' and angle 33 were significantly different
(P<0.05) and foreée wing index, angle 36, 38 and 20 were nonsignificantly
different (P>0.05) (table 3).

F-test on 6 characters of hind leg within 12 regions
showed that 5 characters were highly significantly different (P<Q.01) g
and basitarsus length waé nonsignificantly different (P>0.05)
(table 4).

F-£est on 12 characters of mouthparts within 12 regions
showed that all of them were highly significanply different (P<0.01)
(table 4).,

F-test on 5 characters of sternite 3 within 12 regions
showed that 4 of them were highly significantly different (P<0.01) and
~ wax mirror index was nonsignificantiy different (P>0.05) (table 5).

F-test on sternite 6 within 12 regions showed that the
longitudinal and transversal lengths were highly significantly different
(P<0.01) (table 5).

~F-test on 8 characters of iérgites 3 and 4 showed that
the width of tergite 3, 4 and the summation of the width of tergite 3
and tergite 4 were highly significantly different (P< 0.01). The width
of tomentum A (light band with hair on tergite 4) and tomentum B (dark
band on tergite 4)lweré highly significantly different (P<0.01). The
pigmentation of tergite 2 was highly signiffcahtly different (P<0.01).
The pigmentation of tergite 3 and 4 were,siénificantly different
(P{0.0S) (table 5). ‘
Piémentation of sclerite 5§, K were highly s{gnificantly

different (P<0.01) and pigmentation of sclerite B was significantly
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different (P<0.05) (table 5).

4,1.2 Student-Newman-Keuls (S-N-K) Multiple Range Test

S-N-K muliiple range test was done on means of 58
‘characters among 12 regions (alpha =+*0.05). The results are shown in
table 3, 4 and 5.

By comparing means of 58 characters, it was fouﬁd that
the bees can bhe grouped by the body size a$d wing venation angles into
three ¢roups. The bees from regions 0, 1, 2, 3, 5, 6 constituted a
group that will be called +the northern lattitude bee. The bees
from region 7, 9, C, M, S constituted another group that will be
called the southern lattitude -bee. The last and smallest group was
the . bee froﬁ region 8  (Samui Island) that will be called Samui
Island bee.

Length and width of. fore wing and hind wing showéd
greater sized wings in the northern lattitude bee than in the‘southern
lattitude bee. The wing size of the Samui Island bee was found to be
in between the two groups (tahle 3). The fore wing index which is the
result from the fore wing length divided by fore wing width, showed no
significant difference within 12 regions. The hind wing index showed
significant difference between the region 5 and M, C,.Q, 8. However,
most of them are greatly overlapping (table 3).

Comparison of cubital inde# means within each region
showed no significant difference. It was indicated that the proportion
- of +the ocubital vein a and b amoﬁg each region were quite similar
(table 3).

The number of hamuli was significantly ¢greater in
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northern lattitude bee than in the southern lattitude bee but similar
in the Samui Island bee and the northern lattitude bee (table 3).

Means of angle 28 was significantly greater in northern
lattitude bee. That of the Samui Island bee was interme@iate (table 3).

Mgans of angle 30 and angle 32 were greater in northern
lattitude bee. Most of them are not significantly different. Means of
the Samui Island bee was intermediate (table 3).

Means of angle 31 and angle 33 were greater in southern
lattitude bee. Ho;ever, most of them were not significantly different.
ﬁeaﬁs of the Samui Island bee was alsoc intermediate. Most of means of
angle 34, 35 and 36 within 12 regions were not significantly different
(table 3).

Angle 39 showed greater means in the southern lattitude
bee than +the mnorthern lattitude hee aﬁd Samui Island bee, but also
showed the wide range of overlapping (table 3).

Angle 40, 42 and 43 showed significant difference
between +the sample from Samui Island bee (region 8) and that from the
other redions (table 3).

The length of tibia, femur, basitarsus and phe width of
basitarsus were greater in the northern lattitude bee than in the
sout.hern 1att§tude bee while the Samui Island bee had very small tibia
and femur but very large basitarsus (table 4).

Leg length <(the combination of +tibia, femur and
basitarsus length) of the northern lattitude bee was 1on§er than that
of the southern lattitude bee (table 4).

The postmentum of the southern lattitude bee was greater
than ﬁhat of the northern lattitude bee. The smallest one belonged to

the Samui Island bee. The greatest means was found in the bee from
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region § (table 4).

The ¢glossa of the bee from region 8, 7, 9 were smaller
than those of the bees from the other regions, The greatest means was
found in the bee from region § (table 4).

Tongue length (the combination of postmentum and glossa
showed +the ¢greatest means in the bee from region S and the smallest
means from region 7, 8, 9 (table 4).

Measurements on proximal segment of labial palpi in the
bee of the southern lattitude were greater in region S andilesser in
redgion 8, 7. That of the bees of the region C, M and the other hee
were intermediate. ' Measurements on distal segment of labial palpi in
the bee of the southern lattitude were greater in region S and lesser
in region 7, M, 9, C while the others were intermediate. The labial
palpi of the bees in region 5 significantly longer than those of the
closer area and longest of all the bees in this sﬂudy. The labial
palpi length of the: Samui—Island-—bee ~was closed to those of the
northern lattitude bée (table 4). The labial palpi index (proximal
segment divided by distal segment) were higher in southern lattitude
bee and Samui Island bee, but lowest in region 7 bee (table 4).

The length of sternite 3, wax mirror and the width of
wax mirror were greater in +the northern lattitude bee than in the
southern lattitude and Samui Island bee (table 5).

The distance between wax mirra} were not significantly
&ifferent but showed tendency of ¢greater distance in southern
lattitude bee. The shortest distance belonged to the Samui Island
bee (table 5).

Means of wax mirror index comparing among each region '

showed mno significant difference among them. This implied that the
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shape of the wax mirror plate were similar in bees from every regions

(table 5J).

The width of tergite 3 and 4 were significantly
differen? between region 5 which had the largest means and region 7,
the smallest one. Most of the southern lattitude bee had the lower
means except for the bee from region S (table 5).

The width of +tomentum A and B were significantly
different between the bee in region 5 and 7, 9. '~ Means of tomentum A
were greater in region 5 and lower in region 7 and 9, contrast to the
means of tomentum B which was lower in region 5 and greater in region
7 and 9 {(table 53.

The bee of region 7 had the smallest size of sternite &
as it had +he shortest length in longitudinal and transversal plane
(table 5).

There were no significant differences within the regions
in pigmentation of tergite 2, 3 and 4 but there were significant
differences in pigmentation of the scutellums. The means of
pigmentation écores " of cupola (PIGS) was greater in region 3 and 8
while lower in region ! and S. The means of pigmenpation scores of the
metanotum, the small sclerites at the base of the scutellum (PIGB) and
the +triangular lateral segment -of the mesonotum (PIGK) showed the

greatest value in fegion 8 and lowest region S and M (table 5).

4,1.3 Correlations between body size and appendages

The correlation between the bee body size and ité
appendage lengths were plotted in order to find their relatioinships

of Lhe characters. Body size characters were represented by sternite 3
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length and tergite 3 + 4, appendages were represented by fore wing
length, hind wing length and hind leg length. The correlation
coefficient showed that body size and appendages were highly correlated

(Table 6 , Figure 20-25 ).

4,2 Grouping Analysis

Grouping analysis were conducted by two different multivariate
analysis procedures, ‘namely discriminant analysis and clustering

analysis, in Statistics Analyzing Softwarev(SAS).

4.2,1 Discriminant Analysis

Discriminant analysis used in Lhis study is the canonical
discriminant analysis performed by CANDISC procedure in SAS,. Canonical
discriminant analysis was conducted on 127 samples of ﬁ. cerana which
were divided 12 groups geographically. The scétter plots showed that
the bees were discriminated into three groups. The results
of disecriminant analysis, confirmed by S—N—K multiple range test,
showed that the three groups of bees were the same. Hence, the three
groups of the bees ffom discriminant analysis will be named as northern
lattitude bee, southern lattitude bee and Samui Island bee.‘

Northern lattitude bee represented the bees from region
aumBer - 0, 1y 24 8, b dand 6, This ranged from Northern Thailand to
Central Thailand.

Southern laltitude bee represented the bees from region

number 7, 9, C, M and S. This ranged from Chumporn, the province in
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the upper part of Southern Thailand to Johor, the province in the
Southern part of Malaysian Peninsula.

Samui Island bee represented the bees from region 8,
Samui Island in the southern part of Thailand.

The scatterdrams of canonical discriminant analysis were
plotted between canonical discriminmant function 1 (CAN1) and canonical
discriminant function 2 (CAN2). The first‘run of CANDISC procedure
on 52 characters - -resulted in three discriminated groups. The second
run was done on 46 characters. Pigmentation of tergite 2, 3, 4,
cupola_ CPIGS ) mesonotum: the small sclerites at the base of the
scutelluﬁ (PIGB) and the Lriangular lateral segment of the mesonotum
(PIGK) were excluded from the analysis in the second run with the
attempt +to. use only tLhle /structural characters. The result was the
same as the first run. The third run was done on 44 characters in
which postmentum and glo;éa were excluded because the distribution
of postmentum showed & bimodality caused by the the irregular shape
formed during slide mounting., Some of postmentums were bent or broken
making digitizing difficult. The distribution of glossa was not in the
normal curve because some of them contracted or protracted. .

Mahalanobis' distance among 13 regions confirmed the
discriminant analysis. The distances between +the bee in the same
discriminant group were shorter than the distances between the bee in
~different groups. Region 4 showed great distances from the other
regions but was not raised as a different group because it consisted of
only one colony from Ubonratchathani. To elimjnate the confusion that
might occur, this‘colony was deleted from the analysis as it was an
ouglier. The Samui Island bee showed great distanées from the northern

and.southern lattitude bee confirming its isolation (table 7).

.
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4,2.,2 Clustering Analysis

Clustering analysis was done to arrange the group for
129 samples with unknown groups. All samples were run by the FASTCLUS

procedure in SAS which was provided for running many samples (N>100).

The' same sets of characters (52, 46, and 44 characters) as in
discriminant analysis were used. The amount of cluster were 3, 4 and
5 From the analysis, the samples were members of two separated

groups, northern and southerm lattitude. The northern lattitude group
consisted of the bee from region 0, 1, 2, 3, 5 and 6. The members 0?
Lhe southern lattitude group were from region 7, 8, 9, C, M and S.
The Samui Ilsland bee was included with the southerm lattitude group.

From tables 8, 9 and 10, the samples were put into three
clusters A, B :@and C. Most»northern lattitude bees were members of
*cluster A while most southefn lattitude bees were in cluster B. Cluster
C consisted of 6 samples in table 8 and only one sample {KSOOI)il in
tables 9 and 10, |

From tébles 11, 12 and 13 the samples were put into four
clusters A, B, C and D. Most northern lattitude bees were members of
cluster A and most of the southern latti£udevbees were in cluster B.
Cluster C consisted of 6 samples in table 11 and 2 samples in table
12 and none in table 13. Cluster D consisted of only one sample (KBOOI)
in tables 11, 12 and 13.

‘ From tables 14, 15 and 16, the sampies were put into
five clusters A, B, C,.D and E. In table 14, most northern lattitude
bees were members of cluster A and ﬁost southern lattitude bees wére
in clusters B and C. Cluster D consisted of 5 samples and only omne

sample (K3001) was in cluster E. In table 15 most northern lattitude
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bees were in cluster A while most southern lattitude bees were in
clusters B and C. ‘CIustePs D and E consisted of one sample each.
In table 16, most northern lattitude bees were in clusters A and C,
and most southern lattitude bees were in cluster B. Clusters D and
E consisted df one sample each.

% K3001 was the sample from region 5 and formed a unique

cluster.



Table 3 Analysis of variance on wing characters among 12 redions of

Apis cerana in Thailand and Malaysian Peninsula

Variable Characters F-Value  Highest means % s.d. Lowest means & 5.d. SNK-test among 12 regions
FNLN fore wing length 10,7488 7.8653 £ 0.0936 7.4999 £ 0.0984 0 2 5 l 3 6C89S K‘ g
FNHD fore wing width 8,521 2,7398 £ 0.0475 2.6081 £0,0338 0 5 L 2 3 6 8 C 95 K7
HWLN hind wing length 9,134 3.736b ¢ 0,0600 3.4992 0,059 0. .2 5 1 3 6B C 9 SN

e
HWND hind wing width 8.298¢ 1.5440 ¢ 0,0434 1.4385 60,0352 § 1 0 2 3 6 8C 8 9 7 M
CUBINDEX cu'Mtll index 1924 4.2207 & 0.3227 3.508 40,4862 B8 9 0 1 2 5 M 5 7 & C 3
FNINDEX  fore wing index {.64ns 2,8947 & 0.0160 28552 0,0450 9 C M S 6 7 0 2 85 3 1
HWINDEX  hind wing index 4,748 2.4905 ¢ 0,0177 2,3984 £ 0,050 N C 9 8 8 0 7 3 2 6 13
HAMY hanuli 6.27%1 17,8118 & 0.7467 16,1000 40,6124 2 3 0 6 8 5 1L 9 7 C S M
AN29 angle 29 11,8488 33,8779 & 0.6197 30,7484 £ 11339 7.9 M C S 3 8 1 6 2 3 0
AN3O angle 30 4,2960 10,5905 ¢ 2,1380 - 1059746 4 14432 3 0 2 b6 1 3 C B S 7 9 M
AN3L angle 31 5,588 98,6719 £ 1.5922 94,4768 £ 1,5098 C M 7 9 3 88 0 3 1 2 &
ANS2 angle 32 4,158 21,4984 ¢ 0,599 19.8725 40,5666 5 6 C 0 1 3 8 2 8. 7 9 K
AN33 angle 33 2,108 90,9624 & 2,0578 8709698 + 2,2588 4 S 7 C 2 & B 5 1 9 0 3
ANSA angle 34 3,698 51,8027 & 1.6239 7.43241,%9 H 7 1 9 8 b6 C 8 2 3 30
AN3S angle 3% 24688 32.726b & 3‘.42(;6 27,4927 2 1,849 5 M 7 1 C 5 2 9 0 b 8 3
AN3b angle 36 1.1éns 68.0&36 11,3482 65,0937 41,7861 3 0 3 1 b6 5 C 8 7 2 S M
AN38 angle 38 1.57ns 99.8120 &+ 1.0656 97,3594 £ 1.4885 N 0 9 8 C 1 3 2 5 7 & §
AN39 angle 39 3.2688 38,7747 ¢ 1.2393 36233 L0604 - 1.9 8 C 0 S B L b2 O3
AN4O angle 40 3.1088 35,1610 & 1,0434 302755 + 1.4435 8 9 0 6 2 S C Lt 5 K 73
AN42 angle 42 12,1088 112,5581  0.6341 107.1949 £ 1,2045 8 9 8 0 H 3 7 6 1 C 2 3§
AN43 angle 43 ;.73“ 76,6791 & 1.2294 73.1926 £ 0.8658 2 M 6 5 0 I 3 5 9 7 C 8
AN20 angle 29 1.44ns 14,6786 £ 0.7170 13.8200 ¢ 0.5295. 9 &7 550 4 3.1 620

significant level : %% P<0,01, % P<0,05, ns P>0,05 (nonsignificant)

1t regions in the same range are not significantly different (alpha=0.05)



Table 4 Analysis of variance on mouthpart and hind leg¢ characters among 12 regions

of Apis cerans in Thailand and Malaysian Peninsuls

Variable Characters F-Value  Highest neans # s.d. Lowest means & s.d. SNK-test among 12 regions
TBLN tl_bh length 6.35588 2,8264 + 0,0411 2.71723_6.0370 2.0 3 6 31 CS8S9NB 7
FELN feaur length B.328¢ 2,2359 & 0,0320 21463 £0,0271 2 0 5 3 61 C S 9 H 7B
TRLN basitarsus length 1.76ns 1.7212 ¢ 0.0130 16996 £ 00206 8 2 3 0 5 1 & M 8§ 9 C 7
TRHD basitarsus width - 1.3600 0.9718 £ 0.0179 0,916 60,0088 2 8 3 5 b6 0 1 M9 S 7C
e i
LEG hind leg length 4.921¢ 6.7717 £ 0.0928 6.54163_0.092.8 205 3 6 1 8C 80 9MN7
TRINDEX basitarsus index 6.3518 1.8345 £ 0.0122 17542200224 C 8 7 9 4 8 1 0 2 3 5 &
POST postaentua 16,508 0.2650 £ 0,0029 0.1594 £ 0,004 5 M 5 7 9 C 6 2.1 0 _3_ 8
6LOS gloossa + mentun 12,0088 4.2575 ¢ 0.1901 3. 06582 0,0998 5§ 5 6 W C 21 0 3879
TONGUE tongue length 12,0018 4.5225 ¢ 0.1890 : J.408940.1019 5 5 6 M C 21 0 3879
LPSEG left proxinal segment 6.771% 1;1426: 0.0506 1,085+ 00170 8 80 5 1 6 M 23 C9 7
LDSEB left distal segnent 7.9411 0.4365 + 0,0245 0.4009 £ 00073 5 & 5 0 1 823 7 M9 C
RPSEG right proximal segment 7.6348 1.1610 + 0.0511 1,0367 £ 0,0208 S 8 0 5 M | & 2 3 ¢ _9_7
RDSEG right distal seqment 9.071¢ 0.4350 + 0.0242 0,3981 £+ 00013 8 5 6 2 0 1 3 87 K9 C
LPALP left labial palpi 8.7411 1.5791 # 0,0737 [,4510 £ 00317 S 8 0 5 6 1 2 M3 C 9 7
RPALP right labial palpi 8,761 1.3960 + 0.0721 1,4493 £ 0,0322 8 85 0 6 1 2 3 M C 9 7
LPINDEX left labial palpi index 3,764 2.6767 £ 0,0414 2,524 ¢ 0.0841 C H B S 9 0 1 25 3 67
RPINDEX right labial palpi index 6.7188 2,7086 + 0.0412 25185600814 8 C X S 901 6 25 3 -7
PINDEX labial palpi index 5.7488 2,6911 ¢+ 0,0479 2,525 £ 0,084 C B H 8 9 01 2 5 3 &7

significant level 1

regions in the same

*% P<0.,0%, * PéU.D5, ns P>0,05 (nonsignificant)

range 8re not significantly different (alpha=0,05)



Teble 5 Analysis of variance on sternite and tergite characters among 12 regions

of Apis cerana in Thailand and Malaysian Peninsula

Variable Characters F-Value  Highest means # s.d. » Lowest means t s.d. SNK-test among 12 regions

STLN sternite 3 length 10,198t 2.2590 + 0.0460 2,255 £ 0,041 5 2 0 3 L 6 S C 8 M 9 7
WILN wax mirror length 5.931¢ 0.8992 £ 0,0087 0,8234 & 0.0083 . 32 01 C 3 60 B § 9 7
NXHDA wax airror width 11,4818 1.8657 & 0.0282 L7327 0,021~ 0 8 2 1 6 3 8 C 8-9:8 7
WXWDR distance between wax mirror  2.9841 0,3202 £ 0,0264 0,2626 £.0.0086 S5 9 C 7 M 5 2 6 1 3 '9 8
WXINDEX nax mirror index 2.14 0.4905 £ 0,0042 0.4722 £ 00137 3 C 2 1 5 8B 0 9 M. &6 7 35
TER3 tergite 3 width 2.72%8 1.7206 & 0.0408 1.6583 ¢ 00096 5 8 2 0 1 6 3 M 9 B C 7
TERA tergite 4 width 5,728 1,7059 £ 0.0388 1.6192 60,0234 5 2 | 0 § 6 3 H 8 9 C 7
TERI A tergite 3 + 4 4,171 3.4266 & 0.0787 327156 0,0011 5 2 5 0 1 6 3 M B 9 C T
TOMA tomentun A 9.0814 0.2242 & 0.0409 0,127 90,0178 3 3 0 2 1 B C b6 8 M 7 9
TOMB tosentun B 5.9211 0.9206 + 0,0341 0.8009 £ 00467 9 M 7 S B 620C 1 3 35
ST6L sternite 6 longitudinal 8.05%¢ 2.0766 £ 0.0485 1,9625 £ 0.0365 5 2 0 .1 3.b. 8 K 8% 7
8767 sternite & transversal 4.3918 2.4724 10,0473 2,339 £ 0,049 2 0 5 b C 1 W 3 58 % B 7
P162 pignentation of tergite 2 2.80t¢ 7.3889 & 0.5014 6.9600 £ 0,1265 2 0 5 C 3 6 7 B 9 8 M 1|
PI63 pigmentation c;f tergite 3 2.09% 7.2778 £ 0.4509 7.0000 & 0 2031346789 ¢EC M S
PIGH pig‘unt;tion of tergite 4 1,948 7.2211 + 0.4158 7.0000 + 0 OV 1 W Ut R R R A
P16S pignentation of sclerite § 2,781 7.0200 + 0,0837 BAB0D £ 1,397 © 3-8 7.5 0. 2.C & 9. H 1 6§
PIGK pignentation of sclerite K 3.1 3.6600 £ 0.2608 1.4800 £ 1,1054 : 8.3 768 0 2-8 9 L' 88
P16B pigentation of sclerite B 2,218 2.3200 + 0.4550 O.7800.£0.3834 B 3 7 &5 9-2. 0.1 €. 5 N

significant level 5 %% P<0,01, % P<0,05, ns P>0.05 (nonsignificant)

1+ regions in the same range are not significantly different (alpha=0.05)
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TARLE 6 GCORRELATION COEFFICIENTS BETWEEN BODY SI1ZE CHARACTERS AND

APPENDAGE CHARACTERS OF APIS CERANA IN THAILAND AND MALAYSTAN

PENIMSULA (N=12%)

FORE WING HIND WING HIND LEG
LENGTH LENGTH LENGTH
TERGITE 3 + 4 0.71629 » 0.67562 0.75422

STERNITE 3 LENGTH 0.81547 0.78397 0.80606
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TABLE 7 MAHALANOBIS' DISTANCE AMONG 13 REGIONS OF A. CERANA FRON THAILAND & MALAYSIAN PENINSULA

From
REGIDN

U XY 000~ O ot Bl N e

From
REGION

L) K I 0O O n Bl N e O

0

0
20.,09045
16.82378
39.03247

127.27779
31.49312
33.47108

153.48529

197.33014

136.67497

124,36961

14281234

172.56904

C

124,36961
100.52440
131.63638
155.05087
236.6716b
117.61704
13173583
129.81b66
307.94683
123.77319

0
125,73523

129.30374 -

DISCRIMINANT ANALYSIS

Squared Distance to REGION

Squared Distance to REBION

2 & =
D (ilj) = (X -
i ]
1 2 3 4
20.09045 14.82378 39.03247 127.27779
0 14.79558 42,09004 127.52086
14,79558 0 32.51385  98.52942
42.09004  32,51385 0 149.46997
127.62086 98.52942 149.44997 ]
19.97830 24.47433  61.85336 133,09139
15,88420 13.42521 49.10929 117.44577
109,28519 129,57472 150,28178 224,22037
184,52021 197.31893 198.74435 262.26593
115,17174 - 123,58480 159,52564 199,03708
100,52440 131,63638 155.05087 236.b67164
100,15563 117,58557 151.58772 201.85419
124.46004 147.06147 169.85851 275.0270%
M S
142.81231 172.36904
100, 15563 124,45004
117.583857 14706147
151.58772 169.85851
201.85419 275.02703
133, 73311 145,25098
94.82874 118,78114
78.72539 - 101.44305
219.17632 282,16899
80,18059 132.91910
125.73525 129.30374
0 69.25922
$9.25922 0

!

Yy (x-x)
; H

3

31.49312
19.97830
2447433
561.85336
133.09139
0

25,18703

156,94322
238,96257
162.40043
117.64701
133.73311
145.25098

b

33.47108
15.88420
13.42521
49.10929
117.46377
25.18703

0.

124,39306
176.70139
127.00413
131.73583

96 .82874
118.78114

PAIRWISE SQUARED DISTANCES BETWEEN GROUPS

7

153.48529
109.28549
129.57672
150.28178
224.22037
156.94322
124,39306
0
234,18207
33.58255
129.81666
78.72539
101.44303

197.33014
184,52021
197.31893
198.74435
262.26595
238.96257
176,70159
25418207

0
236.78223
307.94683
219.17632
28216899

b4

9

136.67497
115.17174
123.68480
159.52564
199.03708
162.40045
127.00413
33.58255
236,78223
0
123.77319
80,1805
132,91910
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TARLE 8 CLUSTERING ANALYSIS OF APIS CERANA IN THATLAND AND MALAYSIAN PENINSULA

REGION

ALL LINEAR COMBINATIONS OF VARIABLE5S EXCLUDED

MAXIMUM CLUSTERS = 3

CLUSTER A ' CLUSTER B CLUSTER C

0BS, % ‘ 0B5, % 0BS. %
12 63,2 3 15.8 4 21,0
9 50,0 5 ¢ 5040 @ =
15 83.3 2 111 i 5.6
4 80.0 1 20,0 = =
24 92.3 ! 3.8 ! 3.8
13 65.0 | ¥4 35.0 = =
= 5 100.0 = =
1 20,0 4 80.0 ~ &
= = 5 100.0 = =
= = 5 100.,0 = =
= = 5 100.0 = .-
2 40,0 . 3 60,0 = =
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TABLE 9 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN FENINSULA
ALL LINEAR COMBINATION OF VARIABLES AND PIGMENT VARIABLES EXCLUDED

MAXIMUM CLUSTERS = 3

CLUSTER A CLUSTER B CLUSTER C
REGION 0BS, % 0BS. % oS, %
0 16 84,2 3 5.8 . -
] 5 50,0 § °  &0.0 . .
2 15 83,3 3 6.7 . -
3 4 80.0 i 20,0 . - s
5 22 84,6 3 11,5 1 3.8
6 12 60,0 8 40,0 . .
7 - 4 5 100.0 - -
8 S i gk 5 100,0 - 3
9 - i 5% 100,0 4 .
g Wi 5 100.0 e .
W ' 4 = 5 100.0 , - ¥

s 2 40,0 -y 60,0 = =
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TABLE 10 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA

REGION

0

wn

ALL LINEAR COMBINATION OF VARIABLES, PIGMENT VARIABLES, POSTMENTUM AND

GLOSSA EXCLUDED

MAXIMUM CLUSTERS

CLUSTER A

0BS, %

16 84,2
5 50,0
15 83.3
4 80,0
22 84,6
12 - 60,0
B

3

40.0

CLUSTER B

100.0

80.0
]00.6
100.0
100.0

60,0
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TABLE 11 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA

REGION

0

1

w)

ALL LINEAR COMBINATION OF VARIABLES EXCLUDED

A MAXIMUM CLUSTERS

CLUSTER A

0BS. %
12 63.2
5 50,0
15 83,3
4 80.0
21 80.8
13 65,0
1 20,0

40,0

CLUSTER B
0BS., %
3 15.8
5 50.0
2 1.1
i 20,0
3 21.3
7 35,0
5 100.0
4 80.0
5 100.0
5 100, 0
b 100.0
3 60.0

CLUSTER C
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TABLE 12 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA
ALL LINEAR COMBINATION OF VARIABLES AND PIGMENT VARIABLES EXCLUDED

MAXIMUM CLUSTERS = 4

CLUSTER A CLUSTER B CLUSTER C CLUSTER D
REGION 0BS., % . 0BS, % 0BS. % 0BS. %
0 16 84,2 3 15,8 . - ; .
1 5 50,0 5 50,0 . " 2 a
2 15 88.3 3 16,7 . B e ;
3 s 80,0 NCLYS 5 " aut X
5 23 88,5 2 7. % . & 1 3.8
6 13 65.0 7/// 350 2 3 } a
7. B - 5. 100,0 - = & i
8 BN N 4 80.0 2 5 i 3
9 s = 5 . 100,0 - - - “
g - - § 100.0 . 2 L "
M - - === 3 g . _

5 = = e 60.0 2 40,0 ® o
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TABLE 13 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA
ALL LINEAR COMBINATION OF VARIABLES, PIGMENT VARIABLES POSTMENTUM AND
GLOSSA EXCLUDED

FASTCLUS PROCEDURE MAXCLUSTERS = 4

CLUSTER A , CLUSTER B CLUSTER C CLUSTER D

REGION 0BS, % 0BS., % 0BS. - % 0BS., %
0 16 84.2 3 15,8 - - = %
! 5 50,0 5 50,0 - - 2 _
2 15 83,3 3 16,7 - = " =
3 4 0.0 i 20.0 i - - g

5 22 84.6 3 11,5 - - 1 3.9
6 1% ..+ 500 8 40,0 - = = -
7 ~ - 5 .°100,0 - = ” v
8 o - 5  100,0 o - "
9 i - 5 100.0 - s : & =
c - - 5 100.0 " - - s
M - - 5 100.0 e - . R

142
[y

40,0 3 60,0 # = = =



TABLE 14

REGION

L% ]
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CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA
ALL LINEAR COMBINATION OF VARIABLES EXCLUDEb

MAXIMUM CLUSTERS = 5

CLUSTER A CLUSTER B CLUSTER C CLUSTER D CLUSTER E

0BS, % 0BS, % 0BS, % 0BS. % 0BS. %
1 57,9 5 .. 219 - - 4 21,0 o "
5 50,0 5 50,0 - . , " - .
15 83.3 3 16,7 - - - - = -
2 40,0 3 60,0 - - - ’ e *
21 80.8 3 11,5 - 5 1 3.8 1 3
12 60,0 8 40,0 - - - . " -
- - 1 20.0 4 80,0 T o e -
- - 5 1000 - - & - -
- - a 60,0 2 40.0 - - ¥ i
- o 5  100.0 - = e % “ :

- - 3 60,0 2 40.0 - - - -

2 40.0 2 40,0 1 20.0 = % =



72

¢ TABLE 15 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA

ALL LINEAR COMBINATION OF VARIABLES AND PIGMENT VARIABLES EXCLUDED

MAXIMUM CLUSTERS = §

CLUSTER A CLUSTER B CLUSTER C CLUSTER D CLUSTER E
REGION oBS, . % 0B5. % 0BS. % 0BS. % 0BS., %
0. 16 84,2 a  15.8 2 - " - _ =
| 5 50,0 5 50,0 - - - " B =
2 15 83,3 3 16,7 - “ 3 ’ i} .
3 2 40,0 3 60.0 A - A . &
... 5 21 80.8 4 15,4 = . = 1 3
6 11 55,0 9 45.0 Q -- - " & :
7 - - — - 5 100,0 w £ B - -
8 - - 5 100,0 =\ - - - = -
9 - - v /] 208 4 80,0 > . - 2
C - - - 5 100,0 + - . 2
. M - - == 3 60,0 . ! - -
5 - - 2 40.0 %80, 0 8. aDb - -
,\‘
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TABLE 16 CLUSTERING ANALYSIS OF APIS CERANA IN THAILAND AND MALAYSIAN PENINSULA

REGION

0

I

GLOSSA EXCLUDED

MAXIMUM CLUSTERS = 5

CLUSTER A

0BS5S, %
12 63.2
4 40,0
8 44,4
4 80.0
17 65,4
12 60,0
! 20,0

CLUSTER B
0BS, X
1 5.2
3 30.0
1 N\
4 20,0
5  100.0
4  80.0
5 100.0
5 100.0
5 100.0
3 60.0

CLUSTER C

0BS. %
6 31.6
3 30.0
8 50‘0
1 20.0
g 30.8
4 20,0

CLUSTER D

%

40,0

CLUSTER

0BS.

. ALL LINEAR COMBINATION OF VARIABLES, PIGMENT VARIABLES, POSTMENTUM AND
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