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Electron-Morphometric Classification of the Native Honevbees from Korea*
Part 1. Discriminant Analysis for Different Populations Based on the Total Characters
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In the present investigation, some multivariate discriminant analyses were done for each popu-
lation of the native honeybee workers ( Apis cerana), which were selected for 15 dilferent local-
ities in spring and 16 in summer from Korea. When the comparison ol balh seasons for differ-
ent populations and regardless of seasons were conducied, all the classification results revealed
that the differences were significantly prominent. And the length of fore tibia (FTL)} was the
the best contributed character among the 47 morphometric characters used in Lhe analysis,
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Fig. 1. Collecied localities for the morphometric
analysis of Apis cerana (for caption, see table 1).
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Table 1. Data for specimens used in the morphemetric analysis of Apis cerana [LOMN: locality No., SLN: sublocality
No., PON: population Na., SEN: season(No.l: spring, 2! summer), IND: number of individuals]

LON SLN PON SEN [IND DATA & LOCALITY
1 1 1 1 20 Waynsan, 14, v, 1990 Kuwinm, Kayamydn, Hapch'sn'gun, KySngnam
2 1 20 diito ditlo
3 1 20 diita ditto
2 2 4 1 20 P'mlgengsan, 15, vV, 1990 Kasandong, Kasanmyin, Chiigokkun, Ky&ngbuk
b 1 20 ito ditto
5 1 a0 ditto ditio
7 1 ] ditta ditlo
] 1 20 diito ditto
] 1 20 ditro ditlo
3 3 10 1 20 Schaeksan, 16, ¥, 1990 Paedmni, Sunhiingmyan, Y 3ngp'ungeun, Kydugbuk
11 1 20 ditta ditto
12 1 20 ditto diita
4 4 13 1 30 T'mebasksan, 16, ¥, 1930 Sododeng, T'acbaekshi, Kangwin
14 1 20 ditin diito
15 1 20 ditto diita
5 5 16 1 20 Chinsan, 19, v, 1980 Ch'usbngdong, Mach'énmyon, Hamyanggun, Kyngnam
17 1 a0 ditio ditilo
18 1 20 dilio ditin
§ 19 1 20 dilio Samytingn, Mach'dnmyan, Hamyanggun, KyGngnam
20 1 20 dilto ditlu
a1 1 20 ditio ditin
7 2z 1 20 diltn Simwiinm, Sandongmyiin, Nemwon'gun, Chanbuk
23 1 20 dilte dilia
24 1 20 dilio ditio
] 25 1 20 diltn Naedongni, T'ojimyfin, Kuraegun, Chénnam
26 1 20 dilte ditta
ar 1 20 dilio ditin
] 28 1 20 Chirisan, 20, v, 1990 P'yongeh'onm, Szmjangmydn, Sanch’linggun, Kydngnam
29 1 20 dalto ditia
ac 1 20 dilto ditia
] 10 k) 1 20 TCgyusan, 20, ¥, 1890 Ch'angstinm, puksangmydn, Koch'anggun, Ksdngnam
32 1 20 ditto dilto
33 1 20 il dilto
7 11 EE 1 20  Yongch'wisan, 23, ¥, 1880 Lhisanm, Habukmydn, Yangsan'gun, Kydngnam
35 1 20 ditle diLlo
36 1 20 ditlo dilto
1} 12 a7 1 20 Ulu, 23, v, 1990 Sohor, Sangbukmyén, Ulugun, Kyéngnam
38 1 20 ditle dilte
39 1 20 diilo dilto
9 13 A0 1 20 Kariwangsan, 26, ¥, 1990 Changitinm, Chinbumyén, P'yiingeh’'anggun, Kangwdn
41 1 20 ditlo ilte
42 1 20 ditio dilto
10 14 43 1 20 Pangdaesan, 27, ¥V, 1990 Misanni. Sangnammyiin, Injacgun, Kangwiin
44 1 20 ditle dillo
45 1 20 ditle diLlo
11 15 46 1 20 Straksan, 27, ¥, 1980 Yongdaeri, Pukmyfin, [nmaegun, Kangwin
47 1 20 dillo diilo
48 1 20 ditlo ditle
49 1 20 ditlo dilla
1 1 50 2 20 Kayasan, 26, VI, 1990 Kuwsnm, Kayamydn, Hapch'6n'gun, Kydngnam
51 2 20 itlo ditio
2 2 52 2 20 P'algongsan, 39, Vi, 1930 Kasandong, Kasanmy®n, Ch'ilgokkun, Kytingbuk
53 2 20 itlo ditlo
54 2 20 diita ditlo
oo 2 20 dulta ditto
56 2 20 diita ditte
57 2 20 ditta ditto
3 3 5B 2 20  Sobaeksan, 4, ¥ll, 1990 Pasytimm, Sunhiingmyon, Yingpunggun, Kydngbuk
59 2 20 ditta ditta
60 2 20 drlto ditio
4 4 51 2 20 T'aebacsksan, 4, VI, 1997 Scdodong, T'aebaekshy, Kangwin
62 2 20 ditta ditto
53 2 20 ditta ditta
5 5 64 2 20 Chinsan, 24, Vi, 1990 Ch'usdngdang, Mach'onmyin, Hamyanghun, Kydngnam
65 2 20 ditta iilo
66 2 20 dilto diita
[ 87 2 20 ditin Samjfingmi, Machdnmyon, Hamyanggun, Kyangnam
68 2 20 ditin diito
69 2 0 ditia ditta
7 70 2 20 dille Simw5nm, Sandongmyin, Namwan’gun, Chinbuk
71 2 0 dilio ditta
72 2 20 dilig ditia
] 73 2 20 dilto Waedongm, T'oumydn, K aegun, Chinnam
74 2 20 dilio ditin
74 2 20 dilto drita
9 76 2 20 dilto P'yiingch’onni, Samjangmydin, Sanchdnggun, Kytngnam
77 2 20 ditn ditio
78 2 20 dilto ditia
6 14 79 2 20  Togyusan, 26, VI, 1980 Ch’'angstinm, Puksangmytn, Kéuh'apggun, Kyangnam
80 2 20 dtte ditio
a1 Z 20 diLle ditta
7 11 82 2 20 Yingch'wisan, 26, VH, 1990 Chisannt, Hebulkmy®tn, Yangsan'gun, Kytngnam
83 2 20 ditlo diLte
84 2 20 ditlo ditto
8 12 85 2 20 Ulw, 26, v1, 1990 Sohort, Sangbukmyin, Ulugun, Kytngnam
85 Z 20 ditle dilto
a7 2 20 diLle dilto
] 13 a3 2 20 Kanwangsan, §, Y, 1990 Changi6nm, Chinbumydn, P'y@ingeh’anggun, Kangwdn
89 2 20 ditllo dille
80 2 20 ditlo diLlo
10 14 g1 2 20 Pangdagsan, 5, ¥, 1390 Misann, Sangnamydn, Injaegun, Kangwdn
92 2 20 ditto dillo
93 2 20 ditlo ditle
11 15 94 2 20 Siraksan, 5, VI, 1990 Yongdaen, Pukmydin, Injnegun, Kangwiin
95 2 20 ditto illo
12 18 96 2 20 Chidmbongsan, 5, VI, 199C Pukni, Kirinmyan, Injaegun, Kangwiin
97 2 20 ditta ditle
93 2 20 dita ditlo
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Table 2. Codes for characters nged in the morphometric analysis of Apis cerana
N Coda Characier o, Code Charactor
1 ASL Antennal scape length 25 HWL Hind wang length
2 FAL Face lenglh 25 1ww Hind wing widih
3 HEW Hend widih 27 JLW Jugal lobe widih
4 DAA Disiance between ocellus & antennal socket 28 VLW Vannal lobe width
5 PTL Probosuss total length 29 TML Transverse median van lenglh
§ PDL Prohoseis distal lenglh 30 TCL Transverse cubilal vew length
7 T'HA Faore wing area 31 HWwH Hind wing hamuli
S WP Fore wing perimeler a2 FFL Fore leg lemur lenglh
kS FWL Fore wing lenglh 33 FTL Fore leg tbia length

i0 FWW Fore wing widlh 34 MFL, Mid leg lemur length

11 CCL Costial cell lenglh 33 MTL Mid leg tibia length

12 SML Submedian cell length 35 HFL Hinid leg Tlemur lenglh

13 SDhL Second discaidal cell lenglh 37 HTL Hind leg uibia length

14 WX Fore wing appendix 3z HML Hind leg metatarsus length

15 MCL Marginal cell length 39 HMW Hind leg melalarsus width

18 SCL Second cuhital cell lengih 40 T3L Tergue-3 lenglh

17 SCW Second cuhiial cell width al T4L Tergiue-4 length

18 CUA Cubital vein distance a 42 s3aL Stermte-3 length

19 CuB Cobral vein digtance b 43 SWL Sternnie-3 wax plate length

20 cuc Cubulal vein distance ¢ 44 SWw Stermitc-3 wax plate width

21 CUD Cukzial vein distanc o 45 S6L Sternite-5 lenglh

22 TCW Third cultal cell width 45 36W Stermre-6 width

23 HWA Hind wing area 47 STL Sting length

24 BwWP Hind wing perimeter

{Sobaeksan), Group 16(Chirisan 1), Group 28
Hop 9 pE {Chirisan 5) @ Group 43(Pangdaesan) &
7 100%=2 $93 FesUil HoEelss
E=H 2 93.33% = i =okoh(E 4).
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BEFS 1, 28 ng22 4z 43887 @ 2 S HE Eg 093.33%EA SriEdETs
111424 41.87%9% FHAEHE 3T, H AtEdls A2 (Kwon & Huh 1992)Ec 24
FAUBASE 090025 3 0.8238% dehsich @4d 2AE ndZodd, F e 1§
7iAE7 L 1, 2 9 39 #E¥SFE EF Ha BAo] mj I <IAHNU
A w, 7 pEHe 5209%2 fHE
o] 2 o] &3 Z Group?t A4S 33 Al SHA] WA
A WzEaEd. o7l e i Groupol s = o] Zdla= mE 167 T2 HEEHs
Faod Ba2s EZdspd e (2" 3). of Z} s]H e ZfHdel e EelHEE

A4aetA ol b3 EE P<0.001e] g 1L R i RS
E3] Group 1{Kayasan)® Group 28(Chirisan Aedddae= 55 1577 A& H =,
57k I'gkel 13.582 b3 Eel&=r7b w3, 3 wads 120 Ifpe A 29162, 1.8817
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Fig. 2. Schematic drawings of the body parts of Apis ceranc used in the morphometric analysis (character
codes as in table 2).
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Fig. 3. 3-dimensional plot of the first 3 canonical discriminant functions hy group centroids for different popu-
lations in spring based on the lotal characters.

Table 3. Tests for univariate equality of group means for differnet populations in spring based on the total characters

Varable Wilks'Lambda F Sign. Variable Wilks'Lambda ¥ Sign.
ASL J0717 243 0000 HWL 73342 7.99 Gooo
FaL 81813 4.52 0000 HWW 86094 328 0001
HEW 69043 9,12 .0oco JLW 71696 503 Qoeo
DoA .B9510 238 037 VLW 79180 .30 Rl
PTL 59118 14,08 oooo TML 87962 278 0007
PDL 51605 19.09 aoto TCL Bhbz22 344 .0ona
FWaA 65084 1092 Joon HWH 87794 2.83 Q005
FWwp 4G6911 1007 0000 FFL .78823 5.44 0000
FWL 72868 7.58 0000 FTL 42632 27.39 L0000
FWw Q781 8.40 0000 MFL 85262 3.51 Q000
CCL 78703 5.18 0000 MTL 81994 447 Q000
SML 77829 579 0000 HFL 85145 3.65 aooo
SDL 70849 513 G000 HTL 72568 789 agooe
FWX 78571 5.55 0000 HML 81350 4,66 A000
MCL 80093 5.06 oeod HMW 90611 2.10 0115
SCL 76316 6.31 .0uco T3L 70379 a3.56 0000
SCW 76017 642 .ooee T4aL 72871 757 0000
CuA 77459 7.92 felaliTe] 53L 70890 8.28 0000
cuB BATST 3.94 0000 SWL 76A41 6.30 0000
cuc 72960 7.54 0000 SWW .79513 524 L0000
Cup .B1940 448 0000 S6L 73899 7.149 Qooo
TCW B2800 4.22 0090 S6W 88537 263 A013
HWA 81597 459 L0000 85TL g1191 4.71 oo
HWF 80963 4.73 0000
4L Bgor, 53] Group 58(Schacksan) dfH o gy Al S(HWH)#F 1.292 713

3 Group 96(Ch&mobongsan)2 Fgk 8.853¢c 2 Zroh(E 5).

7t 2El =7
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Tahble 4. Predicted group membership for different populations in spring based on the total charactera

Aclual Grucp No. of Predicied Group Membership
{ Lacaality) Cages 1 4 10 13 16 19 22 25 28 ai 34 37 40 43 46
1 Kayasan 20 20 a 1] 0 2 0 [ 0 a a 0 4 ] a 0
100% 0% % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% Q%
4 Plalgongsan n 1 18 a 1] [ [} [} 0 0 0 0 4] [} 1 0
6% 90% D% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 5% 0%
1% Sobeeksan 20 Q 0 20 ) [ ¢ 0 4] 0 0 0 4] o Q9 a
0% 0% 100% 0% 0% 0% 0% 0% % 0% 0% 0% 0% 0% 0%
13 T'zebacksan 20 a Q 0 19 ] o [ 1 a 0 0 I v} a 0
0% 0% 0% 95 % 0% 0% 0% 5% 0% 0% 0% 0% 0% 9% 0%
156 Chirisan 1 20 0 q a 0 20 [ o 0 0 Q 0 4 o Q 0
0% a% % 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
19 Chirisan 2 20 1 0 a a 2 18 0 0 q 0 1 4 [ a 0
9% 0% 0% 0% 10% BO% 0% 0% 9% 0% 9% 0% 0% 0% 0%
22 Churisan 3 20 o] 1] a il i) Q 19 [} a a9 1 4] o ] Q
0% 0% 0% 0% 0% 0% 95% 0% 0% 0% 5% 0% 0% 0% 0%
25 Chirisan 4 20 1] a 1 a 1 0 1 16 a 1 0 1] 0 Q 0
0% 0% 5% 0% 5% 0% 5% 30% 0% 5% 0% 0% 0% 0% 0%
28 Chirisan 5 20 t] 9 a 0 a 0 0 o 20 1] 0 0 0 0 0
0% 0% 0% 0% 0% 0% 0% 0% 100% 0% 0% % 0% 0% 0%
31 Togyusan 20 o 0 Q a a i} 4 0 i} i9 a 0 0 0 1
0% 0% 0% 0% 0% 0% 0% 0% 0% 95% 0% 0% 0% 0% 5%
54 Yéngch'wisan 20 o Q a 1] I} 1 ] 1 0 0 17 1 0 1} a
0% 0% 0% 0% 0% 5% 0% 5% 0% 0% 85% 8% 0% 0% 0%
37 Ul 20 [} o 1] 0 Q i) a Y 1 0 Q 14 0 o o]
0% 0% 0% 0% 0% 0% 0% 0% 5% 0% 0%  95% 0% 0% 0%
40 Kariwangsan 20 ¢ 0 4] Q 0 1) 4 1 o] 0 Q 1 18 1} 0
0% 0% 0% 0% 0% 0% 0% 5% 0% 0% 0% 5% 0% 0% 0%
413 Pangdaesan 20 [ o] o] Q 0 0 4 [ 0 o] 1] 0 [+ 20 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%  100% 0%
46 Stiraksan 20 Q ) o a Q 0 0 Q o o 1 0 4 & 19
0% 0% 0% 0% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0% 95%
Percent of “grouped” cases carreciy classled: 93.33%

UEbd oL 6). = A5 o2 6|88 2 GroupZts] F4
ol dA#HE FHAW, AF 7= 2 #E 3aY AelA vZEA ATH I 5.
HAL FFolo] FA(PTL)SET, 2 vk A 47¢H dirwg F RS PCO00IE X
HAe s f\l-_rL F{(HWH}2 el z9] HFHPE Hegen, =3 Group 1+50
Ruttner(1988)2] ¥4 u= 4it"ges HAFAE {Kayasan)¥ Group 31+79(Tdgyusan)s Fzk
2ok QREE f442e] P<OO0IE A2 4 93982 71 2 =7l =942, ¥ Group
9 A BEEHgor, 3RS E 925%E F 31+79(Togyusan) &} Group 37+85(Ulu}e F

AN opAA R G ATE ARED ghol 2.249=2 A pebsko)

A9 (Kwon & Huh 1992)5rt oAl =27 T4 gael EaEAdA sbg lelEs T Fd

H Az A, A A 2hEE 4o =2 & gro] A4Sl Zo| grie] F¥Ede|(FTL) 2

A 7 = ot A Fgrel 13.51¢l9ix, 1 32 A 657 &

(S6W)e] Fgk 2.228 7173 FIoh(E 7).

£ - 3H dAE SEAHT 2 5Fdx, Group 10+58(Sobaeksan) o] 85%
of BHdHE W6AATE APl BAGel o AFBL w4 YoHor % ®A

EG gl B Ao 2k AAHETE TR o B}t o1}, Group 43+ 91(Pangdaesan}e] 57.5

3 Wl AES s d 2 @t %hRA Zp WS, W@ eld T242%2
FEaddges 25 16747 48 FHled, Z+ Ay BB vl v w2 T

#BEFE 1,29 mH2L 42 1.3377, 09237 S REc(T 8).

=, AEARA = 07565, 069322 versk wpikA] AT Ho|E BlA] A Aol w7}

om, ® o5 A Sdye 3416%E H e 4= ool A" Hef(FTL)RAa,

B BT, seiws} 28 12 9 39 Be R GesFel P<O00lA g U4

HrE BT o o, 2 @428 47.38% AA el AYPHGEE L walen,
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Fig. 4. 3-dimensional plot of the first 3 canonical discriminant funclions by group centroids for different popu-
lations in summer based on the total characters.

Table 5. Tests for univariate equality of group means for differnet pepulations in summer based on the total characters

Variable Wilks' Lambda I Sign. Variahle Wilks’ Lambda o Sign

ASL 68045 951 0000 HWL 70964 5.29 Q050

FAL 81973 445 0000 Hww 79989 5.07 0040

HEW 78759 6.13 L0000 JLW ST4720 6.35 .noae

DOA B4284 377 0037 VLW 66502 10.21 000g

PTL 63795 1150 0000 TML 718136 5.67 L0000

PDOL 68564 9.29 0000 TCL 80197 500 0000

FWA, BO611 4.87 0000 HWH 93897 1.29 2040

Fwp 80145 5.02 .cooo FFL 67209 936 0000

FWL 17834 597 .Looo FTL 83257 1.07 0000

FWwW 12866 7.54 0000 MFL THE14 6.3 0000

CCL B3454 401 .aceo MTL 74729 §.85 0000

SML B6179 325 aceo HFL 85834 3.34 0000

s0L 68821 9.18 060 HTL 90253 2.18 (068

FWX 82224 4 38 aaeo HML 68933 9.13 0000

MCL 83333 4.06 0000 HMW B20B7 4.43 L0000

SCL B4489 372 pove TiL 68553 929 G000

SCW 76143 6.35 Qnae T4L H6105 10.32 0000

CUA 82533 428 a0oo 83L 54222 11.2% L0000

CcuB BA20G 270 2007 BWL 81269 4 67 oooo

cuc 69628 884 0000 SWW 74733 6.85 Gono

cuD 78498 555 0000 S6L 80969 4.76 .gego
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Table 6. Predicted group membership for different populations in summer based on the total characiers

Actual Gruop No of Predicled Group Mombership
(Populuiwon) Cases G0 52 58 6] 64 67 70 73 76 9 82 8 B3 91 94 08
50 Kayasan 20 19 1 o [ 0 0 0 [ 0 [ 0 o 0 o 0 o
95% 5% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
52 Palgongaan 20 ] 0 o 0 0 0 o 0 0 0 o 0 0 v 0
0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
58 Sobaeksan 20 a 119 0 0 a 0 0 a a 0 o 0 D 0 0
o% 5% 95% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
51 T'aebueksan 20 a 0 0 20 o 0 0 o 0 o 0 0 0 o 0 0
g% 0% 0% 100% 0% 0% C% 0% 0% 0% 0% 0% 0% 0% 0% 0%
54 Chinsan 1 20 0 0 o 0 15 o v o 1 0 1 " a 2 o 0
0% 0% 0% 0% 8% 0% 0% 0% 5% 0% 6% 0% 0% 1% 0% 0%
67 Chririsan 2 20 a 0 2 0 0 18 0 0 0 o 0 o 0 0 0 0
0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
70 Cirisan 3 20 0 0 ¢ 0 a 020 0 0 0 0 o 0 0 0 0
g% 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%
73 Cinnisan 4 20 0 0 0 0 0 0 1 18 1 0 n o 0 b o 0
0% 0% 0% 0% 0% 0% 5% 90% 5% 0% 0% 0% 0% 0% 0% 0%
76 Chinisan 5 20 0 0 ¢ 0 a 9 o o a7 o 2 o 0 1 0 0
0% 0% 0% 0% 0% % 0% 0% 85% 0%  10% 0% 0% 5% 0% 0%
78 Tégyusan 20 a 0 0 0 a o ¢ 0 a = 0 0 0 0 o 0
0% 0% 0% 0% 0% 0% C% 0% 0% 100% 0% 0% 0% 0% 0% 0%
82 Yongeh'wisan 20 o 1 0 o 1 0 ¢ 0 0 0 17 o 0 1 0 0
0% % 0% 0% 5% 0% 0% 0% 0% 0% BS% 0% 0% 5% 0% 0%
85 Ulju 20 0 0 o 0 0 0 o 0 a 0 0 18 1 1 0 0
a% 0% 0% 0% 0% D% 0% 0% 0% 0% 0% 9% 5% 6% 0% 0%
B8 Kariwangzan 20 ! 1] [} 0 0 4] [ o} ] 4] o 2 18 o [} 0
0% 0% 0% 0% 0% 0% ©% 0% 0% 0% 0% 0% 9% 0% 0% 0%
91 Pangdaesan 20 0 )] 1] 0 a 4] o 0 i} 4] 1 o a 13 o] 0
o% 0% 0% 0% 0% 0% 0% 0% 0% 0% 5% 0% 0% 9% 0% 0%
94 Séraksan 20 0 ] o o a i) 0 0 a 0 0 1 0 o 19 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 5% 0% 0% 9% 0%
96 Chdmbongsan 21 b ¢ o 0 0 0 [ 0 0 0 0 2 0 0 0 18
0% C% 0% 0% 0% 1% 0% 0% 0% 0% 0% 10% 0% 0% 0% 90%
Percenl of “groupad"” cases correcily clasafied: 92.5%
Ao, HAYS, 4LAE F NG
el =6 s of 2 2 #
e 4EA, 23 AAEAH AolFE ET = e v =
4] o I o] = 2= L.
F Agracles wxd Aoz 84 T Kwon, Y.J. 1988, Taxonomic revision of the leafhop-
gich, §H, GAHE EEAMATe ASdME per genus Macrosteles Fieber of the world (Ho-
9__].94 = Hlme M HlmH Fe FFRYL moptera: Cicadellidae). Ph. D. Thesis, Univ.
Wales. 557pp.
L o] A 2 ok A Ao A &
& vEhiied, o2 FAD AL 7} Kwon, Y.J. & E.Y. Huh. 1992. Electron-morpho-
X] Holgole] 238 27 b 294 274 metric classification of ihe nalive honeybees from
o] BE S wasts Ao s AF. Karea [. Discriminant anlysis on the wing charae-
_ ters. Kor. Journ. Ape. 7(1): 1~31,
w9, 7 MaRddA dAe 5¥ARLS pie. 7(1)

A28k AL (Kwon & Huh 1992) 2} BF =2
A FaHRD, PS5 EE FldReAMz
wilg o PRE Ho= drhg ”57&%01
(FTL)s} F=%5¢] FH|(PTLY?t o #+% #H
©2 ettt ¥, Ruttner(lQSB)Dﬂ E]z“sH
SegARE et dAf e ATHHWH =

B BEHd gelde o= el sl9E7 A
L ovte Aoz gE s gt

Lee, M.L, 1990. Studies on the variation in morpho-
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bees, Apis mellifera L. and A. cerane Fabr., in
Korea. Ph.D. thesis, Seoul Nat. Univ. 71lpp. (In
Korean).
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Fig. 5. 3~dimensional plot. of the first 3 canonical diseriminant funciions by group centroids for diiferent popu-

lations regardless of seasons based on the total characters.

Tahle 7. Tests for univariate equality of group means for differnet populations
regardless of seasons based on the total characters

Variahle Wilks'Lambdn F Sign. Vanahle Wilks'Lambda F Sign.
ASL 83338 805 noac HWL 87353 5.80 0000
FAL ERETH 3.4 a0t BWW 91776 6o L0000
BEW 52245 8.69 0004 JLW 81619 8.06 cogo
DOA 89874 4.53 0000 VLW 78727 10 R8 0aco
PTL 24368 748 0000 TML 94265 245 Q017
POL 87547 5.72 .noco TCL 90058 444 L0090
Fwa BEZ31 5.06 oo HWH 83341 2.87 Q002
FWP 89361 4.79 000c FFL B725T 5.88 0000
FWL 89026 498 0900 FTL 74881 13.51 Gooo
Fww .B563Y 6.21 0000 MFL 90156 439 000G
CCL 53319 2.88 0000 MTL 88208 .38 0000
SML 90198 4.37 0000 HFL 02424 330 0008
SDL 85951 6.58 0000 HTL 81926 3.83 0o0g
FWX 90564 4.18 Qoo HML 85850 6.63 0030
MCL H9696 1 62 Q000 HMW 93d01 266 0005
3CL 89804 4,57 0000 TiL BAOTH 7.52 0000
SCW 88439 9.28 0000 Td4L 87754 2.51 0000
CUA H0058 4.44 0000 530 .B4167 7.57 ~060
CUR 94689 2.25 0043 SWL 83093 5.44 0000
cuc 0744 4.10 0000 SWW 87358 582 0000
cuDn BEO1Y 5.48 oo S6L BT870 0.5% L0000
TCW 00869 4.04 aooe S6W 94768 2.22 L0050
HWA 50824 491 0000 STL 51464 916 oG

HWP 90436 425 000g
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Table 8. Predicted group membership for different populations regardiess of seasons based on the total chiaracters

Aclual Gruop No, of Predicied Group Memberslup

{Population) Cases 1450 4+52 10458 13+61 16464 19467 22470 25473 38+76 31479 34+82 37+85 40+ 88 43+81 46494 56

1+50 Kayasan 40 31 2 [H 2 1 1 0 2 o 0 Q 1 i} i a 0
775% 5% 0% 5% 25% 25% 0% 5% 0% 0% 0% 25% 0% 0% 0% 0%

4+ 52 P'nlgongsan 40 2 oA 1 2 i} i a G a a 1 i ¢ 4 g g
5%  B80% 2.5% 5% 0% 258% 0% 0% 0% 0% Zh% 25% 0% 0% 0% 0%

10-4-58 Subaeksan 40 1 2 34 M 1 1 0 1} 0 0 1] 0 1 0 1] ]
2.5% 5%  85% 0% 2E% 25% 0% D% 0% 0% D% 0%  25% 0% 0% 0%

13+61 T'aecbaeksan 40 1 a 1 a1 1 1 0 1 0 1 1 ] 1 1 ¢ ]
2.5% 0% 2.5% 77.5%  25% 25% J% 25% 0% 15% 25% 0% 20% 26% 0% 0%

16+ 54 Clorisan 1 40 Q a 4] 0 31 0 1 o 2 2 1 1} 1 H 2 0
0% 0% 0% 0% 77.8% 0% 25% 0% 3% 50% 25% 0% 2.5% 0% 5% 0%

19467 Chinsan 2 40 2 k] 3 0 2 28 1 o 0 1 0 ) o o 0 0
6% 15% 75% 0% 5% T0% 25% 0% 0% 25% 0% 0% 0% 0% 0% 0%

22470 Chinsen 3 4C 0 i} 1 o} 0 1 kil 3 [} o] 2 1 1 i a a
0% 0% 25% 0% 0% 256% T75% 75% 0% 0% 5% 25% 25% 25% % 0%

25+73 Chirsan 4 40 0 0 1 1 a 0 3 a0 Q 2 1 1 ¢ 1 0 4]
0% 0% 25% Z5% % %  75% 5% d% 8%  28% 25% 0% 2.5% D% 2%

28+76 Chirsan 5 40 0 0 0 1 1 1 0 4 27 0 4 ] 1 1 b} 1]
0% 0% 0% 25% 248% 25% 0% 10% 67.5% 0% 10% 0% 25% 25% 0% 0%

31479 Togyusen 40 0 n [} 1 1 3 0 1 o a0 o i 1 1 1 o
0% 0% 0% 25% 25% 7.5% 0% 25% 0%  75% 0% 25% 2.5% 25% 25% 0%

34482 Yéngch'wisan 410 0 2 1 2 2 [ 1 2 1 2 24 0 1 1 [ 1
0% % 2E% 5% 5% 0% 25% 5% 25% 5% 60% 0% 2.08% 25% 0% 25%

A7+ 85 Ulju 40 a B 4] 0 1 1 0 0 1 g 2 30 1 1 0 1
0% 0% 0% 0% 25% 25% 0% 0% 25% 5% 5% Th% 2.8% 25% 0% 25%

40+B8 Kariwangsan 40 § M) 1 3 0 2 3 1] 1 1 1 2 25 0 1 ]
0% 0% 25% 75% 0% 5% 7.5% 0% 25% 25% 25% 5% 62.5% 0% Z5% %

43+91 Pangdeesan 40 3] Q [} o] 1 1 2 [} i 5 2 0 2 23 1 2
C% 0% 0% 0% 25% R25% 5% 0% 25% 125% 5% 0% 5% b575% 2.5% 5%

46+ 94 Sraksan 40 a 4 i a 1 2 ] i i z [ 1 1 1 27 2
0% 0% 25% 0% 25% 5% 0% 0% 25% 5% 0% 2.5% 25% 25% 675% T75%

96 Chombongsan 20 o} 0 a n o 0 0 0 [ 2 ¥ 1 0 1 o 16
0% 0% 0% D% 0% 0% D% 0% 0% 10% 0% 5% 0% 5% 0%  80%

Perceni of “grouped” cases correclly classified, 72.42%
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Fig. 6. Some besic data for principal variables (right horizontal line represents mean for each population, left
horizontal line vne standard deviation, thick bar total range).



