DOI:10.19800/j.cnki.aps.2017.04.014

,56(4):549—561(2017 12 )

Acta Palaeontologica Sinica, 56(4) :549—561(December, 2017)

*
1.2.3) % % 1 4) 1,2) 5) 1.2) 1)
2) D
1 s 710054 ,1zulixiangchuan@163. com;
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5) . 650000
(LMA) . (CLAMP) (CA)
16, 04+1.3 C, 26.3+£1.5 C, 6.242.6 C. 8.640.7
1492+218 mm, 3 701+139 mm 3 1704+41 mm,
- o Clift ~ (2008)
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17—3 Ma
(ODP Site 718 Indus Marine A-1),
(Hay et al. ,2002), 17 Ma,
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(2002) 22—6. 2 Ma — ( )
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( . ,1992), N (
, 10), . )
s o s - (E,smn)
( . ,1992), , o
( (23°31'N,100°42"'E,1 620 m;
.1978), s 1B)
( ( 1), (Oreopanax
,1978), ox fordensis) . (Ficus parasemicordata)
o (Berryophyllum, Dryophyl-
s lum) | (Myrica banksiae folia) ,
(leaf margin analysis, LMA) . (1978) .
(climate-leaf analysis , (
multivariate program, CLAMP) ,1990,1996) . ( ,
(the coexistence approach, CA), 1988; ,1990,1996) .
) ( ) ( ,1992) | ( .
(morphotype) ,1984; ,1992),
( N Do o
) 2.2
( ,2008,2009),
(CA), ) . . .
( ) ( . (
,2005; Spicer et al. ,2014,2017), .1978)
, ; 17 23
s 36 C 1),
2.3
2 II.
2.1 2.4
) 2.4.1
. , (LMA)
(Huang et al. ,2016), N P (MAT)
(Wing
(Sun et al. ,2011), and Greenwood,1993), ,
( 1A,1B), )
- ( ( . N . N Do
) ) i
o , ( Gregory-Wodzicki, 2000; Kowalski, 2002;
(N;s) , . R Greenwood et al. ,2004;Jacques et al. ,2011a), Li
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Miocene fossil locality of Jinggu, Yunnan(A,B) and lithostratigraphic column of the Sanhaogou Formation(C)

(2016) ), 0.052C Miller et al.,
s - 2006) ,n o
o 33
) ) ( D. ,
MAT=
1.038+27. 6 X P(50 ’ 1 (  Chenetal.,2014) o
(Suetal. ,2010) ,MAT=6.68+22. 3XP(732 2.4.2
, 2)(Chen et al. ,2014); ,
(Jacques et al. , (CLAMP)
2011a) : MAT = 1. 141+ 30. 6 X P(Wolfe, 1979 ; Wing ,
and Greenwood,1993) , ( . N
(SE) , )
- ( datasets) .

P(1—P)

SE:bX\/[H—cp(nfl)P(lfP)]X
b

(overdispersion factor,

¢

(canonical

correspondence analysis, CCA) (Wolfe, 1993),

) (CANO-
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I
Taxonomic compositions of the Early Miocene Jinggu megaflora, Yunnan
CA LMA CLAMP

Cupressaceae Calocedrus [@D) C. lantenoisii 1 + — —

Cephalotaxaceae Cephalotazus (2) Cephalotazus sp. 2 + — —

Magnoliaceae Magnolia (3 M. latifolia 3 + + +

Annonaceae Annona (€Y A. pinnatinervis 4 — + +
Uvaria (5) U. yunnanensis 5 — + +
Lauraceae Machilus (D M. ugoana 6 + + +
Notha phoebe (6) N. precavaleriei 7 + + +
Phoebe (6) P. parananmu 8 + + +
P. pseudolanceolata 9 + + +
Ulmaceae Zelkova 7 Z. ungeri 10 + + +
Moraceae Ficus 4 F. parasemicordata 11 + + +
Fagaceae Berryophyllum * B. parvum 12 - + +
B. relongtanense 13 — + +
B. yunnanense 14 — + -+
Lithocarpus 3 L. angustus 15 + + +
L. lancifolius 16 + + +
Lithocarpus sp. 17 + + +
Quercus (8) Q. decora 18 -+ —+ +
Q. haugii 19 + + +
Q. lahtenoisii 20 + + +
Q. latifolia 21 + + +
Q. parachampionii 22 + -+ -+
Q. parahel feriana 23 + + +
Q. paraschottkyana 24 + + +
Q. simulate 25 —+ —+ +
Q. zeilleri 26 + -+ +
Myricaceae Myrica (8) M. banksiaefolia 27 + + +
Juglandaceae Carya (3) C. cordioides 28 + + +
Fabaceae Cercis (8) Cercis sp. 29 + — —
Erythrophleum (5) E. ovatifolium 30 + + +
Combretaceae Terminalia (€Y T. longipedis 31 — + +
Anacardiaceae Rhus (8) Rhus sp. 32 + + +
Sapindaceae Acer (8 Acer sp. 33 + + +
Araliaceae Oreopanax O. ox fordensis 34 — + +
Styracaceae Rehderodendron [@F) Rehderodendron sp. 35 + + +
Oleaceae Jasminum 4) J. paralanceolarium 36 + + +
(1978), + 3 CA s
s . Kk Dryophyllum, (1996)
Berryophyllum, (199D, (1) ( - ) . (2) ,(3) - , (4)
,(5) ,(6) (7)) ,(8) .
cO) ( Physg3arcAZ- Physg3brcAZ . 144
Met3arAZ) o CLAMP . (

. 106 - ) (Wolfe,
(Wolfe,1993), , 1993), (
( http://clamp. ibcas. ac. cn/): Physg3arcAZ, )
Physg3brcAZ,PhysgAsial (Jacques er al. ,2011b), : PhysgAsial  Physg
PhysgAsia2(Khan et al. ,2014)  PhysgGlobal378 Asia2, PhysgAsial 45
(Yang et al. ,2015), ,Physg3arcAZ Physg3brcAZ 144 (Jacques et
173 - , al. ,2011b), PhysgAsia2 33



I

Quantitative reconstructed climatic parameters for the Jinggu megaflora

cC)H MAT(Mean annual temperature) CLAMP, LMA, CA
cC)H WMMT (Warmest month mean temperature) CLAMP, CA
C)H CMMT (Coldest month mean temperature) CLAMP, CA
GRS(Length of the growing season) CLAMP
GSP(Growing season precipitation) CLAMP
MMGSP(Mean monthly growing season precipitation) CLAMP
3 3-WET (Precipitation during the three consecutive wettest months) CLAMP
3 3-DRY (Precipitation during the three consecutive driest months) CLAMP
RH(Relative humidity) CLAMP
SH(Specific humidity) CLAMP
ENTHAL(Enthalpy) CLAMP
(mm) MAP(Mean annual precipitation) CA
(mm) MP-WET (Mean precipitation of the wettest month) CA
(mm) MP-WARM(Mean precipitation of the warmest month) CA
(mm) MP-DRY (Mean precipitation of the driest month) CA

( . )
Physg3brcAZ 144 (Khan et al. ,
2014), ,Yang (2015)
PhysgGlobal378,
378 , CLAMP
,Physg3arcAZ  Physg3brcAZ
(gridded) (ungrid-
ded) (Spicer et al. ,2009),
(gridded) .
——PhysgAsial-
GridMetAsial (Jacques et al. ,2011b)
CLAMP
\ (  Yang et al. ,2007,2015; Grimm
and Potts, 2016), (. oxygen
isotope) ., CLAMP
(Herman and Spicer,
1996), s

b

( Wolfe,1995;Spicer,2000; Spicer e al. ,2014)

, CLAMP
33 (> 220 )
( I, 1),
0.63(> :0.6),
. ) Xia  (2009)
Jacques  (2011a) Jac

ques  (2011b) PhysgAsial-GridMetAsial

2.4.3
(the nearest living relative
method; Mosbrugger,1999) s
(NLR) )
( ) ( Mosbrugger,
1999),
(  Uhletal..2006),
(CA)
(Uniformitarianism) , ,
( ) (the nearest living
relative, NLR) (climatic tolerance)
, NLRs ,
( Mosbrugger and Utescher,
1997) . >
NLR , the Palaeo-
flora database(Mosbrugger and Utescher, 1997)

5 NLR ,
Mosbrugger Utescher (1997) Jacques
(2011a) E— (
eflora) NLR ,
Mueller(1996) (2004)

NLR o



, , Grimm  Denk +2.3 C( .
(2012) Grimm  Potts(2016) 1(Su et al. ,2010)
o s 2(Chen et al. ,2014) .
CA
’ ) 3.2
( Huang et
al. ,2015), , ( Vo, ,
29 ( 1), PhysgAsial-GridMetAsial
3 , (Jacques
etal.,2011b,2014),
CLAMP
s (MAT) 16.041.3 C, (WMMT)
o 26.3+ 1.5 C, (CMMT) 6. 2+
2.6 C, (GRS) 8.640.7,
3.1 (GSP) 14924218 mm,
33 ) (MMGSP)  180£25 mm, 3
15, 45.5%, (3-WET) 7014139 mm, 3
(Wing and Greenwood, 1993; Wolfe, (3-DRY) 170+41 mm. (RH) 74.7%
1979) . 1(Su et al. ,2010) 2 +6. 0%, (SH) 9.341.2 g/kg
(Chen et al. ,2014), (ENTHAL) 32.640.5 kJ/kg,
(MAT) 15.1£3.2°C.,13.6+2.8°C 16.8
r
Results of LMA analysis of the Jinggu and adjacent megafloras compared with the modern values
LMA MAT(CC)
* *
MAT=1.1414+30. 6 XP 15.1+3.2 24,4421 22.342.5 Wolfe,1979; Wing and Greenwood, 1993
MAT=1.038+27.6XP 13.6+2.8 22.041.9 20.142.3 Suetal. 2010
MAT=6.68+22.3XP 16.8+2.3 23.6E1.5 22.1+1.9 Chen et al. ,2014
w( ) 17.5 ,2004
W ( ) 20 L1964
* P 0. 69(Xia et al. ,2009) 0. 76(Jacques et al. ,2011), ¥
23°53'N,100°5'E,1 502 m; 23°16'N,100°42'E, 913 m,
3.3 4
V. (MAT) 15. 6— s
21.9 C, (WMMT) 22.1—26.1 C, o
(CMMT) 6.1—13.6 C. ,
(MAP) 1175—1 322 mm, (MP- :
WET) 164—195 mm, (MP- (Chen et
DRY) 19—38 mm (MP- al.,2014)
WARM) 120—142 mm, CLAMP  PhysgAsial-GridMetAsial (Jac-
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N CLAMP
Results of CLAMP analysis of the Jinggu and adjacent megafloras compared with the modern values
Physg3arc-  Physg3arc-  Physg3bre-  Physg3bre- PhysgAsial- PhysgAsial- PhysgAsial-
Met GridMet Met GridMet GridMetAsial GridMetAsial GridMetAsial
MAT(CC) 19.3+1.7 17.1£1.6 18.34+1.2 17.1£1.2 16.0%1.3 18.3+1.3 17.8+1.3 17.5 20
WMMT(CC) 29.3+1.8 27.7+1.8 28.9+1.6 27.8+1.4 26.3+1.5 26.2+1.5 24.8+1.5 21.6 24.6
CMMT(C) 7.84+2.5 5.7+2.1 7.3+1.9 6.44+1.9 6.2+2.6 10.3+2.6 11.042.6 11.2 12.2
GRS(month) 10.940.9 9.340.8 10.540.7 9.440.7 8.64+0.7 9.440.7 9.54+0.7 12.0 12.0
GSP(mm) 2855+317 19004195 2790+337 18814202 14924218 19554218 1206+218 1163 1142
MMGSP(mm) 332437 251425 336437 250426 180+25 207+25 129425 97 95
3-WET(mm) 13084138 8024134 12984140 7834146 7014139 8494139 6204139 650
3-DRY (mm) 836+90 227435 892493 261432 170+£41 212441 152441 41
RH(%) 65.148.1 69.0+6.3 71.3+7.3 77.3%5.1 74.7+6.0 82.6+6.0 72.746.0 72.0 75
SH(g/kg) 8.0+1.0 8.7+1.0 8.840.9 10.14+1.0 9.3+1.2 12+1.2 10+1.2
ENTHAL
31.2+0.4 32.4+0.4 31.3+0.3 33.0+0.5 32.6+0.5 33.8+0.5 33.1£0.5
(kJ/kg)
* N . m. . Xia  (2009)  Jacques
(2011,
v
Results of CA of the Jinggu megaflora compared with the modern values
*
MAT/C 15.6—21.9 Rehderodendron Zelkova 100% 17.5 20
CMMT/C 6.1—13.6  Erythrophleum  Rehderodendron 100 % 11.2 12.2
WMMT/C 22.1—26.1 Erythrophleum Nothaphoebe 100% 21.6 24.6
MAP/mm 1175—1322 Notha phoebe Rehderodendron 100% 1163 1142
MP-WET/mm 164—195 Rehderodendron Rhus Nothaphoebe s Erythrophleum 93.1% 235
MP-DRY/mm 1938 Machilus Rehderodendron 100% 10
MP-WARM/mm 120—142  Rehderodendron  Erythrophleum 100% 192
* N N .
ques et al. ,2011b), VI 16.8 °C CLAMP, (CA)
, s (MAT), ( 16.0 C 15.6—21.9 C)
(CMMT) (WMMT) , (Chen et al. ,2014)
s o (Wolfe,1979; Wing and Greenwood,
1993;Su et al. ,2010) o
4.1 CLAMP , PhysgAsial-Grid-
( M, MetAsial .
( .
1(Su et al. ,2010) 13.6 C, .
( Wolfe, 1979; Wing and Greenwood, 1993) .
15.1 °C, 2(Chen etal. ,2014) 16.8 C, )
, (LMA) 2 (Chen et al., 2014)
(Su et al. ,2010;Chen et al. , 16.8 C (MAT) CLAMP
2014) o s 2( 16.0 C C VD,
Chen et al. ,2014) (CA) 15.6—21.9 C (
1C Suetal.,2010), Chen (2014) 18.8 C),
(

o

2 (Chen et al. ,2014)
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The results of climatic parameters of the Miocene Jinggu and adjacent megafloras reconstructed by CA, CLAMP, and LMA

*

LMA CLAMP CA LMA CLAMP LMA CLAMP
13.64+2.8/ 22.0+1.9/ 20.1+2.3/
MAT(CC) 16.04+1.3 15.6—21.9 18.34+1.3 17.84+1.3 17.5 20
16.842.3 23.6+1.5 22.1+1.9
WMMT(C) 26.3+1.5 22.1—26.1 26.2+1.5 24.8+1.5 21.6 24.6
CMMT(CC) 6.24+2.6 6.1—13.6 10.34+2.6 11+2.6 11.2 12.2
GRS(month) 8.64+0.7 9.4+0.7 9.5£0.7 12.0 12.0
GSP(mm) 14924218 19554218 12064218 1163 1142
MMGSP(mm) 180+25 207425 129425 97 95
3-WET(mm) 7014139 8494139 620139 650
3-DRY(mm) 170441 212441 152441 41
MAP/mm 1175—1322 1142
MP-WET/mm 164—195 235
MP-DRY/mm 19—38 10
MP-WARM /mm 120—142 192
RH(%) 74.7+6.0 82.6+6.0 72.7+6.0 72.0 75
SH(g/kg) 9.341.2 1241, 2 1041, 2
ENTHAL(k]J/kg) 32.6+0.5 33.8+0.5 33.1+0.5
* 1118
(CA).CLAMP C I,V
(LMA) (Xia et al. ,2009; Jacques et al. ,2011a), ,1964) ,CLAMP 8.640.7 ,
, 3
CLAMP(17.8 C) 5°C, ( {
< (CA, 18 C, Xia et » ,1985),
al,2009)< (LMAe 22 1 OC)v ) 1)
CLAMP(18. 3 C) << (CA, ) ( 913 m)
18.8 C, Jacques et al. ,2011a) << 1957—1961 C VI(
(LMA,23.6 C), , 1964)
’ ’ ° 6 OC /km
( ,2006 ), ( 1620 m)
( ), 20— (1620—913) X 0. 006==15.8 C,
CLAMP, (LMA) (CA)( 24, 6 — (1620—913) X 0. 006 ==
CLAMP ) ( 20.4 °C, 12. 2 — (1620—913) X
Mosbrugger and Utescher, 1997 ; Sun et al. ,2002; 0. 006 8.0 C, ,
Liang et al. .2003; Uhl et al. ,2007), s , (
s CLAMP 20.1°C 12.4 °C),
, (LMA) ( .
(CLAMP) . . )
) ( )
( ) N ). (Zachos et al., 2001; Liu and Yin,
(WMMT) (CM- 2002) : N )
MT) ¢ VI),CLAMP 26. 3% .
L5C 6.24+2.6 C, . ,
22.1—26.1°C 6.1—13.6 C, N N
. ( I,
, 12 )



4.2
CLAMP , PhysgAsial-Grid-
MetAsial
( N,
o ( Physg
Asial-GridMetAsial) .
(Xia et al. ,2009;Jacques et
al.,2011a), : PhysgAsial-

GridMetAsial

(  Jacques et al. ,
2011a Physg3brc
GSP 3711 mm), )

. CLAMP 8.6
(GSP) 14924218 mm,
(MAP) 1175—1 322 mm,
1 142 mm
C N.V.VD.
NLR )
(Grimm and
Denk,2012; Grimm and Potts,2016) ,
( VD,

235 mm 10 mm,

CLAMP 3 (3-WETD)

3 (3-DRY) 701 +

139 mm 170+41 mm( 4. 1),
164—195 mm 19—38 mm( 6.3),
3-WET: 3-DRY 6

(Lau and Yang, 1997; Zhang and Wang, 2008;
Spicer et al. ,2014),
. .CLAMP
C VD,

4.3
(Grimm and
Denk, 2012; Grimm and Potts, 2016),
CLAMP
16.0£1.3 C, 26. 3%+
1.5 C, 6.2£2.6 C, 8.6£0.7

14924218 mm. 3

7012139 mm 3 170+
41 mm, - (
{ » ,1985),
( ) )
2006) , s (
VI, 12.4°C), ,
( Do
1:4.1 1:6C 4.2
) s
(1991
11 <« 1), 21
52. 4% Berryophyllum
Oreopanax) ,
60 %% (

2007 ;7Zhu,2013),

b

D

26. 34+1.5C,
+0.7 N
701
170+41 mm

2)

,1999; Zhu et al. ,

,1978),

b

16. 0£1.3 C,
6.2+2.6 C,
1492+218 mm,

+139 mm 3

o b A

o

8.6
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I CLAMP
The statistics of the leaf scorings for CLAMP

on the Jinggu megaflora

%

1 3
2 45
3 45
4 3
5 3
6 52
7 0
8 0
9 I 0
10 11 0
11 I 4
12 11 63
13 111 30
14 I

15 11 0
16 111 0
17 ) 6
18 25
19 22
20 47
21 13
22 13
23 73
24 <1:1 0
25 =1—2:1 30
26 =2—3:1 33
27 =3—4:1 17
28 >4:1 20
29 31
30 63
31 6
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Abstract

The paleoclimate of the Early Miocene Jinggu
megaflora in Yunnan was quantitatively recon-
structed here by application of three techniques to
its taxonomic and morphotype samples, i. e. Leaf
Margin Analysis (LMA), Climate-Leaf Analysis
( CLAMP ), and the

Coexistence Approach (CA). Detailed comparisons

Multivariate Program
of various methods for accuracy in paleoclimatic
estimates on this fossil flora were also presented.
Thus,

validation of the results indicate that the most

comprehensive consideration and cross
probable paleoclimatic estimates are 16. 041.3 C
for mean annual temperature (MAT), 26. 3 +

1.5 °C for warmest month mean temperature

(WMMT), 6.2+2.6 C for the coldest month
mean temperature (CMMT), 8. 6+0. 7 months for
the growing season (GRS), 1 492 £ 218 mm for
growing season precipitation (GSP), 701£139 mm
for the precipitation during the three consecutive
wettest months(3-WET) and 17041 mm for the
precipitation during the three consecutive driest
( 3-DRY ). The

southern-central subtropical

months results represent a
climate in Jinggu
during the Early Miocene, which is favored by the
existence of many tropical elements in this

paleoflora.  Furthermore, the seasonality in

temperature and precipitation during the Early

which

implies that a weak monsoonal signal other than

Miocene was not conspicuous enough,

the strong monsoon climate regime possibly

occurred at that time.



