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O3 AE AL H A DL K F I 6 T IR 0 I 9 BT B ER
¥ & (Farjon, 2005), H d, £ EH L ™ K M
Chamaecyparis thyoides (L. ) DBritton, Sterns et
Poggenb. J3Aii T4t 38 75 &8 4 M b 3 2 fh 2 HL ik
M — 5 £ B A8 Ch. lawsoniana ( A. Murray)
Parl. JpAii A6 36 74 AR 8 X R 5 2200 1) 46 JE Ik
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Endl. 73 4 F H A8 4 M o 5 3 4 X5 H A A0
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Matsum. 7045 T3 E 1, 2 3 E /Y 554 B F (Fu
Liguo et al. ,1999;Farjon,2001) (£ 1,18 1).
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1 HERMEMESHREKRKE
Table 1 The geographical distribution and habitat of extant Chamaecyparis

il BB DAY AR 2% 30k
Ch. thyoides A6 35 7R, 36 [ 40 R M AE R 2= 06 P LGk T 2 N TR Farjon,2001,2005
Ch. lawsoniana B S5 VG R L & FE AR XN T 3 A AR JE S AL R 15 % T Farjon,2001,2005
Ch. pisifera HASA I o 7 ik 1% ) Vi Fu Liguo et al. ,1999
Ch. obtusa HA HEHEGE Vi T Vi Li Huilin,1975;Fu Liguo et al. ,1999
Ch. formosensis  E G 7 TSR WINE . 2% Li Huilin, 1975;Fu Liguo et al. ,1999
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Fig. 1 The global distribution of modern and fossil Chamaecyparis ( According to Table 1 and Table 2)

. S e HE TE F L Al kD . RN
L AR e fiic x50k FOW R W B WL A M E k7

HArm ik miE e a NE L 258 mMaty  Ch. corpulenta (Bell) Mclver ¥ 2 i 41 fix 7 1916
Al AR HACA DV SRS E 2 28R A RO ALk BN S A Ch. nootkatensis (D. Don)
A (K 1:% 2), A Fu Liguo et al. , (1999) fiy Spach AL (Mclver, 1994) ,{H & 5 1 i BF 5% 3% 3 A
WIS R, R A S B 85T L 38 56 A, AR g A Ch. nootkatensis ANFF 45 J K1 JE 14 R AIE 5 R 4% AL
KOV HEBL—F- s /S BT R gt BRI s EE R B TP BB BR (Jagel et al. ,2001;Farjon et al. ,2002;
GRTE , 0 it X 37 B T 5 O A [) ok A BR A B A T Little et al. » 2004; Xiang Qiaoping et al. » 2005),
R0 HERS 3~4 b s B A MEBR IR B BRIE A7 MHOCHF IR & Ay % Ak A il L F0 5 22 R R i B0 A o
3~6 XF 238 BLXF AR A R R SR L G TR L AR R g —i2 M R M JE P B8 BR (Kotyk et al., 2003; Liu
BNIEL EBRREEE 1~5GER 2)RM . F 7 Yusheng et al. ,2009), 28 HA&Z 1%L A Fh bk T i Bk
PRI ELAS 3. 6T DL B brde, RSO mAE I SRR AR B/ R B DA A FRIE Y
KA AL SEIEAT T 0% G Mo AT . EEBEEEORAE  mAE PR IE AR AT L AR SCTE I AR B 2 Ak A Rl K a0
AEEBE R BRI E RS T A, o, AmAa R SEfb Al . Har. st f
o1 F AR P R T AT DA R A FE SR M B SR 0 B R N SR PH A R S
PLIX Y, 8O FRS A6 A2 TR AL B R FEAR G J2 Chamaecyparis sp. s i A QA7 R 47 A7 HE Bk R
A AR i Ak A DL K 38 ) Fh 7 (Xu Xiaohui et al.
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2018) . w4k A 32 5% B [ BH AR AS LLAE 72 3 15
VU489 f 37 T 30 R A B ek R b 3 = v
WAk TiZJEE FF o B A IRIE (Sze et
al. ,1954; WGCPC,1978;Guo Shuangxing,1986),

WL AIC SR E L R . 7R3 E MK
B 400 R0 0 RS 30 B A FE S 1 5 2 B 1 b )2 v g3
A k& B3z @ ) AL 4k A (Leopold et al. , 1972;
Dillhoff et al. ,2005) . 77 i 4L B9 fb 470 % 44
A7 B 52 B 1 24 T8 BT N8 R AU AR A & i T i
JEZ#) Ch. eureka Kotyk, iZ M 58 B i (- 77 T & S 4k
LR BR SR R 7 A7 (Kotyk et al. ,2003), 7E3
FEREZ hir 22 0 L 22 vl 1 2 b Ok i R A
o8 B 1Y e A JE B R IR R AL A WA 4
Ch. linguae folia (Lesq. ) MacGinitie (MacGinitie,
1953) . Ak, RAE 19 el A2 F 7E [ R 4t
Hidl 8 ok DR A 88 BB R B A AT Che europaea
Saporta, iX 1 & % J& 76 BX I &% - 09 16 A id &
(Saporta, 1889),

el ®BEE O HZ B aMiss
BUAERD 3 ARl . AR S [ b )2 b A Al
A7 S R SE A R 2 36 [ A Ch. lawsoniana
(A BL R (Smiley et al. \1981) . 7EMRY 17 12 Hi /R
XoHr gt )2 & B R 7 4k 1 Ch. wralensis
Dorofeev #% 1A N5 H &K g #1 Ch. obtusa = 3 % 1]
(Dorofeev,1970) ., k1 Fl Ch. salinarum Zablocki
emend. Mai 7R AR A 3, 78 35 2= 7Y b g ik
A E T 3 2 A e i 3 I Y L BB T 2 R
3l L i H A A A A Ch. obtusa + 43 #8L (Zablocki,
19303 Chochieva, 19753 Mai.2004) , 14k 75 % Ho 37
AR R T BAE M R IR 2 H R
(aa < I | A w1 = e L/ (N I/ NI 4 A
Ch. pisifera B K - Fi1 Bk 3 4k A (Szafer, 1947;
Miki, 1958; Chochieva, 1975) ; 7F 3¢ [# 74 %5 . 14 [ 1)
17 S TR | | N 5 N = S S Y
Ch. lawsoniana W 2 3+ #% ‘B 1t £ (Straus, 1952;
Axelrod, 1962 ; MacGinitie, 1962; Wolfe, 1964 ) ; 7E
HAS M &35 W F R i 2 b B 5 Che obtusa 1)
B Ay E OMOME I OB & B b A1 (Miki, 1958;
Chochieva,1975) ,

55 VU 20 i AR AL A L A 2 AUTERS B
A B i 3 2 R B T 5 Che obrusa # BL Y
Ch. salinarum WA 4G UL M Ch. pisi fera WAL £ 5 75
A ROM LA B 1 M = A % e R SR A E AR E
(Chochieva, 1975 ; Martinetto et al. ,1997),

P ATIE s B M S S0 A 32 20 A AE L
= BRAME I L BRI Lz b 5 A v e 3 B M X A
T BB E Mz M A R 2 (] 1:3% 2).

2 Ji R B A= v PR A D s

HE ) AE 2R S AN AL 56 22 18] [ 8 53 A A A5 2 — A
2 W AR ) b B0 A B4 L T IX MR R I AL 56 22
[ A AEARUAE P X 2R I R 7R 19 203k & & 9E
B AR 2R 2 At 28 0 i ) B — A2 B A ) 43
KK UL S A Y b B2 58 0 O M AL A A )
T8 3, 52 I 3 B 6% 75 AR S AN AL 3¢ 22 18] B 32 JF XS
AU FY) 6 R NI ) AT R R IS . 2 BT 9T A
SRy 3 Ao g AT A ot H T T A AR A S R
Z 1) 38 2ok 4 Bl 7 AL DRV v B A AT A b A2 i T
T i 10 45 B (Boufford et al. , 1983; Tiffney, 1985;
Xiang Qiuyun et al., 1998; Manchester, 1999;
Tiffney et al. ,2001;Wen Jun,2001),

A Ic sk WoR L 7R 30 5T Py s R A A
Z I T2 o0 A T AL BRI K Rl Ao b 36 . %8 B
R A e BT B P 5l 1 B AL 2 R (T8
2a; Xu Xiaohui et al. ,2018), [EMHIrARE T Z)E
AL 2R e, B 1 5 0 A 346 38 09 3004 3 A A
Ch. lawsoniana B R FAL A FR M (38 25 Xu Xiaohui
et al. ,2018), BLAb, 43 F AW B b 58 R WA L B
FIARNERE 1Y 7 22 B0 A T8 7E 5 3 1 B L2 f6 B
B HARJE T W, Z J5 28§ 82 b 38 I (Mao
Kanshan et al. ,2012), {H2&H T 487~ T & X
o & BHE A M B 2 B A B Che corpulenta
(Bell) Meclver J2 fij #1J& fie 5 i A A7 10 5%, {4550 7
A= e i I 5 4 R R AR e AR Z [ AF AEAS — 2
P B 5 e T PH At 5 T R e A e A A
fO 0 B — 2D SCHF T e A W B B 5T 45 2R (Jin
Peihong et al. ,2017; Xu Xiaohui et al. ,2018), 4
SCH A AR T 1A W) 2 TR A LA R A A T 4 HE D
e AR AR AT REAE L R I TR X, 2 )
b 1 R e R T AL R LRI X
&5 Li Jianhua et al. (2003) F] F #LA% 4> T 4= 9 2
J5 iR 0 56 T i A R R R 1 b — UL A —
2, it 5 Mao Kanshan et al. , (2012) 2 FHIAKR
O AR 45 it A7 B 7E P AR 22 Je S 15T I ) X ) F
FHR—E

TR I e B R L O S A B TR
IRF DL 56 [ 74 ¥ RN 2 K S s R4S LU I A R R R T
M JZ 5 53 AN S IAL AR & v 46 7 1 3 )2 b A
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Table 2 The reliable macrofossil records of Chamaecyparis
A A7 b TRAFET AR ABL 4 0 A= Fel i) AR 22 CHk
Chamaecyparis sp. | #M BRI Fp T |Ch. lawsoniana ,Ch. pisifera e BH NS R Xu Xiaohui et al. ,2018
Ch. nootkatensis (=
Ch. corpulenta At R E Cupressus nootkatensis = N R (A e 1 S - Mclver,1994
Xanthocyparis nootkatensis)
Chamaecyparis sp. AU — [ ] py i & i Guo Shuangxing, 1986
Szeet al. ,1954;
y 2 " — 1 GRRLNNIw Th
Chamaecyparis sp sl o [ W R GR [N NN W TR | WGCPC,1978
Chamaecyparis sp. Kot — 5 E PR N LR GE NI Leopold et al. ,1972
Chamaecyparis sp. B BREE — NE K358 B LT BB ET T e St Dillhoff et al. ,2005
Ch. eureka A BRI R Ch. pisifera JE N ] dr BA Kotyk et al. ,2003
Chamaecyparis sp. A 5k B 7 BT JR 7% T Rayushkina, 1979
. - . EKEB PR LM T L MacGinitie, 1953
Ch. ling [ L S5 Ch. laws N
inguae folia A BRI 1. lawsoniana SR M | e ek L Axelrod. 1962
Ch. europaea /AR — ¥ W65, V87 3 1 Saporta, 1889
Ch. cf. lawsoniana At Ch. lawsoniana 2 EH Z kM o Smileyet al. ,1981
Ch. uralensis Fh Ch. obtusa R THEE o Dorofeev, 1970
P OB Zablocki, 1930
Ch. salinarum BRR Ch. obtusa R PN H 3 g 2B Mai, 2004 ;
75 0 L i Chochieva, 1975
Axelrod,1962;
Ch. lawsoniana isaud Ch. lawsoniana ik A e OB T BB Xe‘r'o. .
MacGinitie, 1962
W= et 2 R Szafer,1947;
Ch. pisifera L BR S Ch. pisifera H 4 IS piin Miki, 1958
S =A A T U = R A Chochieva.1975

VW B Sk 5 T (Liu Yusheng et al. ,2009),

R A A B HRIE L WU ¥ TC G R A Al sk . W
% A A 7E 2 AR i BT R 28 X DL B 3
BB R 2 M A 38 . 3% 2 B J B4k A a0 % .
Hrop LA 3% A AL 38 SO LR 7R 3 X AR 21 1
B mRE WA EFEraids. wirad
2 TR b I 0 Y A S AR ) S T R R T B 2R
{4 (Scotese, 2002; Liu Yusheng et al. ,2009), H T
6 A AR T IR 2 (5 32 I AR ) 1 L T B 2 i
RACHAE S (B 2b)  AEACARRE & 46 B g A A /9
PR W% 8 AE v Bt E A AE T AE S AR LR v 2
H1IX (Kotyk et al. ,2003) ., Jwi A1 )8 1k 3 7€ 35 FH B 2
P22 PR )2 1 R R B R e I 22 5 WA
To1) 1 47 JE 1) HA v Tt I AR G 36 DY A A B T
2 mAE B il R AR D, Bl 5 B
A% (B 2e~d; B 3) . dESEARE H A= i A8
A AT 10 55 AR I 322 XS8R 1) i AT AR ) T REAT LA R L
FoR I . Dk BHAL L PE R @2k AR @R AL %
LRI . AR OGRS R WY A 20 R R i 4t b
56 7RV T 2 1) A ) S L A AR M S TR A A i 4
R R R ZE T PR R U T 5 R
JEL 4 J& BT I 20 W60 S0 R 2R DY 40 A AR Ve AF — AR A I
A ROBE 1E T b 256 AR P AR P 18] 19 52 (Tiffney

et al. ,2001;Liu Yusheng et al. ,2009), FHirZdt
& FRR YN 2Z 18] (4 A 4 PT LA o AL oK PG e Bl A7 14647 28
Uit » A6 38 2R 0 BEAE I AT IR AT AT RER UL T MU L LA
AT RE S H1 20 A T b 56 o 4 B b IX B0 b 2 ) B O B
MK .

DY 5 SR AT B AR i AL TR AR ) 5 AE LR T LA
JEARFE A IC . WO Y i R AT BEAT A OR
5 s — A2 DAL 58 38 A A R PG P Bl A 1% 4 i ke L PRy
E 7 3 22 WO R 56 5 2 5l /0 b 3 2o 4% B = 15 A %
Feo R AN E R AUAHE & v b T e AN BT 4
R R B SR T A X — AR AL R A T REME s LA
PRI Rt e 2 b A BT B A T 35 E S AR
Ch. lawsoniana WA . W X S5 A B s AR 42 41t T
fb A uEHE (Straus, 1952) . 5 — 42 52 7R T 4t
DX AL 1 T A o 117 2R 0.5 DU 22 [ L 00 1 58 O 22 /0 2
R T P R 55 98 Wk P 5 22 J5 A A AT RE (B 2¢5 ]
3a) (Scotese, 2004) , M & 17 Bl /R Z& Hhy X ¥ 42
(1) Jt A1 )& A A AR 7T BB J2 % J8 AR I ) VY A B A R
fs 5B A T B Ch. obtusa ALK AL £ Ff
Ch. uralensis F1 Ch. salinarum 4y W 1E R 2 W 5 $if
IR ML DX RO o DA B b = M 3 R 20 b 2 Y
I HE — 2P UE S T RN e A1 AR I e 122 [B) A7 TE
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Fig. 2 The global paleogeographic distribution of published reliable fossil records of Chamaecyparis
(Modified from Scotese,2002)
() —J [ FE A (2 105Ma) 5 (b)— I T ik (25 50Ma) s (o) —# it () 35Ma) s () — 3 42 (44 20Ma)
(a)—Early Cretaceous (approx. 105 Ma) ; (b)—FEocene(approx. 50 Ma) ; (¢) —Oligocene(approx. 35 Ma) ; (d)—Neogene(approx. 20 Ma)

YIny 5 & (£ 2; K 2d) (Zablocki, 1930; Dorofeev,
1970; Chochieva, 1975 ; Mai, 2004) ; it 4b » B 43 4 F
R Ch. pisi fera 16 RRIN BT 58 b B 58 2 58
Girp BIA R AR HAS BB 0 E ot )2
Ch. obtusa fb A1 W) HiRIE . DL e 86 5 02 4 e A0 @ A
WIAE 25 0. 55 BRI 2Z2 18] 1) 28 I FA% # S it T B 2091k
AU (F 2; B 2d; B 3b) (Szafer, 1947;
Chochieva,1975) . 534, Jm A0 & 14 A7 7€ K B3
b2 e B T 3 SR R AR ) A KRG
H X AT A 43

i BV W AE AR W M X BN A T H ARG
TR I W E I — B B Z B R R LA S 7E R I
XA AL . A0 A T A i rp [ b 5 H DR U DA
Ji o BT Ty At 3 R0 RR U A% B LA SR S A B ) e A B
B v E U] RS A R T b )2 R Y e A b
Ay e ) AL % O I L T R A R 2 P e

FA AT 0 BEUE B 2 0 FE o iz s 7 v B KR e
Ao (& 2,18 3) . B FIRPRASER T 5 A3 R BLA:
i Ch. lawsoniana ML LAINE BR T 5404 T H
A Ch. pisifera ARFEE. X TZBAGEKRE
BT EIBE TS R W1 L Che pisi fera 78R 70 A6 WL
Y #p(Li jianhua et al. ,2003; Wang et al. ,2003),
WFoE 200, H AR B 76 17Ma DL ET AT 9K 2 W2 9 K i 1
— B4y (Wang et al. ,2003) , [ it Jit 46 @ 7E 5 87 1
NLZC G AERE ] T Y I 5 YN R B % e 0 H A BT AR
WX 25 A SRR A e . 55 b
FA) it FELAEL ) T REAA R AN R IR, — Fh 2ok B T 90 R
ili » T B AT 5 R B 51 B2 T 5~ 6Ma, /4 I
Pl B BB i 3 05 5 5 ¥ 0 AR B LA S R REAS 1k —
UKAG K R 1 12 (Yu, 1995)  _F 5T T Ji A1 7 e
KREASAATIC S, B LG W & b4 A ity B A Fb Al
AEOR AT R 5 55 — P 2 28 3 1 R S 14 4% 15



wooB

1568

Foa
&2

http://www. geojournals. cn/dzxb/ch/index. aspx

s
2019 4§

+ B [ I 0. [ [ BT 6. 9 [H PR 4 ] M
Early Cretaceous Guyang, China Wyoming, USA
S QUASEST L2 e il 7. KR PR 2 M
Late Cretaceous 2 Colorado,USA
O it 3, 4.0 KR FHAE L 8. v [H
Eocene British Colu a, C France
A WE 5.0 g K G BB ) 9. 1k 5 7 bl R 2%
Oligocene Canadian Arctic Archipelago Altai, Russia

(b)

M Asia

7. BR M f1 i Central Europe
8. "' [H ] ¥ Hunan, China

1, 2. 38 [E % 35 4 M,
58 X M

@ ittt Miocene
O L #iiit Pliocene

il Idaho,Oregon, USA 9. [ A Japan
& BT Pleistocene 3. A AR TN 10, 2 [E Py kM
........ A4 A Nebraska,USA Nevada,USA

Modern distribution 4, 5. 3 *% Poland
6. 1 2 i & hr IR
Urals,Russia

11, 12. f5 [ Germany
13, 14. 1 47 W Georgia
15. & KF Italy

B3 b BRI B AR 1T F B 2 P (4 Liu Yusheng et al. ,2009 &350

Fig. 3

The polar projection of Northern Hemisphere and migration route of Chamaecyparis

(Modified from Liu Yusheng et al. ,2009)
(a) 48 (2 45Ma) 5 (b)) — B i 20 (2 15Ma)

(a)—Paleogene (approx. 45Ma) ; (b)—Neogene(approx. 15Ma)

HA B mi >k, 2y Ch. obtusa B T 16 H A & 41
A LASNE 605 B WA 43 A o 10 43 5 A2 W) 22 k3 2R W
Ch. obtusa KZTE 5. 5Ma sr46TE 1, 5 6 1 15 1P
S TE] R BAH 24 (Wang et al. ,2003),

3 i L 2 I A
R

it A1V 23 AT LA H A 4 A & Kt 22 1] 1
B35 52387 . % B e s i A s B Ay AR JE )i
R . HZ  AEA 5 DA E IR T
BB LA K HAS B 70 5 18 5 o 78 MR8 B9 3 A5 1 LA
R Z R D g S I LA 2 B . iR 22 2 ERR
1 W« A A ) I A K 5 AR R S TR AL T R AT R
6 A5 A AH SR AE i 20 3R AR 2 T8 (115 5
TS LA 5K (Zachos et al. , 2001 ; Mosbrugger et
al. ,2005) X P42 2K Pk B A0 A8 A X T8 AR K
T BN IR A0 ek W 0 T VA I M T Y e A AT
Y+ AF (F 1;Farjon, 2005) , 787 i 48 )8 78
2 [ B i 22 N — 2 A 0 A A Y 22 A T B0
FAFEAL 56 2R, 78w rhogr A E OB i RS i
Z— i H R A A AE L R AR L P (Axelrod, 1976

Graham,1993) . b th M6 45 2 22 ¥ DL S5 I 42
VKIS L B o T A U S I v P S A R A 55
R I A, 2RI K i (4 RS B ) RS L R RS B 4R
BT SREXE BT L 50 T UK 5 38 (% 8 A H A
SRR By 17 0 By i 0k . B AT LT an A AE L 3
ARVEHS . H AT G SR B3 A 0 b AR )

4 g

AS SR it KR AT HE B R A A I SR AEAT T LRR
i FA A AT B R A A DY 20 M R P A R
PRI A: T 22 HA T 12 Ho o A TE AL BR Y b i 26
JEHBIX  H b i LA Al A 30 ™ A R R N 52 [ B
AT HES., i mEaic MRS LY
FHIWTTE SR X A Yy B B s AT T A pr L A3 2
LR 458

(L Jit 41 s AL AR T R A 7 19 2 TS O 2R 0
WX, 2 JE e 4 Bl B R T A R AL G
PR IRt — P R R AL S W S B M IX 5 U SE R R H
AT Sl A A0 it 5 12 DX e ROAE ) AT R 2 DA RK
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Abstract

Living Chamaecy paris Spach only includes five species sporadically distributing in western and eastern
North American, Japan and Taiwan. The reasons for the formation of modern regional distribution of
Chamaecyparis have always attracted attention from botanists. Previous study analyzed the evolution of
modern regional distribution of Chamaecyparis using modern molecular biology methods or fossil records,
about which there is no consensus. In this paper, we revisited the origin and biogeographic history of
Chamaecyparis based on detailed evaluation of the fossil evidence and the results of phylogenetic method.
Fossil evidence indicates that Chamaecy paris had more species in the past geological period and was widely
distributed in the mid to high latitudinal regions of the Northern Hemisphere since the early Cretaceous.
We speculate from fossil records that the genus Chamaecyparis probably originated in Eastn Asia during
the Early Cretaceous and spread to western North America via the Bering LLand Bridge during the Late
Cretaceous, and then to the high latitudinal region of North America. Absence of fossil record in eastern
North America indicates that current Chamaecy paris in eastern North America might migrate from Europe
or the high latitudinal region of North America. The European Chamaecyparis probably originated from
the North America via North Atlantic Land Bridges or East Asia during the Oligocene. Local extinction of
Chamaecyparis from Europe, western and central Asia and central North America might be a result of
successive global climatic cooling in the Neogene and Quaternary glaciation. During the Neogene, Eastern
Asia Chamaecyparis spread southwards to Japan and Taiwan and disappeared in the Asian continent.
Finally, the genus Chamaecyparis limitedly occurred in western and eastern North American, Japan and

Taiwan.
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