el ® FelERE £4d 3 23] ok 16579
ASH frediA

AL A

O[EfZT* - S22
Fdosta o|#uet &8st

Phylogenetic Relationships Among Sixteen Species of the Subgenus
Drosophila by Morphology and Taxometric Analysis

Lee, Taek Jun and Song, Eun Suk
Dept. of Biology, Chung-Ang Univ, Seoul

ABSTRACT

Phylogenetic relationships among sixteen species of the subgenus Drosophila in Korea were
investigated by morphology and taxometric analysis. Morphological traits such as periphallic organ,
phallic organ, egg guide, egg filament, mouthhook of third larvae and puparial anterior spiracle
among the sixteen species were compared. As a results of morphological comparisons on the
sixteen species, they can divided into two groups, virilis and quinaria. Concerning the cluster
analysis (Gower’s similarity) of the 30 morphological characters, the similarity coefficient between
D.angularis and D.brachynephros was the highest value (0.941) and relatively high over 0.8 have
been found between D.angularis and D.curvispina. On the other hand, that between D.virilis and
D.kuntzei is the lowest value (0.291). Phylogenic trees are constructed using the procedure of
a cluster analysis according to Sokal and Sneath (1973). The sixteen species of the subgenus
Drosophila were divided into two groups, virilis and quinaria. quinaria group was clustered quinaria,
lestacea, bizonata, histrio and immigrans species groups in order.

A cladogram was constructed by cladistic analysis among sixteen species with 30 morphological
characters. These species were divided into two lines at their ancestors level : virilis, robusta
and melanica species groups belonged to the one line, while quinaria, bizonata, testacea, histrio
and immigrans species groups belonged to the other. In addition to this above results, it is infered
that some other ancestors existed between these species.
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ZotgolE e xuE|go] 4313 22709 species
groupg X3, HAAHo 2 oF gooFo] ¢#HA
A3 (Wheeler, 1986) 3HFollA B g Zulelopse
12%FT, 23F 22 a4t 202l d 112% 5 205%S
2128t QltH(Lee and Kim, 1987).

ZutgolE ] FHAQA 72 Hsu(1949) 0 2
8to] mhet] o] P\ ZALZMN quinaria section™ virilis
section®.E W91, Okada(1955, 1956)€ U4t
Zua] ot Ao g AR, A7 e,
Wi A4 7)5& SFHEAEA olE F section® qui-
naria sections A% EFTISE primitivedttla
3t o, 198830l MFA EFAAE R3S virg-
lis section®] T} primitived}ttz 3ttt E3 )
de o= FF AEHA WY D stermopleura-
lisE histrio ¥ EFAZ T} &34 quinaria spe-
cies group 3% Uil F3 9 QA2 7]e)
Z3t Hojo] tjate] B Eu} §190(Chung and Rho,
1960), D. nigromaculata® 33 quinaria T 4%
3t A7), BEWME A ® AgRSe Fe
Held £ B3t 9ok (Lee and Choi, 1985).

39 Y d7e 9’ 9% ¢ e
HH A EAL JIAs L E/sle aAed, A2
de P ARE FElFoz B AF
FEHAE Hélgie 77T o]FAX 1 gt 48
RS A dig dEAn APl FaF
BHeE YA 5o o FN fIdAE o
T3 AE] g3 ol o]&H 1 g} 2 E
o2 & FeEN%H AT Steganass, Lovdi-
phosas:, Mycodrosophila®-& 32 Z cluster analy-
sis§ T8% vl ATH(Okada, 1982, 1984, 1986).

WS A% Hirtodrosophila V43 melanogaster
FTd Wt 1y EAuHoz HudE w9l
S (Lee et al, 1990 ; Lee and Kim, 1990), X 3}&]
ot&o il FEldog EMG Aoe Rud vt
ok 22y @54 AXFE WA Z cluster anal-
ysis®} ordination analysis® -3+ ¥} 12.™(Koh,
1986, 1989a, b), 75 E5Fo]7 e} HH EE o]

3t 242t cladistic analysisE 8 3t B3}
(Lee and Park, 1991).

B d7e Zveolgo] i M3} fA%Y
T d¥ez FUN AT 163 L ddo=z
AH71E X RA e ey ¥AL Aen| s}
I, olE€ EUZ 3t FRFEE BAubios
FT FAVAE B3 o5y ASHAES Yolu
a7 3t

II. Az N 9y
1. MExE

¥ A¥o AH8-E ool &3 1639 1
APAGLE oS4 2

(1) D. vinilis Sturtevant, 1916 9 ¥=%

(2) D. tsigana Burla & Gloor, 1952 7371% Hw}
2

(3) D. lacertosa Okada, 1956 7371% A4t

(4) D. angularis Okada, 1956 37|% 424t

(5) D. brachynephros Okada, 1956 7A71% Ag)4t

(6) D. curvispina Watabe & Toda, 1984 Mg =
224t

(7 D. kuntzei Duda, 1924 295 224

(8) D. nigromaculata Kikkawa & Peng, 1938 2 9%
Sy

(9) D. takadai Lee, 1964 Z 9= th#3

(10) D. unispina Okada, 1956 A71% A4t

(11) D. testacea von Roser, 1940 73915 X|otAk

(12) D. bizonata Kikkawa & Peng 1938 Z7|%=
Ayt

(13) D. histrio Meigen, 1830 37|% AgAt

(14) D. sternopleuralis Okada & Kurokawa, 1957
3% Xt

(15) D. curviceps Okada & Kurokawa, 1957 A3
=

(16) D. immigrans Sturtevant, 1921 371% 22
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Table 1. 30 Diagnostic characters for taximetrical analysis on the sixteen species of the subgenus Drosophila

3

No.  Character Cluster analysis Cladistic analysis

1  Aedeagus bifid(A), or fused(a) bifid(0), or fused(1)

2 Aedeagus non-pectinated(B), or non-pectinated (0), or
pectinated (b) pectinated(1)

3 Aedeagus bare(—), or pubescent(+) bare(0), or pubescent(1)

4 Aedeagus laterally(C), or horizontally laterally(0), or horizontally
flattened(c) flattened(1)

5 Basal vertical rod on

10
11

13
14
15
17
18
19

21

B8 N

25
26
27

8 8 8

its ventral surface of
aedeagus

Basal apodeme of
aedeagus

Sensilla at anterior
parameres

- Posterior parameres

Phallosomal index

Anal plate and

genital arch

Small hairs on anal
plate

Black teeth on clasper

Secondary teeth on

clasper

Bristle of upper of
genital arch

Lobe of egg guide
Body color
Abdominal tergites

Numbers of upper
branch of arista
Numbers of apical
setae at palpus

Ratio of greatest

width of cheeks and
diameter of eye

Ratio of Orb, and Orb,

Ratio of Or; and Or;

Wing crossvein
C—index

4V—index
4C—index
3cf—ratio
5X-index
Sterno—index

Acrostichal hair

present(+), or absent(—)

longer than aedeagus(D), or
less than half length of
aedeagus(d)

present(+), or absent(—)

contiguous(E), or
non-contiguous(e)

average index
contiguous(F), or
separated (f)

present(+), or absent(—)

more than 10(G), or

less than its(g)
present(+), or absent(1)
present(+), or absent(—)
round(H), or triangular(h)
black(D), or yellow(i)
interrupted cross band(J),
or spots(j)

less than 6(K), or

more than its(k)

one(L), or several(1)

average ratio

average ratio
average ratio

clouded(M), or clear(m)
average index

average index
average index
average ratio
average index
average index

8 rows(N), or 6 rows(n)

absent(0), or present(1)

longer than aedeagus(0), or
less than half length of

aedeagus(1)
present(0), or absent(1)

contiguous(0), or
non-contiguous(1)

less than 1.3(0), or
more than its(1)
contiguous(0), or
separated(1)

present(0), or absent(1)

more than 10(0), or
less than its(1)
present(0), or absent(1)

present(0), or absent(1)

round(0), or triangular(1)
black(0), or yellow(1)
interrupted cross band(0),
or spots(1)

less than 6(0), or

more than its(1)

one(0), or several(1)

less than 0.3(0), or
more than its(1)

less than 0.3(0), or
more than its(1)

less than 06(0), or
more than its(1)
clouded(0), or clear(1)
less than 3.5(0), or
more than its(1)

more than 1.3(0), or
less than its(1)

more than 0.8(0), or
less than its(1)

less than 0.5(0), or
more than its(1)

less than 1.3(0), or
more than its(1)

more than 0.65(0), or
less than its(1)

8 rows(0), or 6 rows(l)
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Fig. 1 Phallic organs on the sixteen species of the subgenus Drosophila.

1. D. vinilis 2. D. tsigana 3. D. lacertosa 4. D. angularis

5. D. brachynephros 6. D. curvispina 7. D. kuntzei 8. D. nigromaculata
9. D. takadai 10. D. unispina 11. D. testacea 12. D. bizonata

13. D. histrio 14. D. stemopleuralis 15. D. curviceps 16. D. immigrans
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Fig. 2 Periphallic organs on the sixteen species of the subgenus Drosophila,
1. D. virilis

2. D. tsigana 3. D. lacertosa 4. D. angularis
5. D. brachynephros 6. D. curvispina 7. D. kuntzei 8. D. nigromaculata
9. D. takadai 10. D. unispina 11. D. testacea 12. D. bizonata
13. D. histrio

14. D. sternopleuralis  15. D. curviceps 16. D. immigrans
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Fig. 3 Egg guides on the sixteen species of the subgenus Drosophila.

1. D. vinlis 2. D. tsigana 3. D lacertosa 4. D. angularis

5. D. brachynephros 6. D. curvispina 7. D. kuntzei 8. D. nigromaculata
9. D. takadai 10. D. unispina 11. D. testacea 12. D. bizonsta

13. D. histrio 14. D. stemopleuralis 15. D. curviceps 16. D. immigrans
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D. angularis$} D. brachynephros?t 7Y HA clus-
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cluster=I1th. E8 D, tsigana$t D. virilis7} FAYE
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Table 2. Comparison of morphological characters at developmental stage in the subgenus Drosophila

Char. wir tst  lac ang bra hkun nig tak  uni tes bz his _sle _ccs  imm

1 2 4 3 3 3 3 3 3 4 4 4 4 4 4

2 v v v vV VvV \Y Vv VvV \ \' Vv 'V v v v
3 w W w W W W W W W W W W W W W
4 13 55 35 9 9 9 8 9 9 5 4 35 35 6 10
5 X X X X X X X X X X X X X X X
6 y y y Y Y Y Y Y Y Y Y Y Y Y Y
7 Z z z Z Z Z Z y/ Z z Z Z Z Z Z

Table 3. Data matrix on the sixteen species of the subgenus Drosophila compared over 30 diagnostic characters, each
of which is coded in quantitative characters

Char. wvir tsi lac ang bra cva kun nig tak uni tes biz  his _ste _ccs  _imm
1 A A A a a a a a a a a a a a a a
2 B B b B B B B B B B b b B B B B
3 + - - — - — — + - - - - + - - -
4 c c c C C C C C C C C C C C C C
5 + - + — - - - - - — - - + + + +
6 d D d D D D D D D D D D d d d d
7 - - + + + + + + + + + + + + + +
8 E E E e e E E E E E e e E E e e
9 128 110 141 171 127 122 142 114 214 132 111 09 113 233 166 120
10 F F F f f f f f f f f f f f f f
11 + + + - - - - - - — - - - + - -
12 g G G G G G G g G G G G g g g g
13 - - - + + + + + + + + + — + - -
14 + - + — - - - - - + - — - — — —
15 h H H H H H H H H H h H H h h h
16 I I 1 i i i 1 i i i i i i i i i
7 3 ) T j j j J j /R AN S N N B |
18 K K k k k K k K k k k K K k k k
19 L 1 | 1 1 1 1 L 1 L 1 1 1 1 I 1
20 033 025 033 017 017 014 029 025 025 014 014 020 020 025 020 033
21 033 033 025 025 020 020 020 025 020 017 025 020 020 033 040 025

22 050 050 067 050 050 050 025 075 080 040 080 100 075 100 050 050
23 m m m m m m M M M m m m m M M M

24 273 245 419 301 277 309 375 324 310 313 341 28 412 371 382 457
25 175 171 161 160 168 162 189 153 153 148 163 177 152 165 152 127
26 099 105 145 097 131 079 081 074 082 091 071 083 066 067 066 054
27 065 033 064 042 040 039 038 052 043 045 029 036 047 041 033 041
28 131 123 133 138 126 118 105 107 109 135 143 149 109 144 133 110
29 090 090 070 060 060 060 060 070 050 060 050 060 060 050 060 0.75
30 n n n n n n n n n n n n N N n N

- 101 —
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Table 4. Similarity coefficient (Gower's) based on 30 quantitative characters

Species vir _tsi lac _ang bra  cva  kun  mig tak  unmi  tes  biz _his  ste  ccs
D. tsigana 0673
D. lacertosa 0.665 0.594

D. angularis 0317 0561 0470
D. brachynephros 0331 0531 0464 0941
D. curvispina 0401 0.630 0582 0872 0877

D. kuntzei 0291 0526 0448 0.798 0.810 0.834

D. nigromaculata 0417 0532 0366 0671 0660 0.767 0.737

D. takadai 0271 0512 0439 0.822 0841 0885 0.853 0.758

D. unispina 0.367 0502 0453 0871 0.843 0836 0804 0.745 0810

D. testacea 0.302 0415 0495 0.761 0.776 0.719 0656 0.551 0.652 0.751

D. bizonata 0320 0497 0460 0808 0.791 0.795 0.671 0.607 0682 0.701 0.833

D. histrio 0487 0422 0498 0538 0.578 0681 0.546 0628 0582 0589 0548 0612

D. stemoplewralis 0443 0343 0460 0545 0523 0618 0599 0546 0646 0529 0549 0539 0.701
D. curviceps 0416 0358 0462 0.627 0602 0569 0217 0559 0611 0565 0623 0573 0678 0.700
D. immigrans 0378 0333 0488 0593 0620 0578 0622 0516 0.598 0484 0614 0515 0679 0.686 0.770

@
2 2F 0.433
N
>
g 0.563
< ©SL
s 0.656 0.630
0.686 0673 |
8 0.738 0.701
m ' 0.770
m © 0.822 .
nm oo 0.857 - 0.833
6 0.845
Q 0.885
;‘ 0.941
= 2L r —l '

4 5§ 106 9 7 8 11 121615 13 14 2 1 3

Fig. 4 A dendrogram on the sixteen species of the subgenus Drosophila based on similarity coefficient : 30
quantitative characters.

1. D. virilis 2. D. tsigana 3. D. lacertosa 4. D. angularis

5. D. brachynephros 6. D. curvispina 7. D. kuntzei 8. D. nigromaculata
9. D. takadai 10. D. unispina 11. D. testacea 12. D. bizonata

13. D. histrio 14. D. stemopleursalis 15. D. curviceps 16. D. immigrans
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Table 5. Data matrix on the sixteen species of the subgenus Drosophila compared over 30 diagnostic characters, each

of which is coded in binary characters

No. vir Isi lac ang bra cva kun nig lak uni tes biz his ste ocsimm Dy P2 D3 Ps Ps Do Pr_Ds Po Pro Pu Pz Pz Pu

1111111112001
1 0 000 0 00
1 0 0 0 0 0O

0 0 0
1 0

0
0

0 0 0 0

1
0 0 0 0 0 00

0 000 0 0 0 O0O0O0TO0OTO

1
1

1

2 0 0
3

4
5

1

0 0
1
1
1

1

0 0 0 0 O

0 0 0 0

1

1 1 0 0

1
1

1

0
0
0
0

1 0 0 0 0 0 0
0 1.0 00 0 00
0 0 0 000 0 0 0 00

1 0

1

1
1

1
1

1 00 0 0 0 0 0O0 O

1

0 0 0 00 0 6 0 o

0 1

1
1

1
0 0 0 0

100 0 00 O0O0O0O0OO0OO0OO0OO0O0 1

7
8

1 0 0 0 0

0

1

0
0 0 0 0 0 0 O

1

1

1 0 0 11
1 0 0 0 1

1

1 0 0 0 0 0

0 0 0 1

9 00

1

1

1

1 0 0 00

1

1 0 01 01
1

1

0 01 1

1

1

10 0 0 0 1

1
10 0 00 0 01060 00

0 0 0

1

0

1 0 0 0 0 0 0

1
1 0

1

0 0 1 1

1 11
1

1
0

12

00 0 0 0 0 0

1

1
1

3 0 0 0

111 01
11 0 0 0 O
1 00

1

5100 0 00 0 06 0 01 00

1

4 0 1 0

0 00 0 0 0 o

1111111

0 1

1
1

1
1

1
0

1
0
0 00 01 01000

1
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les

Fig.5 A cladogram on the sixteen species of the subgenus Drosophila by Wagner algornithm.

vir . D. virnilis lac : D. lacertosa tsi . D. tsigana
ang : D. angulans bra . D. brachynephros cva - D. curvispina
kun . D. kuntzei nig . D. nigromaculaia tak . D. takadai
uni . D. unispina tes . D. testacea biz . D. bizonata
his : D. histrio ste : D. stemopleuralis cur . D. curviceps

imm . D. immigrans

quinaria, bizonata, testacea, histrio F-°) 3= 3
U9 lined immigrans F7] EUE F linel®
BA= YRz EN5UL.

V= 9

ZoEol& L 2ue &l 431 209 £, 784
& vt g8 At Wheeler, 1986). Patter-
son¥ Stone(1952) ol 2] 8} o] & o}dre] EA & &9l
AHEEZ19 7} 30 Ee 4700 ™ (melanica group
grol 270), B F#A30) 7tex ZA Ay glen

FAre Yoz A £ Y 29 Heqy}
FAY F3to] BoJA Aok &Yt

¥ Agel AHEE ¥ 29e)otE 1632 Okada
(1988)9] EHFAA waw ZA pinlis section®
quinaria section®-2 hdt}

HGA Y BE BFElF v o3H Okada
(1963)= zH g §39 gEFe /39
A4 T EF AHA9 #™o] Jdi o
FAFANMN N FL& F39 9279 B
2 ge] wf$ dFlzey, AAdF A& 3= F2
AFe ngo] gt 3k & HAGA
0E %9 dz27Ey e BR Xdo)
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o) 2 FelERen 240 oF 2uy ob% 16229 AFA FABA 13

AR, vl¢ G2 E RoZ, oA &0
Eojoz ek 3t weba Zoelopse
D. tsigana| X quinaria & 2.2 S = S immigrans
ZF7oz ARHYE Aoe F2HY T3 29y
ol&-2 Wul7]9 ¢71Ee]l BF TEYOZ, vinlis
section®] 8% <] ojFo] 71 2F% Holw, qui-
naria T 47 738 immigrans FF° A
Al HolA Itk Okada(1968) = 2 u}&] el A
Hel719) 47jEe] g AR Yrioh

& Fo] % conical type> Amiota, Leucophenga,
Chymomyza, Scaptomyza, Scaptodrosophila, subtilis
groupo| B, E2] ¥.ofo] 28421 clubbed typeS Mi-
crodrosophila, Liodrosophila, Dettopsomyia, Dorsilopha,
Hirtodrosophila®t 15521 Drosophila® ©| L, hooked
typeS  Sophophora©VE:S] obscura, melanogaster gr-
oup®} ananassae subgroup®]™, pointed typeS mon-
tium subgroup?] Fo] TFETIIL FFFTh o]0l
A7) %] Feh7} conical typel A clubbed type, hoo-
ked type, pointed type=2.2 Z3}7} o|FojHTh=
model& ARt ¥ AT7ZEHE ©] modeldl F
SAAHRA pirilis section, quinaria EI, immigrans
FT £o2 A}t AR FFY F Yok

Throckmorton(1975)©] A|¢tst vl ae] AF+
o 23VA Drosophila} 3L virilis-repleta*3 3+ im-
migrans-Hirtodrosophila®3’32] FABAA £33
o @} virlis-repletat}ite A Fe] Eaol
o3 A HAAHE B ¥3E Dettopsomyiass, po-
lychaeta group™ Asia®l X3 tumiditarsus
group®] AR A SA3, 23] Edf HHFHER
S¥ yobusta, melanica, virilis, carsoni group®] ¥-3}
3l Ztet ulgoes BXE WIA HAGL I}
A}, immigrans-Hirtodrosophila¥ i+ immigrans™it
3} Hirtodrosophila*3 3+ 2 I AT}, immigrans™3it
ol AAME GA] FAA Fdie}t AN T2
=Yooz wile] o FAANME immig-
st X REAE A8 groupo] Friol £33}
A Hdcka ot o)l duiFH FAl 2UFE
H2lsle] 1390 testaces, quinaria®F TS 2FI}
Zo] Y3 kvt E3 D. histrio, D. sternopleuralis,

D. bizonatas el 2UFE FETO §FHHY
T R BXxIA FHIA olghRe] FHF
4, dAdAo wg Fejulm, 2445 dE 4
HZA%E Throckmorton(1975)8) A E4¢t wlws)
B zuglolE vinlis section®} quinaria section
o g2 B3390, quinaria sectione quinaria, bizo-
nata, testacea, histrio, immigransT T2 Z13}E o]
YA g 24

Hed HFAE FAog £t fFAWAE 4
3t FE3te HAFL wEle WY vz 4
2 S 88 4= ok Sneath$} Sokal(1973) 2
7Fed B2 %o FEE ARl JiARe) Ao
AT HIFTE T A7 A FA N A7
AAR FAS A Z A Sloke 2EJYE
AA &t 3071 BAE FFHFA2ZA cluster analy-
sisE A3 AH quinaria F 01 cluster™ 3L immig-
rans, histrio, testacea, bizonata &0 TAHLZ clus-
ter=| Q2™ melanica, virilis, robusta ET-°) cluster
HA & Fuay FFo 7 sy 2449
= zoEord 16%F ZA FHY sectiono.E
YA, BA quinaria F7 7%°] A clusters o
3 te] groupd B33 TH2- O 2 ftestacea, bizonaia,
histrio, immigrans &T-°] 3h}9] group& ©1 ¥ quina-
ria sections VAU D. vinlis, D. tsigana, D.
lacertosa’7t TAHHLZ clusters o vinlis section®
B33tk

E3 Okada(1956)c el AA ] hg <5
e, 2719 P, WA 7] 58 FFH 243l
Zue)ol&-g T section =, quinariaSt virilis se-
ction® 2 Y1 quinaria sectione U primitive ¥
o2 BEF3Ye, 198839 MEFA EHAAE A
Ht xoeEjol&E T section® 2 USRI vinlis
section®] quinaria section®Th U primitived}ch
EFAAGY X8 dAsAch £ dgdHo)N
el A Ha By e e )
B Okada(1988)9] EHFAAIL A9 dxsiqict.
a8y Okada$} Kurokawa(1957)9 2J3ix] <2z
Drosophila pengi®t Takada®t Maekawa(1984)7}F A%
© 2 R Nesiodrosophila septentriata’S Watabe 5
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(1990)2 D. tsigana® synonym©| 23l ]tk D. tsi-
gana$t Nesiodrosophila®; 79 el {FAMY S BH
SRR upgZo] Azt Hofo|m FRHA A o]
VA ZetA Ui FARE gFo] AN AW
Fol ZetA Aok E FotH ] A1X Fol 12709
AR} e F739 ERFH FURYSE F
FulEI} 6F0lx AFJARRENI} 1/38 T ZFLFHo)
AL 3T D. tsiganas 1 BEH HA}
doll m|Fo] Hol F EF dAYN & FLoz
FHFE A7t BAle doz A&EHA A+
g g i

Wagnere X249 WHiES AL olg

7122 39 Kluge®} Farris(1969), Farris(1970)&
AAALZNE 0|88 JEE FEFog A3}
Fon olF ol o8 EFIAEC] o] 83
HAc}. Cladistic analysist $+FEFEAE AAH
o2 wjd3le Aojzt &5 U™, Wagner trees
37 Vg MEA R JPHJ e /MR & v e s
ot & ERIAY Fo g ASE AL 2%
B2 F79 A8 71¥& 5 cladistic analysis&
8 tdol & o)tt(Henning, 1966 5 Farris, 1971 5
Miyamoto, 1983).

E AFZE3 cluster analysis®} cladistic analysis
A7t A A F = 2B ol 1652 vin-
lis$} quinaria section®-Z VFAATE 18] 3L pirilis se-
ctione ZHe]o}&F 7HE primitive® 202 U
%o quinaria section®] ZHZA< primitivee ©F
U 25 F Atelele BEF9 ancestor’t YAE
Ao g F=2d}

v.8 =2

= Zotelobs: 1650 sl HejzAlel 407
St EAE B8l ol F3e fduA ¢
aE8 AZBAE Yotz YT}

L ¥ zue]old 1650 tislyg BF
o] & RAANNE

& 7lE
THLE 39 A7, ¢

o}7] 2 A3 =759 HelE vmg AH
A vinlis section® quinaria sectionSZ AU}
EF o]EF] WAGA W& & AEVIF, 3
371 59 42T ¢ AHAdrly 4r17e £33
AX 59 HRANME vinlis section®} quinaria sec-
tionSE UHUC}

2. ¥ 2ol 16359 I 20FF2 AL
AFYAZA cluster analysis (Gower’s similarity) 3+
A3} vinlis sectionS HT FALE 0.644, quinaria sec-
tione Hd FALE 06722 YERT). D, vinlisS} D.
kuntzers A= 02012 7HF A {A@3AIE JE
Wor quinaria FT2 D. angularisSt D. brachyneph-
ros AtolE FALE 0412 718 ¥ %3 D. angularis<}
D. unispina, D. brachynephros$t D. curvispina*}°l =
FALE 080149 EL RAILE R} 2ol
16%9] similarity coefficient& UPGMAY .2 A%
& A3 A vinlis section quinaria section
o2 UNAIL quinaria section quinaria, testacea,
bizonata, histrio, immigrans ET°] €AHOE clus-
ter= Aot

3. &= 2ol 16%0 U 30F 72 FHH
FAE 7122 st BARF A vinilis sectionS
ancestor PiolA EA =AU PoA ARG 13
© 2 P7} ¥ X = quinaria, bizonata, testacea, histrio
ZFo] FAHAL PN AgAF 122 Pt £A
59 immigrans ETL2 FAHJY xgol&e
ancestor PolA 2709 lineo 2 EA|HALH J
lineS vinlis, robusta, melanica FT°) &3t &
line2 quinaria, bizonata, testacea, histrio, immigrans
ZTo| £33tk E§ 1 EF vinlis ET°] 7F pri-
mitive¥ 2.2 =0 IF FAloldl= R ance-
stor’t ANS Aoz AAE

At o

B A5 A3 2AS HFA FRU%E
nFHmEEA ge BAE =Yu,
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