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Abstract: Background, aim, and scope Tsuga (Endl.) Carriére, commonly called hemlock, is an important
constituent of the family Pinaceae that shows a typical disjunctive distribution between East Asia and North

America. There are many controversies about the origin and spread of this genus, so in this paper we aim to
discuss the phytogeography of this genus based on the collected fossil records. Materials and methods In this
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study, we collected the fossil records and integrated pollen records of 7suga in Asia. Furthermore, considering
the available paleogeographic data, we discussed the distribution of the genus in the geological history of China
and speculated on the origin and spread of the genus. Results The earliest reliable fossil record of Tsuga is from
Poland during the Late Cretaceous. In China, there are only nine reliable macrofossil records, while pollen
records are very abundant. Discussion This genus originated approximately in Western Europe during the Late
Cretaceous period, spread to China through Eurasia during the Maastrichtian— Danian period, and spread
to North America through the North Atlantic Bridge during the Paleocene— Eocene Epoch. After the Early
Eocene, the North American and East Asian populations exchanged through the Berringian Corridor. After the
Turgai Strait dried up in the Oligocene, Tsuga exchanged on the Eurasian continent through the Kazakhstan
and western Siberian regions of Central Asia. During the Late Miocene, Tsuga migrated across Iceland,
Europe, and Greenland via the North Atlantic Land Bridge. Conclusions The microfossil records supplement
the problems that many macrofossil records cannot reflect on the phytogeography of Tsuga. Tsuga originated
approximately in Europe in the Late Cretaceous. In the entire Cenozoic, affected by various factors such as
climate, it transmitted and communicated though land bridges in the northern hemisphere. Recommendations
and perspectives Certain differences exist between the phytogeography content of the Tsuga genus based on

fossil records and molecular studies. More fossil records of 7suga and molecular studies are needed to provide

more reliable evidence.

Key words: Tsuga (Endl.) Carriére; fossil record; phytogeography; Kazakhstan; North Atlantic Bridge

A28 ( Touga Carr.) JEANFL 1Y 8 B4 K
gy, NEERERIIA, B 30—50 m, M EAR
1—2 m (Fuetal., 1999; LePage, 2003a) , £k
AR PERE R4, W R HIR) 2, &5
HE . ZEAY) BRI AT, T 5
FEAR, £ 516 T F K i 700—4500 mm-a '
AR — % —10—20°C 19 Hb X (X148 % AT I 2
AL, 1980; Burns and Hongkala, 1990; LePage,
2003a; 7 FASE, 2009) , R 4 A 6 T
2, MEF-TH — ELAE i $] 3800 m, 2 & LA
AR TR AR Y& I ARSI SR L bR ) T A R
#k4r (Farjon, 1990; Fu et al., 1999; LePage,
2003a; BFHASE, 2009) o

BRAZ I8 BUAE 3 A T AL S AN AT, BA
RUR 2R — JE S TR W A3 AT AR . PR Ry 2R I 1 IX gk
WIE I S e FEE s —E M RIXE, ZJE 2 FA R
Z# (Holman et al., 2017 ) . Hrd N1
J& Farjon (1990, 2010) MK RSE: YAZ)mBLAT
o R, JURPNILA 4 Fpordi, HhRE 27, 75
WK Tsuga canadensis (L.) Carriére Fll T. carolniana
Engelm, P42 %, 435K~ T heterophylla (Raf.)
Sarg. il T mertensiana (Bong.) Carriére; 7V 3LA4g
S5Hi A, Hp HA 2 M, 43518 T diversifolia
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(Maxim.) Mast Fll T sieboldii Carriére, 1 |[H f =
o f7 fE H X 3 BB, 4 W N T chinensis (Franch.)
E. Pritz. T dumosa (D. Don) Eichler Fll T. forrestii
Downie ( Farjon, 1990) (& 1) ., {HJ&, 7 (Flora
of China) "' T. forrestii {4 4 T. chinensis [ V.7
T. chinensis var. forrestii (Downie), [A]Hfic ¢ T H
R A W WA, 300k T longibracteata W. C.
Chen } T. oblongisquamata (W. C. Cheng and L. K.
Fu) L. K. Fu & Nan Li (Fuetal., 1999) . A,

HAS T8 (1932) $£H T longibracteata V) ¥,
HAEM Y &8 BIR A KAE TR L 58042 8 HoAl )
FSFEAEATR, SR EAE TR 2. W5k
it (1951) B St B ¥ T longibracteata M\ & ¥
J& W oy B IR E#SL — AN BB “Nothotsuga” , SR )G
Page (1988 ) i 7 1 X H7)@ LT 44 Nothotsuga
Hu ex C. N. Page., Nothotsuga W 168y B0 A A%
BRHE, T Tusga AER R BE— B IRAR, 7E
YR FRIE L EA IR DO, PRIAS SCEE T B RS
Wb A iC R ¥ T longibracteata HEFRTEAN, T
oblongisquamata 1¥ Farjon (1990, 2010 ) 9432
25 RIAR T T chinensis (VAP T, chinensis var.
oblongisquamata W. C. Cheng & L. K. Fu, # iT,

Holman et al. (2017 ) &4 5 EABKE & M X R A2 AE



H R, % SEEIEE, ¥ BEhk

PR BEIHEAS B AW U S AR R
BAZBATAEZE SRR 8L, ORI X ERAZ R e i

T A TIEE

N—DH M T ulleungensis, 7 OB H: 0 A B
IEHERG T,

0 2500 5000 km

#HES . GS(2016)1561%

R BEIRHS W
[EE %4 o LERRIN R 1 o SR PRI
OCretaceous .Paleocene AEc‘cene AOligocene ‘Miocene ‘Plioence .Pleistocene
7. canadensis [T caroliniana 17 heterophylla and T. mertensiana W7 diversifolia
B 7 sieboldii [T chinensis W7 forrestii B 7. dumosa 7. ulleungensis

AEfid sk FERIET LePage (2003a) M 1, Fossil dates are mainly based on LePage (2003a) and Tab. 1.
APFET A ARG bR LI AR 45 ) (http://bzdt.ch.mnr.gov.en/ ) 2R H 5 A GS(2016)1561 S AybrifE b HiIfE, JEEICEM .

BT BRAZIE B A i e A A i sk

Fig.1 Modern distribution range and fossil record of Zsuga

7 R S TR Y 2 Y N 2 SN N N
k. . BRE, EBRSHAREERIER,
B IAERE A (LePage, 2003a) o %)@
W AE SR LER L, BRI W5 B R R
A D BRI 20 et (e 90 Ma) HiJZ
KB E ALK (Macko, 1963; LePage, 2003a) ;
BRI (c. 48.7 Ma ) A 1E & KA H & 5F
A LA R T P g R, H
¥ (Currah et al., 1998; LePage, 2003a) ;
M ek R A LB T Htt (c.41.3—
47.5 Ma ) NERAIKEE A (LePage, 2003a)
FETACIEUN . BRYH AR 53 b A2 T8 14k A
105k, LePage (2003a) A REkAZ & 7 1 Bt —
B 303 ok A R VU PR A (A 46 TR A% IR
2 RN B HL 2 f 2 ) A WO 5 b 6 N 2 [H] #4758
Uiy TEREAFAEA, LMY Z 8] DL i
8 R 5 o W T = = B 7 s A ) & N A i DR )
ook, HAEY s N v T e, 2

il (1995) AERAZ B E IR T B L i) =8 ik
A R, TR I T A T AR, R i
ATt (AT B ARG R0 329, st —55 I
ERAZ IR AERRIN T2 50 A o (H IR Ry ik 2 53 0F
FERAE S BB A6 SE YA I A A B 8
S, H H R OC TS e R I S AL 15 W s ATh AR
G, BEE AR GAZ B A AR & B
GBI A2 8 WA Pty b 3R S AT T —
RN TE, AH— Bk = O S AR R A T AR A S
KALAFRE RGP (2548, 1995; LePage,
2003a) , PIIZJE Y BUERE AR HOR A 4T
RERFE X TEAZIRHEY, HRA A IS SRARXS
BZ, F&ENAERIC R T DOERAZ & (ARt 2
fERE P ZiEHE (LePage, 2003a) , KA
AN S Y L DX R AZ S8 1 A B sk BT #b 7T
M HB G O AL, 456 B 22 5ol i
R, REVHEBAZ BRI . ¥ AL 7%
FEAR
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H E A ERAZ 3 A, RiZE FE
—, ) B AS [) S5 AR R A2 8 A e A T
Z, B4 1 ERAZ R e s AR
B JHBONAERE WA B OCHE S, HFT AL I
AT T A AR R BRI e (ZEAE, 19955
FA%E, 2009; Ding et al., 2021) , = PE40H0HF
8. TR E, B2 E KRAAAH 9 Midx (3R
1), A, Hd, sR Wi Rka
0 3 Az W G T G s B L b 5 i 2 9% 7 e 3 2R
i Tsuga asiatica N T. cf. dumosa ( Wu et al.,
2020) o WroEr I, R A AT IC SRR IH AL D,
XIE = B & A T asiatica 3KRRALATIE 5% (Wu
etal., 2020) . fEHURTIEI ], AR KL A
ISR R A, FE250 A0 T P B P g A AR AR X
( Xing et al., 2013; Ding et al., 2021 ) , Tt
T IX A2 J@ KAk il sk b, AUTE I dE Bl
R A 5ty s 58 R L ) R PR T DO SR TR e 2
H R AZER A AT, (HAR AT T ) IR S
R, WAHBITRG RV (e, 2011; £
BT, 2021) o TEML LT — REUEH, U0
B HLIX A A2 B BR R Al sk, H AR
R AT R e (RIS, 19865 Yi
etal., 2005) . BANERAZ | RAILAICxM LD, H
SETEAS [F) b S A ) 2 R R e B 2 (3R
1), BEAHEFEA AT, XN TR E
FE P E 0 40 A SRS T S A R . R
BT, v B AR L v v 5 R b DX R Y R b X ARG T
AIRERSAZ B AL IO (£ 1), BRN T RIAIE
SRTEML IR T I Z i 25 H . W I 8, A2 )|
e IC SRR o m B e s, fERe. 74
b, VU AR R SR M X R A, (H
Erh AR R o AL AL i A BRI
FAFRIP X E AL B I8 e A R R e, L
B I AR AZ T A6 K53 7 v [ B 7SS9 8 X P Y
RALX, RIEX, FEIX, PERFIX) Tz B, T
HAERE XWAFREM ( EREHFSE, 2005a) ,
Wl WL AT T 04 20 A B A B T A8 A5 5 iz
A, 2 M TR b, AR
BRI I (Sun and Wang, 2005) , it
B ERAZ PR A B W T2 S8 W G 2 1o
TP, R R AR D AR e, 2
o2 b W A 2 — (RRRENAE,
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2015) , X5 RAMA R KR L —3 ekl
SRR T HARAMU fE AR Rz, HEHE,
bEANSEN . BRI, KB, MERMIBITE
MG, mHY R AR R m, =
HO O R TS T R S (ZEAE, 19955
WdE AN AE, 2009) o FOBrtEETIE, A2 JE oA
0 A R B A B 4/, Rt — ST i
B TACEEROKI Tz 975k, SR AR
( Zachos et al., 2001; Zachos et al., 2008) , %
J& A X B 2N, R T E R TR (4
He 2, 2003) o 285 A Y A2 B oKk 3 — ) oK 3 g
M, BAZEitE— L TR, RZIES K
Wi fii TR LIRS . WP AR B s (2
fiti, 1995) .

2

AT SRR LE Y AR R DAAE, SRR AEY)
HIE S AN e AR, (A T2 B A1l sk
IARTERE L) KGR e SR E R, HATZER
AL 5l RS B[R] AT SR A AE i 2R AR (1995)
N ERAZ B R EBGR IR T A 20w ] — rip 2
1, HOEJEHLE R B AW, LePage (2003a) %
G ENAAIE R RN, %8 R el %
A F VYRR = WS VH PG Wb X, Hboprt
A S RN & LA AT e 5, I H b add B AR 5 5
BRI TE SEARME B IR (R IR . 3T Ak Bl
ENTHEY RN, BRFENRAARPEA
TF-BOT A2 B A A 750 0T, (BRI A ]
(5L R B RS [R] (9 A A 1 5 RS h A2 R
PR A AR AH A . Havill et al. (2008 ) fifi F#%
FEIR 1TS 751 S 20K DNA bric B, SREHS
J& TSR B S AR BIC SR, KR AS JE I T s ] B
il 7E e 1 A (90 Ma) , VR ML MR, Feng
et al. (2021) i FIAEIH: A F R, WA Tuga
swedaea BRFALA T, FHERAZ B B IR Y B[R] B
TERGETRT I, R IEH AL . A SRR AL
BRAZ B AR PR Ak By M HRE 4 5 00 T oA R
FEERRZES . Aok, ER A EHAR T
taxoides Tan et Zhu LA 1C 5k 51 T W5 & B IE =
(S FIR X HUTR, 1982; Wu et al., 2020;
Ding et al., 2021 ) . Ding et al. (2021 ) K41t &
HA A AU BE TR AZ T8 TE AR WA AE — SR IR I
Wo T taxoides (RAFHE—HAEMH LA, H5HA
RIXHUE R (1982) AU HAMNEE A MEFT T A B
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R, Bl = S 2= TOW R AE B0 L R 9, B
BT TR EEZ I (Wuetal.,, 2020; Ding
etal., 2021) . TiH, et SRt
FEN BRI A BORGY e, MELITEAN /39, H
B4 RAE 8 PR e BLERAZ @ 3k R S AE kA, B
MHZA A 2B AL WA FF i — 20k, o,
LePage (2003a) TEVFARPRE 4 (L4 842 )R i ik
ANCESEITINR BT AR IR A 8 Y
ZWIHIE, AR RS B I KAl BT

HiGEr e, Miller (1977, 1988 ) [AlkEdE H %A i
WIEE R A AR m A, Rkt
— UL S FHA T KA e R T
FIBIESE 23 AV BIEdE, o R AL
aofmiesg (E2) , AU IR D) b
SHTHEA S I ATE S . X T A28 BRI,
WA AR, 456 0 2R aif, ARt
FENHIZE PT RER IR T 0 1 A PUER, 5 Havill
etal. (2008 ) £&H UL

x1 MR EAAIER

Tab. 1 Fossil records of Zsuga in Asia
R (e S A Ha%EE 4k
Location Fossil form Epoch Resemble Reference
Bt — R ;
U1 B BREMRILA o %rr. i Tusga dumosa, PRITEESE, 1986
. . Late Pliocene— Early .
Litang, Sichuan Cones . T. forrestii (Chen M H et al., 1986 )
Pleistocene
SEET ] e
Zr%j':' ] Afeh e %ﬁﬂ Tusga dumosa Yietal. (2005)
Changning, Yunnan Wood Late Pliocene
ELBARME Pzt e) b T TKREAEHEE, 1996
Songhua Basin, Kunming Pollen Mid-Pliocene sasp. (Zhang X J et al., 1996 )
VYRR AT 4 kA Fr 40 P 30K, 1983
Langgin Zangbo River Valley, Tibet Pollen Early Pliocene sasp. (LiWY, 1983)
= KR AN ESCE, 1994
mEE ¥ i
,?E'g £ % ERLs ,%ﬂﬁ Tsuga sp. (Zheng Y H and Wang W X,
Mingxi, Fujian Pollen Pliocene
1994)
PORALIS Z pizie o Fore 30, 1983
Zanda Basin, Tibet Pollen Pliocene e (LiWY, 1983)
W R AR A RR i itee) i
. Tsuga sp. Kamenun, 2017
Kochkor, Kyrgyzstan Pollen Pliocene
Y T AWK AR o i iz ieel EE31ix .
. . . Tsuga sp. Abuziarova, 1967
Pamirs, Central Asia Pollen Pliocene
TS i HIA FUAL iz ie) i
. . Tsuga sp. Kamemun, 2017
Darvaza, Turkmenistan Pollen Pliocene
P T E PR A A kA i
. . Tsuga sp. Kamenun, 2017
Kum Dag, Turkmenistan Pollen Pliocene
. HhoH tH — SR i p P
[ qeRe ] e piziee . WIAREE, 2010
. . Miocene— Early Tsuga sp.
Geelong Basin, southern Tibet Pollen . (XuYDetal., 2010 )
Pleistocene
AL B bl I — Bt S AICRAIFEEME, 1981
Huanghua, Hebei Pollen Miocene— Pliocene L (LiWYandLiang YL, 1981)
BRIUT 1 34 b e R A “
N . ikt T — B NI A, 1981
Zhujiangkou Depression and . . Tsuga sp.
) . . Pollen Miocene —Pliocene (SunXJetal., 1981)
Yinggehai Depression
BTG T 2 ki LA Rt o INFEESE, 1980
Weihe Basin, Shaanxi Pollen Early Miocene and Pliocene e (Sun X Yetal., 1980 )
. T — R .
=VLFJE pizieel . BRI, 1987
B i Early Miocene— Early Tsuga sp. .
Sanjiang Plain Pollen (Xia Y M and Wang P F, 1987 )

Pliocene

(f¥%L  To be continued )
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(2:£% 1 Continued Tab. 1)
b LR =S IRPAR A %E Ak
Location Fossil form Epoch Resemble Reference
FALL 73 i itevel BT — R R o Tk, 2014
Songliao Basin Pollen Miocene — Early Pliocene s sp. (Wan C B etal., 2014)
WHLRE . T BRI i T Tsuga cf. dumosa (D. Don) .
. . . . B . . Ding et al., 2021
Tiantai and Ninghai, Zhejiang Cones Late Miocene Eichler
WrRG R e HhoE I o i3, 2013
Tiantai, Zhejiang Cone scales Late Miocene R (HeWL,2013)
RS A B A M o Tsuga xianfengensis Xing )
. i . Xing et al., 2013
Xianfeng Basin, Yunnan Cones Late Miocene et Zhou.
. . Tsuga nanfengensis O. V.
z,ﬁéﬁﬁ] ol Hﬁqﬂ%ﬁﬁ Bondarenko, H. B. Wang etal., 2015
Xundian, Yunnan ‘Wood Late Miocene
Wang et Z. K. Zhou.
WY ST LRI R 3 ST L e
DR, B si e . JuiE (2R
TAPEALER ) ik A A b .
. . Tsuga sp. Abuziarova, 1967
The Ak-Bel, Ak-Chop, Supe-Tau Pollen Mid-Miocene
(north-western Fergana) Mountains,
Kazakhstan and Kyrgyzstan
IZR U HE Pi% el b it R RZIE, 1959
Shanwang, Shandong Pollen Mid-Miocene gasp (Song Z C, 1959 )
TR TR |
Brhres . BlaRR A AT F— it o . ‘
. X T. aciculari Kuprianova Abuziarova, 1967
Terskey, Ala-Tau, Kochkor, Pollen Early—Mid-Miocene
Kyrgyzstan
B[ Aiiseez] e iz e Fepiit R NI, 1981
Beibu Gulf Depression Pollen Early Miocene e (Sun X Jetal., 1981)
P K AH % el b A B, 1988
Tianzhen, Shanxi Pollen Early Miocene e (LiuG W, 1988)
AR T B i tevel e T X, 1988
Guantao, Shandong Pollen Early Miocene 84 sp- (LiuG W, 1988)
TRORK ekt bt A KW EFIBRAGAE, 1986
Tianchang, Anhui Pollen Early Miocene 8P (Zheng Y H and Zhang S W, 1986 )
==y ad 4
PG T - RANZH . N
L . iy diel LBt XUBFE, 1988
Xining-Minhe Basin, . Tsuga sp. X
. . Pollen Early Miocene (LiuGW, 1988 )
Qinghai
THUX AL AT e P INHIE A, 1981
Leigiong area Pollen Early Miocene sasp. (Sun X Jetal., 1981 )
i S
Bl a2 = 7 52 X Kintykche it Fepirit o
. . L. i Tsuga sp. Zhilin, 1974
Kintykche, Aktyubinsk District, Pollen Early Miocene
Kazakhstan
W B= 5 drdA Kinjak A i
T LE L I vz S Tsuga sp. Zhilin, 1974
Kinjak, Kazakhstan Pollen Early Miocene
- Tsuga aculeata Anan.
LT e SN i teel e &
. Tsuga macroserrata Popova etal., 2019
Kumyrtas, Kazakhstan Pollen Early Miocene
(Wulff) Anan.
M BE 5074 Chingistay 5K
Bukht A k2
L uihtarma w Sk .ﬁﬁ Tsuga sp. Rayushkina, 1979
Chingistay or Bukhtarma, Pollen Early Miocene
Kazakhstan

DOI: 10.7515/JEE221002

(%%  To be continued )



MR, % SRERER, Ve — R Tk

(223 1 Continued Tab. 1)
K LR =S IPAR A %E YIS
Location Fossil form Epoch Resemble Reference
L ZR I 2P s X .
: _ bicy il el B XTFTAS, 2004
Xuying area, Liaocheng, . Tsuga sp.
Pollen Miocene (Zhao X Letal., 2004 )
Shandong
TR A it I o LhEERE, 1993
Jiuquan Basin Pollen Miocene 8P (MaJQ, 1993)
P55 i ] L ST T N
. o TER A it KIBER, 1988
Xinhot, Abaga Banner, . Tsuga sp. X
. Pollen Miocene (LiuGW, 1988)
Inner Mongolia
PRUGETH A58 T iz el o o XI#FE, 1988
Niujiayingzi Town, Chifeng Pollen Miocene LS (LiuG W, 1988)
WHLANRE . T BrE A .
i /T\ & = FRIEE, 1982 (Zheng Y H, 1982) ;
el (AR ) ek G NN -
. .. . Tsuga sp. EIFRAE, 1985
Xianju, Ninghai, Xinchang and Pollen Miocene
. .. (Wang K Fetal., 1985)
Shengxian (Shengzhou), Zhejiang
]V Ao I ot Efigh, 1989
Yalong Town, Guangxi Pollen Miocene SRS ( Wang W M, 1989 )
el AHIPNGTEE % itea FRTIE o NS, 1981
Northern shelf of the South China Sea Pollen Miocene e (SunXJetal., 1981)
JAN L) =R SR &
R R LA it #1992
Toupi Basin, Guangchang County, . Tsuga sp.
) ) Pollen Miocene (Wang WM, 1992 )
Jiangxi
SRIT R /N AR s e
. . : by dieel ot K2, 1976
Xiaolongtan Town, Kaiyuan City, . Tsuga sp.
Pollen Miocene (Song Z C et al., 1976 )
Yunnan
belals 7858 BRI rho s 24, 2011
Weichang County, Hebei Cones Miocene L (LiJF, 2011)
AL I e AT G NiiN —— XIHR, 1990
Liaohe Plain Pollen Miocene Lt (LiuML, 1990 )
SRR G A AT T o RZIE, 1999
Qaidam Basin Pollen Miocene GRS (Song Z C, 1999 )
e B T B e %t rho
. Tsuga sp. Kamemun, 2017
Aktau, Kazakhstan Pollen Miocene
G ) % teal i g 0] — Hhogr it Horets I, 1983
Kuga Basin, Xinjiang Pollen Late Oligocene— Miocene s sp. (YanS, 1983 )
HTSRPEA P L A A A Hrpr it — ERr . HZ775%, 2003
Kumukuri Basin, Xinjiang Pollen Oligocene — Pliocene e (Xiao A F et al., 2003 )
PO 42 b iz el W — R i A FIFRSE, 1975
Lunpola Basin, Tibet Pollen Oligocene— Early Miocene 8P (Wang K F etal., 1975 )
Wy 5% e 07 R e A AT A -
2 TEDESS i teel W it — b .
. . Tsuga sp. Abuziarova, 1967
Terskey-Kungey Alatau, Southern Pollen Oligocene— Miocene
Kazakhsta
- , ; HFESC, 1978 (Yang TW, 1978) 5
SR B s M E— e W
A . . Tsuga sp. MRS, 2015
Junggar Basin, Xinjiang Pollen Oligocene— Miocene
(Nan K W et al., 2015 )
WS TR - (T A i tea) W — rhofr i Touea s Effif#, 1990
Shangdu-Huade Basin, Inner Mongolia Pollen Late Oligocene— Miocene gasp: ( Wang W M, 1990 )
SR EE TR i itevel Hrp it — o P KRZBHEE, 1976
Jinggu County, Pu’er City, Yunnan Pollen Oligocene—Miocene s sp. (Song Z Cetal., 1976 )

(%% To be continued )
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(2:#% 1 Continued Tab. 1)
RI RS =S IPAR A% E P
Location Fossil form Epoch Resemble Reference
& T 3007 1 B 5 Vidyik el 6 4 T Akhmetiev and Zaporozhets,
Suga sp.
Ashutas, Kazakhstan Pollen Late Oligocene sasp 2014
P el e S ) ; N
o R LA YR XUi, 2019
Liihe Basin, Nanhua County, . Tsuga sp. .
Pollen Early Oligocene (LiuS, 2019)
Yunnan
P RICE A BRARIA L Tsuga asiatica Wu et Zhou
. Wu et al., 2020
Nanhua County, Yunnan Cones Early Oligocene n. sp.
TR gt P H (AEEIX) . .
o it BT g INFE4E. 1980
Huxian County (Huyi District), . Tsuga sp.
) . Pollen Oligocene (Sun X Y etal., 1980 )
Weihe Basin
LG el i teal Wi it e WARIC, 1978
Yuanqu County, Shanxi Pollen Oligocene gasp. (Yang J W, 1978 )
L Py 20k i X A A W it o EEAFRE, 2003
Fanzhi District, Shanxi Pollen Oligocene sasp. ( Wang X M et al., 2003 )
W - LR A iz el e i T NS, 1981
Leiqgiong-Beibu Gulf Basin Pollen Oligocene e (Sun X Jetal., 1981)
B A A S SEA S e it Hrpr it
. . . . . Tsuga sp. Denk et al., 2021
Omsk, Russia Shish River site Pollen Oligocene
MR s TE P 2 it W
. Tsuga sp. Averyanova et al., 2021
Toguzken, Kazakhstan Pollen Oligocene
R TIH % - i X iz el B — R P TR, 1985
Yilan-Yitong, Heilongjiang Pollen Eocene—Oligocene S (ChenBL, 1985)
oL Wbt it — SRt .
I FIX 7wl ! KL, 1999
. Late Eocene— Early Tsuga sp.
Bohai Sea coastal area Pollen X (Song Z C, 1999 )
Oligocene
SERAR R L1 TR X Vi itee) B t— T ¢ AROT4E 2020
Dahonggou area, Qaidam Basin Pollen Eocene—Pliocene sasp. (LulJFetal., 2020)
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Tibet
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. . Late Early Eocene— Tsuga sp.
East China Sea Basin Pollen ) (Chang Y S etal., 2019 )
Mid-Eocene
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HHOT B HLIX et a FLR T SKBUTEE, 2010
Wanchang Town, Jilin Pollen Early Eocene 84 sp. (Zhang S Q et al., 2010 )
MR e T Touea s TRE2GE, 1987
Hunchun Coal Mine, Jilin Pollen Paleocene S (Zhang Y Letal., 1987 )
N . ORI A T
TR B O . o .
o i it AR HBESE, 2010
Wuyun Coal Mine, Jiayin County, . Tsuga sp.
) a Pollen Late Danian (Paleocene) (HaoH et al., 2010 )
Heilongjiang .
and the entire Eocene
TEL P 50 S SR S Ey i P
o i LA RZHEE, 1976
Moxie Village, Mengla, southern Late Cretaceous to Tsuga sp.
Pollen (Song Z C et al., 1976 )
Yunnan Paleocene
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K2 hEgEZEAAILRME
Fig. 2 Distribution map of fossil records of Tsuga in China
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Wies Hli X 11 I 11 41l 2 o (Macko, 1963)
FERA S ORI, %R A FE R IR A% 22
HIT VT YR B IR AR 5 b X R r [ 2R L P R DX g
B (Manum, 1962; 5KE%4%, 1987; Boulter and
Kvacek, 1989; Boulter and Manum, 1989; #fZk

4, 2010) o GBI, A2 R AR RO
L SEWEAT /A, BRI 20 (2,
1995; LePage, 2003a) o X Ay dr 4t iR mz i
AT BN s i A9 19 HR 30 R R A2 T AE =AY Z TR 1Y
AP T 3R, AL RVGFERG (s B 2 B
LRRNERG IR ) (R 3) MR b7 0 ik 3105 4
HEHE T AL SRR, o, flEAR IR 2k 7E 1
Wt — Bt T 3% 2 TR RO K R 5 L S
W, HERE ot i 5 IR R, e

DOI: 10.7515/JEE221002



HBERFRIE 274l

M — Rt (c. 69 Ma filc. 65.5 Ma) 7
FrA= W) Z 0] 22 i (LePage, 2003a; Brikiatis,

2014) , RERAZ JE R 1) AU 55 DAL 3 S 448 T 1
PR, (AR EASBA mrtt Z argk iz A
FIE, PRS2 0 X AR R A T %
& AEBEIN] ;PR L2 B2 AE A IR B 2 B 24 o
ATY BT AE M T T — LG T A ) A A

a H it Paleocene

R T VURRAAL S PN T, EL AR Y I Al
FUA B/ DAERE BT (¢ 57 Ma Fll c. 56 Ma ) f74E
FF M A= Y AE RIS 22 (8] 4 DI B 52 3 4R AL Bl 1 11 308
T, ARAZJE TE W N Z (R R A AR A T M PR
A (Brikiatis, 2014) . ZR4EHHE, JEKPEE
Rl bR T2, b S -5 RO 22 18] B R A2 T8 P Foh 58 3t
Bt E (LePage, 2003a) .

b WHHT i Eocene

Fa R T 1 FIHRIRE; 2 IORIREG 3. RO BRI A (@ =W I BAZAEN); A =Rt kiZqek ) . Kb R T 1A
MR 2. A BREAPAA A0 (LLERKIRR T AT AR IX) o TR IR R LT, P L2 P yid T
USRI SRIMGAZIR . ARt Bt — SR HTH BRAZ M RRUNE R TR, 35 TR N—S [ (¥ il 2R B e 2 1™ BRI 22 6 (1 4 52
e HEWRBE, AARFAE T R S5 3EME 2R . TU=Turgai Strait; A=Africa; EU=Europe; FENN=Fennoscandia. [& 3 &k H
Collinson and Hooker (2003 ) .

Fig. a showing the Thulian Route (1), DeGeer Route (2), Eurasia Route (3) and the distribution of fossil Tsuga ( @=Late Cretaceous Tsuga pollen;
A =Paleocene Tsuga pollen) during the Paleocene. Fig. b showing Thulian Route (1), Beringian Corridor (2) and the distribution of fossil Tsuga
during the Eocene (the red area shows the concentrated distribution area of Tsuga fossils). Note the break of the DeGeer route during the Early
Eocene, Tsuga migrated between North America and Europe by Thulian Route. Paleocene—Early Eocene 7suga in East Asia were spread from
Europe, after Danian N—S trending system of epicontinental seas and straits became barriers for the migration in Eurasia of Zsuga. Since the Early
Eocene, the Beringian Corridor has connected the hemlock genus between East Asia and North America. TU=Turgai Strait; A=Africa; EU=Europe;
FENN =Fennoscandia. Fig. 3 is modified after Collinson and Hooker (2003).

3 i A i b Rl e 52 ot b 3t o ]
Fig. 3 Generalized palacogeographical reconstruction of the northern hemisphere in polar projection during
the Paleocene and Eocene
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FrBt (LePage, 2003a) , Hig R fbfic %
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RIS A BAZ IR AE R RGE (R 1) o it
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FE 2 ot = R R B TR AR (1) o K
I DA A A7 10 57 T RIAE SE U ERAZ J A A7 B9 1 B AG
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b T dumosa (Havill et al., 2008 ) . T M 46 57
MR T of. dumosa AATICFEBIFRIAEAZE N
DU 7 530 280 S O g sk i) 2 LT M kA . AR
Bt R Az B A Al sk, EOR AR
AN AR I AT T AR R 5 Bk
B A AT R BT =2 e 1 St 2 (Macko,

1963 ) , TEME A — ot e i, Z2 8 i
AP R ] S PH AL SE I T B 1 et — g i
R CE SRR BB I — 3k 7700 ) R AR R i
R, WO K Fili B2 &R 3 ) R 4 DX sl b 1 - 1o DA
b, VIR SC P B AR TR, 03 Hh DX A BRI B

TP ] LLAE RO KBt A 7iE 8, [BIR 35 Hu X AR
Sy BRI R Bt 19 3% 221X, U s ] {3t A 0 7 A U
( Akhmetiev and Beniamovski, 2009; Akhmetiev
etal., 2012; Brikiatis, 2014 ) , ULAS4KAZJE AT LA
PERR AL, —E A E; 2k T,

O PRI A R TR R T A2, r b ) 1Y) ol 6 1 142
FE TR T S AL VKTE, IR 55 M X 4 K 5
( Akhmetiev and Beniamovski, 2009 ) , SEE#E
WRO B9 A= 0 A2 i 22 B B AS o 7E g i, DARR
AT E LT A2 AR Y B I ) A TR
Ittt (K2) .

AU 5 RN I 22 8] 1 4 o 52 il ok 14 Bl i
AT WEEETCHE MES W A E BE s A Rl AT R
BT T OSSRl L SAR ) A, & 7.4—4.8 Ma
FhEWT 2, 223 A 1k ( Marincovich et al., 1990;
Marincovich and Gladenkov, 1999) . 7 #riHnt
W, FAARERAL T 80°N Bfir, i Tt kil b
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Py B DR AE A 2 AR AR R B iR, BRAZ A
Yyid ik (14 Bl B AT (S B A7 AE B A5 ( Tiffney and
Manchester, 2001 ) . = F4HHHE, FARRHTE
PR . TR R HLE S MRS A R AZ TR B
B4k, fERIRH S, JEEMBREE, TR
it (34.6 Ma ) i it (14 AT RS PU R B
I T Tsuga asiatica (Wuetal., 2020) .

SR /R AR I e AR T kAR v
HAFA R —RAN B B, (2 i1
AICRRM, AR EWOET I B 2 A 1 5 R
T P, AP AR BE i o3 A Bz

( Florin, 1963; LePage, 2003a) (K4 ) ., K
IR 3 Vi U A B i T — B 2 AR i % A TR

FlE, M EAE WO 2 W] AL R PR AL T Hh L J%
(= R T | e e | S RN AR NG 57 5 1
XA B, R HFIREAE 0C L) I,
He R A Y38 B AE 20 —25°C, AR /K IR 800 —
1300 mm, N kA2 Ja L W) 4% 4% B2 Bt T A R A
(Popova et al., 2012) . 7E#7#rtH HIA 7Y P9 1R F
WV E A R AZ R AE il 5% (Denk et al.,
2021) , KUz EYMEFE; FrR, &
P Hb XA F A A IE 5% ( Abuziarova,
1967; Akhmetiev and Zaporozhets, 2014 ) , NEFZ
| LY AN R el 1 3 e e R T SR 1 8
5 TBuga dumosa 5% 5 R BT I RALA {UAERRE R
Fili LAk, FEGRHT A o M X AR %Ak
A1 (Wuetal, 2020) , [a)f 72 4B 1017 ] by
IR IR X A HIE (Mai and Walther, 1978)
ZRG LA UESE, UERATEETE kA2 8 vT LAAERK
BN i

e, BAZ IR AR Kl S AL SE P Ay 1l kb
KIS A NN 92 (LePage, 2003a) ([4) |
BRI R R AZ JE B A il B, b = B KR
s, X AP rbrb o T s R A I 1 DA R G SE
DHRT I 9 1 38 1A FH A G (LePage, 2003b) o
JE48 LePage (2003a) A A BBt — 5Frpogr i
F 399 P8 PO A AT S S B e A5 T, BRAS
TRRAZ JEAE Y AR 2 8] () g 4, (H R
BT B A G B v B4 b DX i 3 1 B R S5 A P i D
A YAZ @ AL L 5% B PR AR5 o b X A,
BRIk Aic s (Zhilin, 1974; Rayushkina,
1979; Popova et al., 2019) , X iFRENS % B2k
K2 )@ v MR T A% B B 28 G VA1 1) I P T A BRI
KBS B T4, FBorhogrtit, VIR, PaEE e
3B Srp A b SRS T R A
TEAE — W1 1Y ) 1 F0 2R e O I L 2 / 0 1 PR
HAGE (Y BES AL B (Popova et al., 2012) , HYEH
At — BT T A Y 7 bR A T P A R A
FE B EAAIE S, X R v
PR T SRR, FABE AT IE A A2 e
Aetf o RIS, HROTE B IX 5 2% 5] v S BRI 1K 3 A
Wrid A & M2 B /LR id sk (Abuziarova,
1967; Kamemun, 2017) . K, #HXFF 74 PH 1A
AT D, WA % 5 30 B X8 ] GE R A 5
WIS K i PG 0 2R A2 T8 0 ol 28 Tk ) b 22 22 K, X
S | =371 B N el (E1 W EE 7 el A = R 3 V|
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TEYEMGERIER, MRS Y RT LLZE S it
580 W rbor im0, Bl < AR S R G R
AT — RV E R, Bl O AR T B &
#)7—5.4 Ma &AM 2 BRPE R IRRFE IR 3517 (Late
Miocene cooling, LMC ) #4249 76 W91 K b
FLMMIRZH TR (B FASE, 2009; Tzanova
et al., 2015; Herbert et al., 2016; Chen et al.,
2019) . Denk et al. (2005) il T Ptk
Brjansleekur i X ) BRAZ R BT 641, LI ERAZ IR
TE IR AR R 08 380 o) b K P4 Ve Rl 64 T 52 0

a WiEi i Oligocene b

o

Miocene C

B2, APEtZE, A R DR ok
FEYS, HAEJRm R T 7€ A 7% M A4 it ( Tiffney
and Manchester, 2001 ) , K242 & 8 o 5 4
Bili FF A7 58 AR AE — o RIME . 76 Bt b, i
SRARAZ Ja AE b 52 W 19 43 A 35 2w W e /b, fH
SERRINERAZ & oy A s R R BT (Wl 4) , HE
P HHHAKSR 4 (Ferguson, 1967; LePage,
2003a) . HREFBIULKY], BARTER THRMS
i, BAZJBAERRINIE S (LePage, 2003a) , JEAL
TS B B 53 AT A S o

L#r i Pliocene

a7 LIRS 2. 4B, BIb R T 1LROE#RZR; 2. (IR 3 b RVEFERT. Kl cJBR T4, a6
IR T HETGAZ IR AA I I B BRAZ 8 e T 3 AT X W T IRUR SR 25, kA2 I 223 b S M DXTE R | P S R AR P TR) AT 52
EU=Europe. [ 4 {58 H LePage (2003a) .

Fig. a shows the Eurasian Route (1); Beringian Corridor (2). Fig. b shows the Eurasian Route (1); Beringian Corridor (2); The Atlantic Bridge (3).
Fig. ¢ shows the Beringian Corridor. The Turgai Strait dried up during Oligocene, and Tsuga passed through the Central Asia to migrate between
Europe, West Asia and East Asia. EU=Europe. Fig. 4 is modified after LePage (2003a).

P4 Hoph POt R b b R Bt B A
Fig. 4 Generalized palacogeographical reconstruction of the northern hemisphere in polar projection during the Oligocene,
Miocene and Pliocene

FER AT TE SR R W BRAZ J 76 Bl e B BT
BT, DORAE RN RN 3 XA BRAZ TR
Ao FEGRHTIE, I 2 i B AZ TR AE
0ok, BURTERAZAE ) 0 A AT S o 217 ot
W, BRAZIEAE P ) iz, R AR
I — A A SR B R R R ROR
SN, S e O A A e 3 B )
W ORI — BT, BEE AL T DR T
R S5, BRAZ R A Y LT dR i . eSS
VU 22 k3] — ] DB e [ 30, BRAZ S 12 1) Pl 7 1T
¥, ZICL T BAZIEBAE (o0 A e o

DOI: 10.7515/JEE221002

BAZ IR AL MR IR, TRttt
SO ok A ) PRI OR e DX o) S W Rk
R BT T 1 20K S T e B T 1 BT 22 1) B S8 3 5
I, SRAZ JE R Tt i — R 4fRr i g
R PG Bl BRI HLR 1 JE G U I A 7 A5 4%
G TR AR DY PR LR BT T, PN 2 18] 52 0
Wi T I PR R s ok R, BRI 2 TR S
G ' W = W T B S o R A S B 1
T 22 i e 1% 5 30 H 3 DX R A WO 2 ) Bk A2 A ) 52
i E A AU SN S H Z [M) BRAZ R 1) 52
AR IR 28 PO I nl a5 & R AT o
R ERAZ B A oA ) iz A3, i EL A A
PR B, R AL e G K PG A



MR, % SRERER, Ve — R Tk

AR R T UKk By W PR I A A BRIl R PR A Bk A2
Jogs B A S B R R, 225 DU 28 vk R AZ T A
BRI K 26, 180T BEAE AL 5& — 7R I 6] W 73 A F)
e Jaio

WS, R W, EOA, 42019, WA AR LTER
WAL HL T A AT T (7). JERRSEAR L 37(2): 320329,
[Chang Y S, Zhao H, Qin J, et al. 2019. Sedimentary
response to paleoclimate change in the East China Sea
shelf basin [J]. Acta Sedimentologica Sinica, 37(2):
320-329.]

PRI . 1985. K 22 — fFd 4 X 55 = 20 f by 445 1 b 2 2
B[] KA BE K 5 9(3): 50-59. [Chen B L.
1985. Stratigraphic significance of tertiary spore-pollen
assemblages in Yilan— Yitong area [J]. Journal of Daqing
Petroleum Institute, 9(3): 50—59.]

WREAME , FLEARE , PR ME. 1986. VU133 AR 41 Al 4 1k
A Koty A B AR MDY/ R 2 B T
o IR B B BN T R T ST I 1L S R
(=) dbat: JERRHAEOR AL © 71-79. [Chen
M H, Kong Z C, Chen Y. 1986. Plant fossils from Mula
Formation in Litang County and their significance in
palacogeography and palacoclimatic [M]// Tibetan Plateau
Comprehensive Scientific Expedition Team, Chinese
Academy of Sciences. Studies in Qinghai-Xizang (Tibet)
Plateau special issue of Hengduan Mountains scientific
expedition (II'). Beijing: Beijing Science and Technology
Press: 71-79.]

BOH R, sk, B, A5 . 2007, LR AL XY
YOI AL AR A A B 2 R S [T]. M AR EESE, 32(5):
629—-637. [Duan Q F, Zhang K X, Wang J X, et al. 2007.
Sporopollen assemblage from the Totohe Formation and
its stratigraphic significance in the Tanggula Mountains,
northern Tibet [J]. Earth Science, 32(5): 629—-637.]

i E, O, Ablaev Albert, 4 . 2010. BIRVLF P H 5
R 5 Sk b T 2 TS (7] AR
R, 12(4): 425-431. [Hao H, Feng G P, Albert A, et al.
2010. Geological time of Wuyun coal mine and Baishantou
sections in Jiayin County, Heilongjiang Province [J].
Journal of Palaeogeography, 12(4): 425-431.]

A SCe . 2013, WL T — K 5 H DX o AR Al £ B <Lk

AR [D]. 22 - MK . [He W L. 2013. Plant fossils
from the Miocene of Ninghai— Tiantai region of Zhejiang
Province and the climatic change [D]. Lanzhou: Lanzhou
University. ]

WISEHh . 1951, Fh TR 2EEPE S (M), LRI AR R
[Hu X S. 1951. Handout on seed plant taxonomy [M].
Shanghai: Zhonghua Book Company.]

G B, FAAFR, AL 2003, B AR L S
A X R RS (3] Y, 23(3): 217-225.
[Jin J H, Liao W B, Wang B S, et al. 2003. Global change
in Cenozoic and evolution of flora in China [J]. Guihaia,
23(3):217-225.]

R . 2010, 7 JU 1R 7 R AR b A e L L AR

At [D]. dbst o EBE BB . [Li ) F.

2011. Early Miocene palynoflora from Weichang, Hebei

Province and its implications of palaeovegetation and

palaeoclimate [D]. Beijing: Institute of Botany, Chinese

Academy of Sciences.]

B, e, B 2020. w6 Z5 i S

MR WZ6-X I W 4y 8t — 1 rb g T 60k 4 5 B

oL [J). A E AR 37(2): 175187, [Li T,

Zhu 'Y H, Qin J G. 2020. Late Eocene to Early Miocene

T

palynological assemblages of well WZ6-X in the southwest
Weizhou sag, Beibuwan Basin, South China Sea and their
paleoenvironment [J]. Acta Micropalaeontologica Sinica,
37(2): 175-187.]

14 . 1995, ICHARHEY IR/ . IR (0], 4
Y or2EF4R, 33(2): 105—130. [Li N. 1995. Studies on the

b

geographic distribution, origin and dispersal of the family
Pinaceae lindl [J]. Acta Phytotaxonomica Sinica, 33(2):
105—-130.]

ZESCUT , BEEE . 1981, Wb e Y bR i ARy 4L A KO
FE W AN T b PR S ()], AE R, 23(6): 478—486,
520-523. [Li WY, Liang Y L.1981. The Pliocene sporo-
pollen assemblage of Huang Hua in Hebei plain and its
significance in palacobotany and palaeogeography [J].
Acta Botanica Sinica, 23(6): 478486, 520—523.]

20 . 1983 T J6l g St R LA M BT A A S
b B IRD A R (M T R A B T R e R 2R A
BReEZ LN . PURCER DU 20 b T . b st - BRAE R
162—166. [Li W Y. 1983. Sporo-pollen assemblages from
some localities of southern Tibetan Plateau in Pliocene

and their palacogeographical significance [M]// Tibetan

DOI: 10.7515/JEE221002



22 BRI

Plateau Comprehensive Scientific Expedition Team,
Chinese Academy of Sciences. Quaternary geology in
Tibet. Beijing: Science Press: 162—166.]

XU . 1988, FIEIL Iy M ER =22/ T A (1], AR #IR,
27(1): 75-85. [Liu G W. 1988. Palynological sequence of
Late Tertiary in northern China [J]. Acta Palaeontologica
Sinica, 27(1): 75—85.]

XIERE | BR~7 58 . 1980. T [ BRAZ bk i) 1y 21 73 A K 3 47
BB WS (1], = BB, 2(1): 9-21. [Liu L H,
Qiu X Z. 1980. Studies on geographic distributions and
situations of vertical zone of the Chinese Tsuga forest [J].
Acta Botanica Yunnanica, 2(1): 9-21.]

XPHCA . 1990. AR b 3 X W St — 50 = 20 f b 24 & 7
Y [0). Hy R, 14(4): 277-285. [Liu M L. 1990.
Upper Cretaceous and Tertiary palyno-assemblage
sequences in northeast China [J]. Journal of Stratigraphy,
14(4): 277-285.]

XL 2019, mREEEE B A A I 22 PR
SR EARIESE D). BW] - BRWIBL TR . [Liu S.
2019. Study on palacoenvironment restoration and tectonic
evolution of late Paleogene in Lithe Basin, Nanhua
County, Yunnan Province [D]. Kunming: Kunming
University of Science and Technology.]

FEADT L kTR, RIESC, 45 2020 SEA R AR LTI MY

DX 7 T — b Ay 10 S B A A8 Ak (0], B /O
J#, 34(4): 732—744. [Lu J F, Zhang K X, Song B W, et al.
2020. Paleogene— Neogene pollen and climate change
in Dahonggou region of Qaidam Basin [J]. Geoscience,
34(4): 732-744.]

THEERE . 1993, T 5% 7 b 55 = 2040 b A A S Ll SR BRI
W [0, A7l gH 7, 15(4): 423-435. [Ma J Q. 1993.
The Tertiary sporopollen assemblage in the Jiuquan Basin
and the palaeoenvironment [J]. Experimental Petroleum
Geology, 15(4): 423 -435.]

HBTE, TN, RZBE, 42008, 7 56 5 J5 L 8 dh s i
Ry ic s 5 T AR AL (). PEF (D #: HERF
=), 38(2): 187-196. [Miao Y F, Fang X M, Song Z C,
et al. 2008. Palynological records and paleoenvironmental
changes of the Eocene in the northern Qinghai-Tibet
Plateau [J]. Science in China (Series D: Earth Sciences),
38(2): 187-196.]

MR, AR, AR, AF L 2015 FOLul b AR —
B R AR S B AR S (0], A T TR

DOI: 10.7515/JEE221002

il $14 %

29(6): 26—28. [Nan K W, Niu G L, Cui W X, et al. 2015.
Mesozoic— Cenozoic sporo-pollen assemblages and their
era significance in Chunguang Oilfield [J]. Petroleum
Geology and Engineering, 29(6): 26—28.]

WS AR DXCHBTUR) . 1982, P95t 181 B35 S 2 b v AR A
M2 R (M. JEat BB L ¢ 149. [Geological
Bureau of Inner Mongolia Autonomous Region. 1982.
Mesozoic stratigraphy and paleontology of coal-bearing
basin in Guyang, Inner Mongolia [M
Publishing House: 149.]

RZIR, 2B RO 1976, 2B — e X A R
SRR LS MY/ R B R A B A
WFEHT . mEh AR CEME) - dest : Blea i
9-56. [Song Z C, Li M Y, Li W B. 1976. Palynological

]. Beijing: Geological

assemblages of Mesozoic and Early Tertiary in some

areas of Yunnan [M]// Nanjing Institute of Geology and
Palaeontology, Chinese Academy of Sciences. Mesozoic
fossils of Yunnan Province (Vol. 1). Beijing: Science Press:
9-56.]

RZBE 1959, IR ILIE Aot 2 P f L5 (9], A4
YR, (2): 17-28, 100—104. [Song Z C. 1959. Miocene
sporo-pollen complex of Shanwang, Shantung [J]. Acta
Palaeontologica Sinica, (2): 17-281, 100—104.]

RZBE. 1999, PEAHLA (H—) « B 2Etas =
e fuky (M. dbat : BReE i tt - 741-789. [Song Z C.
1999. Fossil spores and pollen of China (Vol. 1): the Late
Cretaceous and Tertiary spores and pollen [M]. Beijing:
Science Press: 741—-789.]

PN, FLIR R ¥, A 1981, REIEEILERILE =20
?H%E%‘QEA [1. Eb/ﬂﬂ FBEAEFEM , 19(2): 186-194.
[Sun X J, Kong Z C, Li P, et al. 1981. Early Oligocene
palynoflora in the northern part of South China Sea [J].
Journal of University of Chinese Academy of Science,
19(2): 186—194.]

TS E, JEAREE, APk, AL 1980. I T fr T A= 1A
W& (0. R FE BB : BT PT T
1(1): 84—109, 126—128, 130. [Sun X Y, Fan Y X, Deng
C L, et al. 1980. Cenozoic sporo-pollen assemblage of the
Weihe Basin, Shaanxi [J]. Journal of Chinese Academy of
Geological Sciences: Branch of Institute of Geology, 1(1):
84-109, 126128, 130.]

TAER, IMERIR, B 5K, A5 . 2014, AL 7l PY R AR IX
WL 20 A M R S [T). PR A ERE



5 BERAGEI . ¥HUS R — R T AEE

2, 44(7): 1429-1442, [Wan C B, Sun Y W, Xue Y F, et al.
2014. Neogene palynological assemblages in the west slope
of Songliao Basin and their geological implications [J].
Scientia Sinica (Terrae), 44(7): 1429—1442.]

ERETFLHE R, B, . 2021 W5k AL JE
T AT i 5 B A s B A [CL// v A2
[EL R WD N LB 7/ S A M e s Y/ )
iER7/E oy S NN ) Ei#’f‘”‘ 2021 A ARAE SR
2R s Y e )23 82. [Wang HTY,
Xiao L, Guo LY, et al. 2021. Two species of Tsuga from
Miocene of Inner Mongolia and phytogeography of the
genus [C]// Palacobotany Branch of the Palacontological
Society of China, Palacontological Society of Jiangsu
Province. Abstracts of the 2021 academic annual meeting
of palaeobotany branch of the Palaeontological Society of
China and Palaeontological Society of Jiangsu Province.
Palacobotany Branch of the Palacontological Society of
China: 82.

FIR, ML B, %1985 WL KRG . BiE ., el
WXL RATIRIZ B0 . BB (1) /=75
5, 9(1): 28—34, 81-82. [Wang K F, Jiang H, Zheng Z, et al.
1985. Sporo-pollen and diatom assemblages of basalt
sedimentary interbeds in Tiantai, Xinchang, and Shengxian
areas, Zhejiang Province [J]. Journal of Stratigraphy, 9(1):
28-34, 81-82.]

FIE, 30, & W, AF . 1975 AR ST
FEAC I A o — 20 R A S M B (0], A R
%, 10(4): 366374, 388—391. [Wang K F, Yang J W, Li
Z, et al. 1975. On the Tertiary sporo-pollen assemblages
from Lunpola Basin of Xizang, China and their
palaeogeographic significance [J]. Scientia Geologica
Sinica, 10(4): 366—-374, 388—391.]

TABER . 1989. )7 VUHR L BEIE F1G B AL £ RO AR 4
G 0. YR, 28(6): 786—802, 835—838. [Wang
W M. 1989. Spore and pollen grains from Miocene lignite
deposit of Yalong Village, Yao Autonomous County,
Guangxi, China [J]. Acta Palaeontologica Sinica, 28(6):
786-802, 835-838.]

FABE . 1990 S BT STiE it /R AR 2 5 MU (7]
FEY /R L 32(11): 901-904, 916. [Wang W M. 1990. Sporo-
pollen assemblage from the Miocene Tongguer Formation
of Inner Mongolia and its climate [J]. Journal of Integrative

Plant Biology, 32(11): 901-904, 916.]

FEARHA . 1992, P E R J7 R A — 2L AR AR IO AR ST (9] 74
(KRR, 9(1): 81-95. [Wang W M. 1992. Palyno-
floristic changes in the Neogene of south China [J]. Acta
Micropalaeontologica Sinica, 9(1): 81-95.]

EWetE, EHIGE, skBHMBE. 20050 1L AR FIE S A R A
WA A T R B S [0). R4k, 29(1): 22-27.
[Wang X M, Wang M Z, Zhang X Q. 2005b. Eocene
palynostratigraphy of Wutu, Shandong and its stratigraphical
significance [J]. Journal of Stratigraphy, 29(1): 22—-27.]

TeMy, FHIEL, TRBIBL . 2005a. v M b B tE— R TR
TH: 3 )= 8y 21 B H ol SRR AE [J). AL BK R
JH Hy g A ## H), 30(3): 309-316. [Wang X M, Wang
M Z, Zhang X Q. 2005a. Palynology assemblages and
paleoclimatic character of the Late Eocene to the Early
Oligocene in China [J]. Earth Science: Journal of China
University of Geosciences, 30(3): 309-316.]

EWeAE, skHBL, EWIE, 45 . 2003, 10 PH SR DX T AR
TB AP S M AR (9], Ll A2 IR

( HARFIFHR ), 22(3): 26—31. [Wang X M, Zhang X Q,
Wang M Z, et al. 2003. The palynoflora from Paleogene
of Fanshi, Shanxi, and discussion on their geological
age [J]. Journal of Shandong University of Science and
Technology (Natural Science), 22(3): 26—-31.]

HFAMg, EARTT . 1987, AP IS0 5 — 40— SR T ARy
W Lol S I R BT (1], P # R, 42(2):
165-178. [Xia Y M, Wang P F. 1987. The paleobotany
and paleoclimate in the Songnen plain: a study on the Late
Tertiary — Pleistocene spore pollen assemblages [J]. Acta
Geographica Sinica, 42(2): 165-178.]

MZDT, BRIV, BRI | AE L 2003, T AR 2 LA M
B — ERTGU B RIE S AR (0], BEPTHL I,
21(1): 36—44. [Xiao A F, Li D P, Zhang H J, et al. 2003.
Climate evolution and composional features of sporopollen
in the Oligocene — Pliocene series of the Kumukuli Basin
in Xinjiang [J]. Geology of Shaanxi, 21(1):36—44.]

TRWAR , K efs , ER, 45 . 2010. PURR A8 BE A
T — SO R 21 S B S )], Ak
Pl 35(5): 759—-773. [Xu Y D, Zhang K X, Wang G C,
et al. 2010. Geological significance of Miocene — Early
Pleistocene palynological zones in the Gyirong Basin,
southern Tibet [J]. Earth Science, 35(5): 759-773.]

T] . 1983, 7 I 4° A M AR — D Ak Al A S T Bk
0 H SR IRES (7). FraFHs B , 6(4): 18—26. [Yan S. 1983.

DOI: 10.7515/JEE221002



24 BRI

Tertiary sporopollen fossils and the natural environment
of Kuqa Basin, Xinjiang [J]. Xinjiang Geography, 6(4):
18-26.]

W 1978, S =LA G (J). £l , (S1):
1-62. [Yang J W. 1978. Tertiary sporopollen assemblages
in China [J]. Petroleum Geology and Experiment, (S1):
1-62.]

WA, R, EWR . 2009. S KX R AZ 8 B
AR A X S L TR AR 0. = A7 #E P 0F 52, 31(5):
389-398. [Yang Q S, Xing Y W, Zhou Z K. 2009.
Modern geographical distribution of 7suga and its climatic
conditions in the Asian monsoon region [J]. Acta Botanica
Yunnanica, 31(5): 389-398.]

WAk . 2006. ¥ R K B 43 A R 6 AR P A S O
R A SR BE ST (D], dbat - v ERE2 B 5T A= B

(FEPIWFFEAT ) . [Yao Y F. 2006. Eocene palynoflora
from Changchang Basin, Hainan Island and its bearing on
the implications of palacovegetation and palacoclimate [D].
Beijing: Graduate University of Chinese Academy of Sciences
(Institute of Botany).]

AR, RAESE 1983, AR A A MK O R A A
Lo F b i AR 0 0] AR 4%, 7(2): 112118,
163—164. [Yu J F, Wu Z J. 1983. Discussion on the
sporopollen assemblage and its geological age in Maowujing,
Maoming Basin, Guangdong [J]. Journal of Stratigraphy,
7(2): 112—118, 163-164.]

FRWUR, X EDE, 2B L 2010, AT B ML X LG BT T —
HROBT SRR 2 S SR T L[], R, 2903):
357-362. [Zhang S Q, Liu Y Y, Li M S. 2010. Eocene—
Miocene palynological assemblages in Wanchang area
of Jilin and their stratigraphic significance [J]. Global
Geology, 29(3): 357-362.]

SREEH, TRMA , RIS . 1996, TP HLIX TS = i &
FRIE B ARSE (0], BEACHLT , 102): 187-201. [Zhang
X J, He K Z, Zhou Z G. 1996. Features of sporopollen
assemblages and environment changes of Neogene in area
of western Yunnan [J]. Geoscience-Journal of Graduate
School, China University of Geosciences, 10(2): 187—201.]

KE2, IR, ERE . 1987, HMIEEKT ALk
AR B MR, ol U (9] R 05 B AR,
15(1): 18-25, 73—-74. [Zhang Y L, Wang K F, Wang J Z.
1987. Characteristics of spores and pollen assemblages,

paleophytes and paleoclimate of Hunchun Formation in

DOI: 10.7515/JEE221002

il $14 %

Hunchun coal mine, Jilin Province [J]. Coal Geology &
Exploration, 15(1): 18—25, 73-74.]

AT, AR, T IIET . 2004, LI AR I b X HoRr A 4
o JZ 220 5T (01, A0 %] L 78(3): 296301, 435-436.
[Zhao X L, Zhang X Q, Wang M Z. 2004. A study on
Miocene biostratigraphy in Liaocheng, NW Shandong [J].
Acta Geologica Sinica, 78(3): 296—301, 435-436.]

IRITHY . 1932, SEMERAZ Z — B Fh (0. A [ FF i 4L P iF
GEHIe . Y, 7(1): 1-2. [Cheng W C. 1932.
A new Tsuga from southwestern China [J]. Contributions
from the Biological Laboratory of the Science Society of
China: Botanical Series, 7(1): 1-2.]

KB HL , FESCHF . 1994, M) AR OB Se b S 2 7 KAk 20

B 0. 2 Y 7R, 33(2): 200-216, 277—-278. [Zheng
Y H, Wang W X. 1994. Sequence of Miocene Fotan Group
in southeastern Fujian and its palyno-assemblage [J]. Acta
Palaeontologica Sinica, 33(2): 200—216, 277-278.]

R HL, SRMAE . 1986, LRI T103 FLR bt s 41
& U B E 247, 3(2): 151-160, 228. [Zheng
Y H, Zhang S W. 1986. An Early Miocene palynological
assemblage from drill hole T103 in Tianchang, Anhui
Province [J]. Acta Micropalaeontologica Sinica, 3(2):
151-160, 228.]

FRAE AL . 1982, VLAl . T BT A 54683 M)/ I
ke hEARE SRR (1979) B
e L db st Bl R - 71-74. [Zheng Y H. 1982,
Miocene spore pollen in Xianju, Ninghai, Zhejiang [M]//
Palynological Society of China. Selected papers of the first
academic conference of Palynological Society of China (1979).
Beijing: Science Press: 71-74.]

Abuziarova R'Y. 1967. Neogene floras of the mountain regions
of Central Asia and Southern Kazakhstan (palynological
data of the Tien Shan and the Pamirs) [J]. Review of
Palaeobotany and Palynology, 5(1/2/3/4): 269-277.

Akhmetiev M A, Beniamovski V N. 2009. Paleogene floral
assemblages around epicontinental seas and straits
in northern Central Eurasia: proxies for climatic and
paleogeographic evolution [J]. Geologica Acta, 7(1/2):
297-3009.

Akhmetiev M A, Zaporozhets N I, Benyamovskiy V N, et al. 2012.
The paleogene history of the western Siberian seaway— a
connection of the Peri-Tethys to the arctic ocean [J]. Austrian

Journal of Earth Sciences, 105(1): 50—67.



MR, % SRERER, Ve — R Tk

Akhmetiev M A, Zaporozhets N 1. 2014. Paleogene events
in Central Eurasia: their role in the flora and vegetation
cover evolution, migration of phytochore boundaries,
and climate changes [J]. Stratigraphy and Geological
Correlation, 22(3): 312—335.

Averyanova A, Tarasevich V, Popova S, et al. 2021. Rupelian
Kazakhstan floras in the context of Early Oligocene
climate and vegetation in Central Asia [J]. Terra Nova,
33(4): 383-399.

Boulter M C, Manum S B. 1989. The Brito-Arctic igneous
province flora around the Paleocene/Eocene boundary [C]/
Eldholm O, Thiede J, Taylor E, et al. Proceedings of
the Ocean Drilling Program, scientific results. Vol. 104:
663—680.

Boulter M, Kvacek Z. 1989. The Palaecocene flora of the Isle of
Mull [M]// Special Papers in Palacontology: 42. London:
The Palacontological Association: 1—149.

Brikiatis L. 2014. The De Geer, Thulean and Beringia
routes: key concepts for understanding Early Cenozoic
biogeography [J]. Journal of Biogeography, 41(6):
1036—1054.

Burns R M, Honkala B H. 1990. Silvics of North America,
volume 1: conifers [M]// Forest Service, U. S. Department
of Agriculture. Agriculture handbook 654. Washington
DC: U. S. Government Printing Office: 1-877.

Chen C H, Bai Y, Fang X M, et al. 2019. A Late Miocene
terrestrial temperature history for the northeastern Tibetan
Plateau’s period of tectonic expansion [J]. Geophysical
Research Letters, 46(14): 8375—8386.

Collinson M E, Hooker J J. 2003. Paleogene vegetation of
Eurasia: framework for mammalian faunas [J]. Deinsea,
10: 41-83.

Currah R S, Stockey R A, LePage B A. 1998. An Eocene tar
spot on a fossil palm and its fungal hyperparasite [J].
Mycologia, 90(4): 667—673.

Denk T, Bouchal J M, Smirnov P, et al. 2021. Late Oligocene
leaf and pollen flora of southwestern Siberia: taxonomy,
biogeography and palaecoenvironments [J]. Historical
Biology, 33(11): 2951-2976.

Denk T, Grimsson F, Kvacek Z. 2005. The Miocene floras of
Iceland and their significance for Late Cainozoic North
Atlantic biogeography [J]. Botanical Journal of the
Linnean Society, 149(4): 369—-417.

Ding ST, WulY, Tang D L, et al. 2021. Seed cones of Tsuga
(Pinaceae) from the Upper Miocene of eastern China:
biogeographic and paleoclimatic implications [J]. Review
of Palaeobotany and Palynology, 285: 104358. DOI:
10.1016/j.revpalbo.2020.104358.

Farjon A. 1990. Pinaceae: drawings and descriptions of the
genera: Abies, Cedrus, Pseudolarix, Keteleeria, Nothotsuga,
Tsuga, Cathaya, Pseudotsuga, Larix and Picea [M].
Konigstein: Koeltz Scientific Books.

Farjon A. 2010. A handbook of the world’s conifers [M].
Leiden: Brill.

Feng Y'Y, Shen T T, Shao C C, et al. 2021. Phylotranscriptomics
reveals the complex evolutionary and biogeographic
history of the genus Tsuga with an East Asian-
North American disjunct distribution [J]. Molecular
Phylogenetics and Evolution, 157: 107066. DOI: 10.1016/
j-ympev.2020.107066.

Ferguson D K. 1967. On the phytogeography of coniferales
in the European Cenozoic [J]. Palaeogeography,
Palaeoclimatology, Palaeoecology, 3: 73—110.

Florin R. 1963. The distribution of conifer and taxad genera in
time and space [J]. Acta Horti Bergiani, 20(4): 121-312.

Fu L G, LiY, Mill R R. 1999. Flora of China (vol. 4) [M].
Beijing: Science Press & St. Louis: Missouri Botanical
Garden Press: 11-52.

Havill N P, Campbell C S, Vining T F, et al. 2008. Phylogeny
and biogeography of Tsuga (Pinaceae) inferred from
nuclear ribosomal ITS and chloroplast DNA sequence
data [J]. Systematic Botany, 33(3): 478—489.

Herbert T D, Lawrence K T, Tzanova A, et al. 2016. Late
Miocene global cooling and the rise of modern eco-
systems [J]. Nature Geoscience, 9(11): 843 —-847.

Holman G, del Tredici P, Havill N, et al. 2017. A new species
and introgression in eastern Asian hemlocks (Pinaceae:
Tsuga) [J]. Systematic Botany, 42(4): 733 —-746.

Kamenun P B. 2017. The history of the flora of Middle
Eurasia [J]. Turczaninowia, 20(1): 5-29.

LePage B A. 2003a. A new species of Tsuga (Pinaceae) from
the Middle Eocene of Axel Heiberg Island, Canada, and an
assessment of the evolution and biogeographical history
of the genus [J]. Botanical Journal of the Linnean Society,
141(3): 257-296.

LePage B A. 2003b. The evolution, biogeography and

DOI: 10.7515/JEE221002



26 HOERIRIE 24

palacoecology of the Pinaceae based on fossil and extant
representatives [J]. Acta Horticulturae, 615: 29—52.

Macko S. 1963. Sporomorphs from Upper Cretaceous near
Opole (Silesia) and from the London Clays [J]. Travaux de
la Société des Sciences et des Lettres de Wroclaw, Séria B,
106: 1-136.

Mai D H, Walther H. 1978. Die Floren der Haselbacher Serie
im Weilelster-Becken (Bezirk Leipzig, DDR) [M].
Dresden: Abhandlungen der Staatlichen Museums fiir
Mineralogie und Geologie zu Dresden: 1—200.

Manum S. 1962. Studies in the Tertiary flora of Spitsbergen,
with notes on Tertiary floras of Ellesmere Island,
Greenland, and Iceland: a palynological investigation [M].
Oslo: Oslo University Press: 1—-127.

Marincovich L Jr, Brouwers E M, Hopkins D M, et al. 1990. Late
Mesozoic and Cenozoic paleogeographic and paleoclimatic
history of the Arctic Ocean Basin, based on shallow-water
marine faunas and terrestrial vertebrates [M]// Grantz
A, Johnson L, Sweeney J F. The Arctic Ocean Region.
Boulder: The Geological Society of America: 403—426.

Marincovich L, Gladenkov A Y. 1999. Evidence for an early
opening of the Bering Strait [J]. Nature, 397(6715):
149-151.

Miller C N. 1977. Mesozoic conifers [J]. The Botanical Review,
43(2): 217-280.

Miller Jr C N. 1988. The origin of modern conifer families [M]/
Beck C B. Origin and evolution of gymnosperms. New
York: Columbia University Press: 444 —486.

Page C N. 1988. New and maintained genera in the conifer
families Podocarpaceae and Pinaceae [J]. Notes Royal
Botanic Garden Edinburgh, 45(2): 377—-395.

Popova S, Utescher T, Averyanova A, et al. 2019. Early
Miocene flora of central Kazakhstan (Turgai Plateau) and
its paleoenvironmental implications [J]. Plant Diversity,
41(3): 183-197.

Popova S, Utescher T, Gromyko D, et al. 2012. Palaeoclimate
evolution in Siberia and the Russian far east from the
Oligocene to Pliocene: evidence from fruit and seed floras [J].
Turkish Journal of Earth Sciences, 21(2): 315-334.

Rayushkina G S. 1979. Oligocene flora of the Mugodzhar Hills

DOI: 10.7515/JEE221002

%14 %

and the southern Altay kray [M]. Alma-Ata: Nauka: 156.

Sun X J, Wang P X. 2005. How old is the Asian monsoon
system? Palacobotanical records from China [J].
Palaeogeography, Palaeoclimatology, Palaeoecology,
222(3/4): 181-222.

Tiffney B H, Manchester S R. 2001. The use of geological
and paleontological evidence in evaluating plant
phylogeographic hypotheses in the northern hemisphere
Tertiary [J]. International Journal of Plant Sciences,
162(S6): S3—S17.

Tzanova A, Herbert T D, Peterson L. 2015. Cooling
Mediterranean Sea surface temperatures during the Late
Miocene provide a climate context for evolutionary
transitions in Africa and Eurasia [J]. Earth and Planetary
Science Letters, 419: 71 —80.

Wang H B, Bondarenko O V, Jacques F M B, et al. 2015. A
new species of Tsuga (Pinaceae) based on lignified wood
from the Late Miocene of central Yunnan, China, and
its paleoenvironmental implications [J]. Acta Geologica
Sinica: English Edition, 89(5): 1429—-1439.

Wu M X, Huang J, Su T, et al. 2020. Tsuga seed cones from
the Late Paleogene of southwestern China and their
biogeographical and paleoenvironmental implications [J].
Palaeoworld, 29(3): 617—628.

XingY W, LiuY S, Su T, et al. 2013. A new Tsuga species from
the Upper Miocene of Yunnan, southwestern China and its
palacogeographic significance [J]. Palacoworld, 22(3/4):
159-167.

Yi T M, Li C S, Jiang X M. 2005. Conifer woods of the
Pliocene age from Yunnan, China [J]. Journal of
Integrative Plant Biology, 47(3): 264—270.

Zachos J C, Dickens G R, Zeebe R E. 2008. An Early Cenozoic
perspective on greenhouse warming and carbon-cycle
dynamics [J]. Nature, 451(7176): 279—283.

Zachos J, Pagani M, Sloan L, et al. 2001. Trends, rhythms, and
aberrations in global climate 65 Ma to present [J]. Science,
292(5517): 686—693.

Zhilin S G. 1974. The Tertiary floras of the Plateau Ustjurt
(Transcaspia) [M]. Leningrad: Komarov Botanical

Institute of the Academy of Sciences of the USSR: 1-124.



