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BWE /DR K E(Mahonia) 2 LA R W—Ab S bR W o0 A6 &, AEdLPERBT A E A £ 8 b aids. &
MHEERMRHIERRER, 55 e THEYEBX S, BRI — MR AR A R AR B Y, THB R AR b= Fh
[T AT R TR O AR o A8 50 70 AR i S5 MR IR Th 55 T8 43 9 R Ik B AR 7 AH AN PR Bk o 07 20 . E 1T N Fe i 4
Btk b, M VR A I P A AR % B B — 2B Al S AR T I T AN B 27 (MicrophyllaZé B . JaponicaZé . Cardiophylla
k7Y, BodinieriZi%!. Polyodontazk%!., FortuneiZi fiiNervosaZs T )l it 75 41116/ A 2884 (Chochoco2k Y. Dictyota

27| VolcaniaZt# ., PumilazéZ!. LanceolataZé B MIAquifolium38R)), 3 B9+ K Th 55 & 25 40 4 Bk 2o M okis
555 1% Jm A A TH 1 43 28 R 3 Bt E e T S T AR o ) 7 0 A1 B R T K

KT FKIHR, R, A, AL, R R
BET, B0, EFE, IR (2025). 1K EONR)I S AR R, R 60, 562-572.

+ K 3h 55 & (Mahonia) 3 J& B0 - 2 3L 552
B 1) /N BE Bl (The Angiosperm Phylogeny Group,
2016), N/NEBERLEE — K& (Hsieh et al., 2022), 414
100F4, 7347 T~ AR 0 K i AT 58 KBty 149 30 Ay 42 i
HiIX(Yu and Chung, 2017), 5 87 Z: W—Jb &9
b [a] K 23 47 #% J5) (Chen et al., 2020). + K135 @ 7E L
FERFT A ZE A 4 E B A7 9d 3 (Manches-
ter, 2000; Kayseri, 2010; Kvacek et al., 2011; Guiner
and Denk, 2012; Postigo-Mijarra et al., 2014;
Huang et al., 2016; Hu et al., 2017; Doweld, 2018;
Kvacek and Teodoridis, 2019; Tang et al., 2023),

R HAEAM BT L. FE, BTF+HRI57ER
A URR R I S5 RREAE, G0 3 KO S B K ECRPIR K
TNk S, ZR/AKEIETRE M, R BTG B
B, A3, TR X T e T A ) 2K B (Man-
chester, 2001; Glner and Denk, 2012; Huang et al.,
2016; Hu et al., 2017). BEik, + KI5 @RAE )
IR T AR ST~ 5 78 W B 8] 07 70 A7 4 = 1 A i) AR R
YEWFFURTE, RIS s MR E ST, H
TIBER R I A AN 25 5 A4 o
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+ K355 )@ A A Fi A A6 55 -+ K 3h 97 (Mahonia
aquifolium) (E1). M MR T SR/NEEAR, B Inl &4
PRE, BHA, GEJLIE ;A 7R ZEF T

E1 Ry ma U S+ K Th o7
BURTEFRIE & 5 A 50 (AT 30 8% T B S el w ) o

Figure 1 Mahonia aquifolium, the type of Mahonia
Showing its morphology and habitat (photoed by Mr. Ziyu
Wang from China National Botanical Garden (South Garden).
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AR AN A, TG /N, TOUAE /N P A B S 1)
NIRRT NG I, 2 AR JEF
TAE, 2 AN AE R R AE 7 BRIEL R 7 LRk, 1E
B, HEM,; KEREMGE R O (Ahrendt,
1961; Ying et al., 2011).

TR T 57 & I R RRAE (AR BE L /N X 3
AN TG R N TR SN i 20 50k B A ) 4 )
I 5 X AU O B E ) A E] 2 52 %R (Ahrendt, 1961;
Ying et al., 2011). RKIEHIKEE, ZJEA N A E
R K 2R 7 25 (63 B ) At EL 3B HR ik 1Y 74 7 46 (38 Filr)
(Chen et al., 2020). H:H 72 77 2H 1) 4K 2 BV o3 A
TEZRIE, SUEM. nervosazy A fE AL IE PUHE; 1 6 7 41
() BT A 10 251 4 A AE A6 56 75 ¥ (Ahrendt, 1961; G-
ner and Denk, 2012; Yu and Chung, 2017).

U 53 (2008) B/ 78 &, /N ECH o /N R
EWNE T VA NI 7 NG AN AN o T N AN (R S
JEE A R TN /N 5 3R /N BB R 4 R
o B/t e 2 A AN E A, DL EHRARER TR 2L
ME TR, XX T KR35 @AY Fh R 2
A%, W DAHE LA T R B X 5. SRTM, AT HORTh
57 B A e 3%, B4R LA (Mai and Walther,
1988)4F, LK H1% )& M6 A & a2 DA A7 1) /N it B
HH A ZHRAE, R WL 5E 1) & iR A7 (Glner and
Denk, 2012; Tang et al., 2023). Xk, =2 % (2008)
P TR T 57 8 18] 55 8 R AE AN & H T A+ R

GlnerfiDenk (2012)¥ &k kK &K+ K55 &
A A A e 2R T LM, fortueni-eury-
bracteataZ$#4. M. fortuneiZ&#!. M. nervosaZi#! Al
P87 40 M. aquifolium/fremontii & 4 L4 Fh 2K 7,
Huang%%(2016) k4 + K Th57 J& it . /NG i
EANIE S R7SE A RS NN % ARV T T S
F (/N7 BINervosa. Simplex. Fortuneifll
MalheurenZ8 8!, Kb J 7677 440 A Fl DL S () 30
FERBEM o3 2,

ST, FTX ORI 5T R AR YA A I
JZRE, AL TR MR R, BAE
KR Tz a8, DU N 5% 8 4
AR DA I T 25 Y8 A e 34 I 2R S0~ b 5 9 o 1) 2 A1 =X
FE TR LR AL DG AR HE -

BEEE: +RITTRONERD I St BB ik R 563

1 MR5ERE

1.1 +RIFEREIHHOH A EREERRE
BT RO/ NEERH KI5 )8 R K BHESL(Yu and
Chung, 2017; Chen et al., 2020), 7Ei# /8 F101
FELRMAIET, &8 74600, R REfE st
TEAAE S 0 KO Bl FATE B T [ R 2 B AP 0t
FCHTAE DA AR T ) SEARBR AR 5% L & 2 ANE LAY
PRAEHE B, WSCER T+ ORI 55 JE 46 A ) i
WAE B MHEMFGET T 10080 A4 58 B 300
MrrHE B (BR324 BB R 3004 I =i - 46N BLAR )
Fh I VEAN S 2 L 48 % I (https://github.com/WDra-
gon101/Mahonia-classification-resources), ¥ 7~ 15
BRIV LI B

1.2 +XIWFEMRSEIRE
EREEH T+ KI5 B o BRI, FRATTE 5k
# EHuang%(2016)f H i)/ ke . /N SR L
TG BRI = . BTN TR AR B AR OR (R
2008), WA IEH TS oy AR R TN
bl R UG HORD W v FE U R g v it o AR 2R
b, FATIE I R AN Jik ik X B R R R Sy
I3 R o

e, AT T BT KD 5T 8 AR (B
SRUER . RJE, N T B bR HERE S N %S
(R B A, TEAS M AR 4y BUARAE B AN i 28 7Y
FIBTHRER T, FRATTHE A 73 B bR A b B MR 1)
LR EY K, W47 4iNervosaZ& A [ R ik 5 Bl N
M2 Hik, BIEE TR/ K B LN T2,

1.3 TARIFRIAFYIFE T B EERE

M AEERAE W) 2 REPEAS I N 48 B4 1 (Global Biodiver-
sity Information Facility, GBIF) (FeijoZ, 2021)F1
7 H W) A» A 1 (Chinese Virtual Herbarium,
CVH) o 3k B+ K T 55 J&@ 30 A7 9 B 1 o A $ s 42

(https://github.com/WDragon101/Mahonia-classifi-
cation-resources). 15t, MRIEEERIEYIE 2k (Plants
of the World Online, POWO)iti 5% -+ K 2h 35 J& JA7
YRR SR A A X, SRR B P R JEAE XA 1 40 AT
k. R, HvEEREEEE PR E R DR M A RID
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WA TS5 o 2 K At B Hh R 1 e 28 B VA 4 2138 11
R bR . B, I RIE S ggspatial 44K
B P R BY (RFh 3 A B b e fE L |

2 HERE59DH

2.1 +XIHFEBHEEHIHFE
TR IR T2 RO EIE . KT BREDE . $E
%, DECABIEMLEIE . — SR, TiA /N JEE
YRR, TAUAE AN ZEER AT RR; 2 AL B RTE
WY . BUY, B/RO8IE G, MREZENTIR. B
&, AR ONHDIRER T, K2 Hr A B, gl
w5, KA E, HRAEEL. STk
BEHEM, EdaEm, kS ERRAEEE, Frkch
FORECPRIK S, gk 5 TRk, =2k 5 3 ko
TR BRBENL IR G54, DY Bk R B R DY 3 T
Jok 1) X, A 4% Bk Ui B BTG, AN 43 3 (Ahrendt, 1961;
Guner and Denk, 2012; Huang et al., 2016; Hu et al.,
2017).

ROTHFAE: F ko8 SRk, — Rk =
TENK, =2 k5 3 K AI = 92 ik T B Bl AL 19X 20K &5 44
Y 2% Jhk T RS ) 1) DU 320 T2 Bk T8 X, R 2% ik i 28 s G
A3

VU7 HAFAE: KON BDIR K, ko 5
TENK, =2 k5 3 K AI = 92 ik T B Bl AL 19X 20K &5 44
VU 252 J5k TR b 0 D0 ) WO 32 702 ok D) X, R 0% ok e 2 BT,
AN

22 +XFRHASEGR

BATIEE 34 T+ R Th 57 @46 N BAF R i 7%
BRHE, St TEANF NG N
EL N1 1R 5 2545 B (https://github.com/WDragon101/
Mahonia-classification-resources). &4t, +kIh55
Ja& B ILAR A ot T AR 9 3= Jok 5 Sy 25 bR ik mR AR bk 4
NZR T ARG J5 40 . 2575 2Bk M. microphyllagt, BT
Yodh 5 Bk 765 4HBRM. chochoco4b, B4
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157, PO R ik U b T5MM A 24, AT
SHIYIFH 1014

HE—30 DL T8 LU RS, ISR 21 R 7 4
TN EAZ TSHAT R, H 5N FP /N
KN T2, HR12DF K58 AN T2;
R A R 2 TR, A3 R
/N B8 /N T2, 3R )N K BE EEAS N T4,
O /N B LA T 242 18] . P 5 L Al
ViU T 502 ARl LN K B8 LE AN T 25 1R
W GHA D T 5111042 Ff b A 44 W0 i) /s i K
Ho/NT2, HAR6ANWIFR /N K 5 LEAS /N T2,

B, DU/NI O e BE AR, TSR B0 AE AR 7 4
o, NS Z T5. KT N T 2195
YRR EELTRRKHESUEK, AP
gy, A= ARG EAZ 5, MK FELL
AN T 209124 W) Tl G 24 W Bl () O o BE /N T
2 mm, HAR10MMI R S AN T2 mm, AJAHR
Gy N2 NN R T 5 AN SE LN T2163
ANFR ) v FE A S EEAR AL, A2 Ao
B EZ 5. NS AN A 3R ) Vi
FE)/NT2 mm BAR R ya B AL, nTIRR—28; /N
RN EZ T5. NS A T-2—4 2 [ 119N P Fol
o, REE AR R EEA N T2 mm, (HEA]
WA REEE K, BEEC2a KW, kX9
AR RN FETE A, NHARL B> T5.
AN 5 /N T 2892 0RO = BE RN T2 mm,
AL =2 AN R > F5. /N T EE /S
T2 R B 2R U S /N T2 mm, 24
YR = RN T2 mm, BN N
BWEATFE K5 LA N T 2064 F 1 3
AR N T2 mm, 3R s AN T
2mm, ZalHAN—2K.

FATHE B B+ KT 57 & i g B bR AR S
134 (2, E3), ARk e, oK
T Ja& v] 43 9 Rk =X 2R T 28 (T 2A) 70 2R AR ik =X
(76 77 2 (EIBA) . FRAE N FE L. SRR K it
GvimE SRR S, PR THS NT
ANER(E2). TG54 J96 0 (E3).
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1. Microphylla2$ % (M. microphylla): ™ fik fik 7
NEARNK, /N 24 2 (E12B), /N EG I A
N2,

2. JaponicaZt7l(M. napaulensis. M. decipiens.
M. japonicafIM. longibracteata): M-k ik ARk,
ANt R, ORI Z T5, M KFE LN T2
(KI2C), himEAE R uER R, AAET mmE][12 mm,

3. CardiophyllaZ$Z(M. sheniifiiM. cardiophylla):
KK IR, Nt Bk, SR £ 15,
AN LEAN T2, YR /N T2 mm (E2D).

4. BodinieriZ& 1Y (M. bodinieri. M. oiwakensis.
M. nitens. M.
imbricata. M. subimbricata. M. sheridaniana. M.
philippinensisf1M. monyulensis): ik Ik 7 A F IR
ik, /ANt E, FAREBA 2 T5, KL
ANT2, immEANT2 mm (BI2E).

M. bracteolata. M. breviracema-

BEEE: +RITTRONERD I St > T ik &R 565

5. NervosaZs%! (M. nervosa. M. retinervisFIM.
conferta): ik k7 A ARk, AN R, Rk
Wi Z 15, MK TEE/NT2 (KI2F), s R A4
0 B, EEAEHE1-2.5 mm.

6. PolyodontaZs %! (M. polyodonta. M. cala-
micaulis subsp. kingdon-wardiana. M. gracilipes.
M. leptodonta. M. duclouxiana. M. taronensis. M.
paucijuga. M. fordiiflIM. hancockiana): M ik A
BORBK, g AL, BN E T5, MK
EEA/NT2HA KR T4 (E2G), B KE &AL 7
JLREIEK, MAE0.5 mmE]5.5 mm¥f, {H A
FEFE1-2 mm.

7. FortuneiZ&Z4(M. fortunei. M. eurybracteata
subsp. ganpinensisfIM. setosa): M-k ik /7 N IR
Jik, AN EAL, RO T5, N EEA N
T4 (B2H), HoimERRITH R/ —H, @
N1 mm.

Untoothed m Toothed
<5 Number of >5
li teeth per side —|
Group <2 wli-(?tﬂgrt:t-io 22 <2| Length- |2
Orientales width ratio
<2mm| Size of |22 mMm s4| Length- [>4
’7 teeth _‘ width ratio
Microphylla  Japonica Cardiophylla Bodinieri Nervosa Polyodonta Fortunei
A B C D E F G H

B2 A+ KThT7 R AR5 e P A ARG 2R 1 B 2 4

(A) ZR7H M BB (B EHHuang®s, 2016), 2285 R A SR BT HKT), KO E (g T )L IE B =Rk T )2 %R
REFIRGERY; (B) MicrophyllaZé#id; (C) JaponicaZé#!; (D) CardiophyllaZé#!; (E) BodinieriZé#; (F) NervosaZ$#l; (G) Polyo-

donta$%; (H) FortuneiZs#y

Figure 2 Retrieval and line drawings of leaf types of the Group Orientales in the genus Mahonia

(A) Group Orientales leaf types (modified from Huang et al., 2016), with red lines indicating basal palmate venation (primary
veins), purple and green (secondary veins) as well as blue (tertiary veins) lines indicating festooned structures; (B) Microphylla
type; (C) Japonica type; (D) Cardiophylla type; (E) Bodinieri type; (F) Nervosa type; (G) Polyodonta type; (H) Fortunei type
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1. ChochocoZ %4 (M. chochoco): M-k ik 5 )
PRIk, bt 242 (K3B), /N e Ll 7E2—4
Z ],

2. DictyotaZ& (M. dictyotafIM. alpina): " fik ik
FFRRR MK, AN 2 Bk, A T5 (KI3C),
i AR R E EROR, @ E AN T2 mm.

3. VolcaniaZ&Z (M. volcaniafIM. repens): i
JK K PP A SRRk, N LU, AR A HOAS D T5,
NN T2, RE /N T2 mm (E3D).

4. PumilaZk B (M. pumilafiiM. gracilis): ™k fik
F ORIk, At Bk, LR A D 15,
MK FE R ANT2, WEEA/NT2 mm (EI3E).

5. LanceolataZ$%!(M. lanceolata. M. pallidafl
M. hartwegii): kK7 A PR Ik, /N2 5
RIAREANDTE, MK BEEANT2, s T
2 mm (&3F).

6. Aquifoliumz5%! (M. aquifolium. M. pinnatafll

Untoothed

M. moranensis): MRk ik 7 PRk, /b2 ik,
TIHREAND TS5, DK EANT2, RS AN
F2 mm (EI3G).
3 itig
3.1 +XIWFERM A SEFHER
BT+ KR35 JE 46 IUAE Y Bl ) i R HHE, R
ATdg /N KK, 23 A L SRR R 2R T AL 3P
RIKEIPET7 40, SRJGHE T/t 288 i i 4.
W RN SE L, EATA R R, @A T
ZIE I o AUA RIF R R R (R E).
FEFRBK I R T b, ARG/t 2R A W] 4y
SR/ 2 i MlicrophylaZ$ 28 (1 2B ) Fl /N I 25 EL
PIH TR WRIE/INH SN EE S 2 T5,
A5y N2, B NEL A 3N R AL . RN S Al
WA Z TEREA F, N5 LN T 2100
JaponicaZt (K 2C), M Cardiophyllaz& i fn

Toothed

Group
Occidentales

<2 mm

Chochoco Dictyota Volcania
@ 1%
A B

C
B3+ KThTT w5 2H e P ST B A 2R I B 2 4

Number of >5

teeth per side
<2 Length- 22
| width ratio
Size of |22 mm <2mm | Sizeof [22mm
teeth _| teeth _‘
Pumila Lanceolata Aquifolium

(A) #J7dnt /28 (2 H Huang®%, 2016), Atk 2R TNk, 5K PRIk (Z 2K F); (B) ChochocoZé#d; (C) Dictyota
27, (D) VolcaniaZkZly; (E) PumilaZé?; (F) LanceolataZi%!; (G) Aquifolium2& 7

Figure 3 Retrieval and line drawings of leaf types of the Group Occidentales in the genus Mahonia
(A) Group Occidentales leaf types (modified from Huang et al., 2016), with red line indicating primary vein and green lines
indicating pinnate venation (secondary veins); (B) Chochoco type; (C) Dictyota type; (D) Volcania type; (E) Pumila type; (F)

Lanceolata type; (G) Aquifolium type
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Key 1 Key to the 13 leaflets types of Mahonia

0. (Group Orientales) Venation: Palmate:«««---««xx-seeeeereeeen
1. Margin untoothed <«
1. Margin toothed e reererrerrrm

2. Number of teeth per side less than 5--------eeeeeeeeeeeeene
3. Length-Wldth ratIO |ess than 2 .............................

3. Length-width ratio no less than 2 «+------eeeeeeeeeeenns

4. S|Ze of teeth Iess than 2 [00] 00 EEERE R T PP PR

4. Size of teeth no less than 2 mm ------eeeeeeeeeeeees

2. Number of teeth per side no less than 5---------eeeeeee
5. Length-Wldth ratIO |ess than 2 .............................

5. Length—WIdth ratio more than 2 ...........................

6. Length-width ratio no more than 4 ----------------

6. Length-width ratio more than 4--------eeeeeeeeenee

0. (Group Occidentales) Venation: Pinnate «---««««--exeeereeeese
8. Margin untoothed <«
8. Margin toothed e eererrrem

9. Number of teeth per side fewer than 5 --------xeeeeeeeeeee
9. Number of teeth per side no fewer than 5:--------------
10. Length-width ratio less than 2 -----xeeeeeerrenneeeeen
11. Size of teeth less than 2 mm «++----eeeeeeeeeenns

11. Size of teeth no less than 2 mm ------eeeeeeeeeeeee

10. Length-width ratio no less than 2 ««««-+---roeeeeeeeee
12. Size of teeth less than 2 mm «++----eeeeeeeeeenns

12. Size of teeth no less than 2 mm ------eeeeeeeeeeeee

BodinieriZ& B {1y /N K B LU A /N T2 MR U i
A 4> % 15 = FE AR T2 mmf Cardiophylla 2 4 (1]
2D)F1k = AN T2 mmEd BodinieriZi B (EI2E). £
AN SR GE Z TEIR ARG, AN BE LN T
2 {11 A5 Nervosa 2% 4 (15 2F), Polyodonta 2 %4 Al
Fortunei2& M i /NHK 58 LA /N T2, #E—25, Pol-
yodonta & & (& 2G) i /) i K 08 L AN K T4, T
ForutneiZ$ 4 (K 2H) it/ ik K 56 Le K T4
FEPPIRIK R a7 2y, AR /N I AR AE 4 H
/NI 4224 ) Chochoco S 7 (I 3B) Al /N i I 25 L 14 )
HusM KA, W TR K57 E e, i)
PN ARG HUR TR/ T5, Ty 22, NI
SRR T 52 B A Dictyota2S B (KI3C) . 1
FHAORHA D> TERIEA , ARAE N KR TN T
2, AIGY N2, R A E 2R, TR/ K B L
AINT20 2R, M ZdiE AR T2 mmi i Volcania
FAY(EI3D), i 2 i i FE A T2 mm g Uy Pu-
milaZE B (KI3E). 7E/NHHK 58 LA /N T2/ 28 8, i

BERE: +RITTRONERD I St Uik R 567

.................................................................... Lanceolata type
..................................................................... Aqu|fo||um type

205 K T2 mmif)ALanceolata2é 7 (EI3F), i
Gtk = MK T2 mmf A Aquifolium 252 (K 3G).

32 WETXIFEEMH AR A BRAyH IR
i TN 3
MK Th55 Bk E, %8 NI o Atk Se
Kt VAU FH 2R I K it B ), 52 L 7R 1) 2R W — 6 3 78
BRI W AAs s . ARAE KA, 2@ nT o N AR
Jik P A5 T R B PR K v 7 4H . o, W7 AN
A EALSE VOB (P 2), 322 A 75 I 25K 7E e i X
5 [E U AN S5 PE BRI N; TTAR 7 A8 KR 3 A AT AE 2R
TR B (M E3), EE M B, DESAAIEIE
BT APE BIEE. BREE KOOI IESEE N, R4
B 1A (M. nervosa) ) Aii 76 35 [ 18 55 (Ff 2) .
RIT T W v 2 B35 43 A7 45 2R 0 7 ¥ (P 1 4)),
X NervosaZ& ][] i 73 A 75 4= TV 7 30 (B 1 10) b 52
PEER(F EI9) . A ATE F HF, LI o A va
AR/, e BRAE Hh ] VG g b X (B L B), T BT A D 28 2
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(1) 3 A7 9 FE AR (P I B—F 1¥12)

AHAT 16 77 20 HL AR 5/ I L UG 1R 2R 28 ([ 11 3),
%% 4= 2 ) Chochoco 28 A 7 A1 78 [l i /)y, 32225040
15 SR P EFE FE O (M E14) . M2 B U8 A H, [H]
FEAAE 55 P8 B B 3 20 A5 1945 Lanceolata 2 2 (Fft 1]
18), 1Hi%Z% th.ChochocoZk Y i 43 A B A » 3 AT
0 [ 5 ) (1) /2 Volcania 2 24 (Fff & 16) Fll Aquifolium 2
A (P PE19). DictyotaZk A PumilaZ 7Y {4530 14 41
Ik e Y A M R (BI3C, E), BB AT 23 A5 5t Bl 40
e AL 15, HE17). [F#E, VolcaniaZ B Al
Aquifolium 2 B 1) /N i B LU A4 1= 5 2504 AH [R] (1]
3D, G), {H'EATHI 5> A0 ¥ Bl 2 AL (P 116, B I
19).

23t oy e & B R ) A L, 3R
AT I 2R J7 4 53 A7 3 Bl B8 5 5 1A s 2 (1 384 Jon o 38
Ko B, AN 2 242 Microphylla
FAY, AL An A v E P R AR (P EI5); R St
FEMK T2 mmfiCardiophyllaZ&#!, [&]#E 4> A7 7€ o [H
Vi HLIX, LEMicrophyllaZs & (1) 43 4 X A K (B &1 7);
HARSAMZ ik m MK T2 mmif e fr 2R (1) 5 A
YO, (R A R R R T R S X (B e, B A8,
I P10t B 12), BNervosaZ&BL7E L2 Th A 7
A (P BE19) o 78 77 2543 A7 3 Bl B A6 P 14 450 ) 38 o i 14
Ko B, srAnia /N2 242 1) Chochoco
KA, ALy AT AL S5 P R T (B R 14); H R it
Vi %> T 51 Dictyota S 8, Z R HBR T 40 Aii 75 52 Y
BV BRI Ah, 3443 A A5 35 BRI AR JE M (P ] 15);
H R4 ZAb HOA D T 5 8 o3 A Y K
DA Volcania 2 74 fi1 Aquifolium 2 1 43 4 ¥ Bl 5 K (W4
KI16-F1E119).

3.3 T+RMFEHEHSBREREXAHRS
B PR

KI5 JE A A g B T A B B Glner Al
Denk (2012)# 1, MR 1A 2 18] 1T A AR,
% B I A BRI R BN R, BFEM. fortue-
ni-eurybracteataZs . M. fortuneiZ€Z!. M. nervosa
KA M. aquifolium/fremontiiZ& ! A1M. haemato-
carpali !, H i3 /M NARTTHKN, F2A A TT
HEM, EREERE, R+ RI 57 RFh R
Z(Yu and Chung, 2017), M. haematocarpaZ& 2 [t

A 1R VA 2 ) 40 B & (Doweld, 2018). [ J&, Huang
Z5(2016)44 K Th 55 J@ 25 7 L A R g A
Fr (/)57 BlNervosa. Simplex. Fortuneifll
MalheurenZ& %Y, HR P 75 J7 4HAG A Fh LA S & 1
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New Leaf Architecture Classification of Mahonia (Berberidaceae)

Bailong Zhao" %3, Yeliang Li*, Yufei Wang" %3, Bin Sun™?

'State Key Laboratory of Plant Diversity and Specialty Crops, Institute of Botany, Chinese Academy of Sciences, Beijing
100093, China; “China National Botanical Garden, Beijing 100093, China; *University of Chinese Academy of Sciences,
Beijing 100049, China; *Henan University of Chinese Medicine, Zhengzhou 450046, China

INTRODUCTION: Mahonia (Berberidaceae), a basal eudicot lineage, ranks as the second largest genus in the family,
comprising approximately 100 species distributed across subtropical to temperate regions of East Asia and North Ameri-
ca. The genus exhibits a classic East Asia—Western North America (EA/WNA) disjunction. Notably, Mahonia preserves
abundant leaf fossil records in Cenozoic strata of the Northern Hemisphere, reflecting its prolonged evolutionary history.
Characterized by distinctive foliar architecture that differs markedly from other angiosperm groups, this genus holds sig-
nificant potential as a invaluable biological proxy or model plant for investigating the formation of intercontinental disjunct
distribution patterns. Its unique morphological traits and biogeographic history provide critical opportunities to trace ge-
nus-level morphological evolution and spatio-temporal dynamics against the backdrop of global tectonic movements and
climatic shifts.

RATIONALE: Through comprehensive morphological surveys of extant Mahonia species, we established a novel leaf
architecture classification framework designed for application to fossil leaf typology. This system aims to elucidate the
genus’ foliar evolutionary trajectory since the Cenozoic and unravel the historical processes underlying its intercontinental
disjunct distribution.

RESULTS: Traditionally taxonomist divides Mahonia into two groups based on venation patterns: the palmately veined
Group Orientales and the pinnately veined Group Occidentales. Building upon previous studies, we analyzed leaf archi-
tecture across 46 extant species and developed a refined subclade classification system using four diagnostic traits:
leaflet margin type, serration density (teeth per edge), serration height, and leaflet length-to-width ratio. The Group
Oriental was subdivided into seven foliar types (Microphylla, Japonica, Cardiophylla, Bodinieri, Polyodonta, Fortunei, and
Nervosa), while the Occidental clade yielded six types (Chochoco, Dictyota, Volcania, Pumila, Lanceolata, and Aquifo-
lium), accompanied by a diagnostic key. Distributional analyses revealed that within Group Orientales, geographic range
expands with increasing serration height, whereas in Group Occidentales, distribution range correlates positively with
serration density. The framework’s utility was further validated through taxonomic reclassification of two disputed fossil
specimens, demonstrating its applicability to paleobotanical studies.

CONCLUSION: Our refined foliar classification system for Mahonia represents a significant advancement in precision and
granularity over previous systems. This framework holds substantial promise for standardizing Cenozoic leaf fossil ty-
pology across the Northern Hemisphere, while providing critical insights into the genus’ foliar evolution and the historical
assembly of its intercontinental disjunct distribution pattern.
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MiE 1 L. Mahonia napaulensis ) PE01034798 FrAs /& = $di R 4T %
Appendix figure 1 A PE01034798 specimen from Mahonia napaulensis is used to illustrate the data collection process
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Appendix figure 2 Distribution of extant species of Mahonia on the North American continent
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Appendix figure 3 Distribution of extant species of Mahonia on the East Asian continent
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Appendix figure 4 The overall distribution of species of the seven leaf types in the Group Orientales of Mahonia on the
East Asian continent
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Appendix figure 5 Distribution of the Microphylla type species in the Group Orientales of Mahonia
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Appendix figure 6 Distribution of the Japonica type species in the Group Orientales of Mahonia

MiE 7 +K3h57 /8 75 /540 Cardiophylla 2B oy A1 15
Appendix figure 7 Distribution of the Cardiophylla type species in the Group Orientales of Mahonia
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Appendix figure 8 Distribution of the Bodinieri type species in the Group Orientales of Mahonia
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Appendix figure 9 Distribution of the Nervosa type species in the Group Orientales of Mahonia on the North American
continent
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Appendix figure 10 Distribution of the Nervosa type species in the Group Orientales of Mahonia on the East Asian
continent
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Appendix figure 11 Distribution of the Polyodonta type species in the Group Orientales of Mahonia

MIE 12 K ThJ57 8 %5 75 4 Fortunei 28B40 73 A7 17550

Appendix figure 12 Distribution of the Fortunei type species in the Group Orientales of Mahonia
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Appendix figure 13 Distribution of species of the six leaf types in the Group Occidentales of Mahonia
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Appendix figure 14 Distribution of the Chochoco type species in the Group Occidentales of Mahonia
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Appendix figure 15 Distribution of the Dictyota type species in the Group Occidentales of Mahonia
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Appendix figure 16 Distribution of the Volcania type species in the Group Occidentales of Mahonia
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Appendix figure 17 Distribution of the Pumila type species in the Group Occidentales of Mahonia
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Appendix figure 18 Distribution of the Lanceolata type species in the Group Occidentales of Mahonia
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Appendix figure 19 Distribution of the Aquifolium type species in the Group Occidentales of Mahonia
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