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Abstracl This paper presents vegetation ancl environmental hislory c111ring the pasl 9000 BP from Longnan 

at the lower Yangtze valley in East China. basecl on pollen analysi~え ancl racliocarbon c1atcs for the RN98D core. 

Result日 show lhat the early!micl-Holocene was c10minatecl by sllbtropical evergreen broacl-leavecl forest of 

Lif!WC(l/pUS! Casfal10psis ancl QuerclIs Cyc/obalal1opsis. which characterises the vegetation of South China to the 

sOllth of 30_320 N toclay. At ca. 5000 BP. the Lif!IOCWpUS! c.ωfallopsis rapiclly clecreasecl. giving way to open for 

est where Q. C.,'c!o!JalwlOpsis remainecl abllnclant. :¥t ca. 3000 BP clense forest retllrnecl. forming evergreen 

ancl clecicluollS broacl-Ieavecl mixecl forest clominatecl by Q. Cyclo!>alal1υ'psis with some Qμ'pido!>alal1l1s. Lifho 

carplls! Casfal1opsis. CWpiIlIlS. Ulmaceae. Myrim. Liqllidalll!>ar. efc which may be the potenti日 1 natural vegetation 

of the Yangtze c1elta. This vegctalio日!environmental history is consistent with prior Holocene pollen c1ata acｭ

cumlllatecl in the lower Yangtze valley. suggesting hypsithermal (warmer than present) climate in the micl 

Holocene followecl by a cooling trencl towarcl the present. Inflllcnce of the Neolithic hllman activities was 

relatively small comparecl with regional archaeological backgrollncls. J¥pparent hllman eviclence with intense 

agricultllre is representecl as increases in Pillll,\" an <1Brassicaceae ncar the top of thc cliagram. which agrees 

with the parallel Caucluntoll recorcl from western hillsicles 

Key words: palynology. vegε1日tion. Yangtze River. China. pιtlaeoclimate. Holocene. hypsithermal 

The flat. low田lying deltaic regions in East China are 

c1ensely populated ancl are sensitive to climate 

changes. and the lower Yangtze River valley aroLlncl 

Shanghai (Fig. 1) is one of the economic centres of 

East China that may be vulnerable to a certain sea 

level rise. Formation and evolution of the c1elta plain 

related to past sea level changes hav巴 been studied for 

the last c1ecacles (Wang ancl Wang. 1980; [-[ong. 1991; 

Fang.199l; Chang ancl Liu. 1996; Yu et (/1..1999). These 

results revealed large-scale migration of the Yangtze 

c1elta shoreline c1uring the past 10.000 years. Tai Lake 

(Taihu). one of the biggest fresh-water lakes in China. 

was formed as late as 4000 BP. [n a larger scale. Pleisｭ

tocene environments ofthe Yangtze region have been 

affected by glacial" ellstasy. which almost drainecl the 

East China Sea at the Last Glacial �!aximum (LG�l) 

at 21 ka (Zhao ef (/1.. 1979: Peng ef (/1.. 1984; Qin and 

Zhao. 1991). I-Iunclrecls of Neolithic cllltural sites have 

been c1evelopecl arouncl the sOllthern Yangtze c1elta 

Fig. 1. tvlap ()f our research areas in China. based on the re 
sear('h project of the Natllral H目tory �lusellm and Institute. 

Chiba cnlilled 'Vegetation and environmental changes in East 
Asia and the Pacific regions' organised bl' i'd. O. Hutched: the 
lower Y日ngtze River valley. SE Jiangsll province (this study). 
Shaded: the upper Yangtze River valley. NW Y llnnan prov 
ince (Okllda el al.. 2005) 
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sllpplement the knowledge of palaeovegetation and 

environments (Wang el al.. 1984: Liu el al., 1992: Sun 

and Huang, 1993; Liu and Chang, 1996: Xu el al.. 1996; 

Yll el al.. 2000: Han el a l., 2000: Yi el al., 2003). The 

south巴rn Yangtze delta plain has thick (ca. 200-300 m) 

Quaternary deposits of alluvial. lacustrine and marine 

origins (Zhu el al.. 1987: Shao el al.. 1991) , being suitｭ

able for the Holocenel Pleistocene palynological studｭ

ies. These studies have reported palynoflora with 

abundant mesic trees around Tai Lake (Xu el al.. 1996: 

Yi el al.. 2003) , although core sites in estuary region 

yield abundant pines and herbs in the earlier periods 

of the I-Iolocene (Liu and Chang目 1 996: Yu eT al.. 2000) 

Biog巴ographicall y. the plain of mid-lower reaches of 

the Yangtze River lies between the t巴mperate deciduｭ

ous forest of North China and subtropical evergreen 

forest of South China (Li el al.. 1995). The plain conｭ

sists of a sort of transi tional zone between the two 

major climate/vegetation regimes of China (Fig. 3a) 

This means that the vegetation of the Yangtze valley 

are relatively sensitive to th巴rmal changes. because 

both warming and cooling are recorded as signiiicant 

vegetation migration. According to reconstruct巴d

vegetation. the mid-/lower Yangtze valley was 2
0 
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Fig.2. Neolithic culture in the southern Yangtze delta 
plain. (a) locations of the early to late Neolithic clIltllral 
sites (after Zheng e/ al.. 1994). (b) Time ranges of the 
Neolithic to Bronze Age cllltllres arollnd the Yangtze 
delta (after Yi e/ al.. 2003). 
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Fig. 3. Geographical properties of China. (a) Modern climate 
regimes based on meteorological observations (terms by 
Domr� and Peng. 1988): (b) Potential natural vegetation I・e
gimes speculated by the climate and presentlpast vegetation 
infonnation (illllstration after Shi e/ al.. 1993) 
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plain since 7000 BP (s巴e Zheng el al.. 1994) (Fig. 2a). 

These Neolithic cultures consisted of the Majiabang 

culture (7・6 ka) , the Songze culture (6-5 ka) and the 

Liangzhu culture (5-4 ka) around the Yangtze delta. 

followed by the Bronze Age civilization after a tempo 

ra1 cultural discontinuity (Fig. 2b). Many sites were 10-

cated near the past shorelines. suggesting a relation 

between the Neolithic hllman settlements and sea 

level history during the Holoc巴ne. Recent archaeologiｭ

cal and mol巴cul ar genetic studies suggested that the 

lower to midclle Yangtze valley is th巴 origin for growｭ

ing paddy rice in East Asia (Wu. 1983a: Glover and 

Higham. 1996: Yasuda. 2002: Sato. 2002). 

The lower Yangtze region also provides themes for 

the vegetation science. The long. intense human settle 

ments during the last millennia have altered the landｭ

scapes of this region. and th巴 natura l vegetation of the 

Yangtze valley is merely imagined from small patches 

of native forest surviving on surrounding hills (see 

Wu. 1983b). Nllmbers of pollen records have be巴n acｭ

cumulated in and around the Yangtze delta to 
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Fig.4. Map of the lower Yangtze region. East China. with locations of Longnan and prior palynolotical sites. NO denotes the No.lJ 
core site (Wang el al.. 1984). QD denotes Qidong (Lill el 01..1992). EA denotes E,A in Taihu Lake (Xll el 01..1996). CS denotes the 
CS.05 (Yu el (/1. 2000). HQ denotes HQ98 (Yi el (/1.. 2003) CDT denotes Calldllntoll (Okuda el (/1.. 2003). An open star denotes 
Longnan (present stlldy) 

warmer than at pres巴nt under th巴 hypsith erma l cond卜

tions in 6-7 ka (Wu. 1983a: Shi el al.. 1993; Zheng el (/1 .. 

1999). These v巴getation migration recorcls seen in fosｭ

sil pollen may be infonnative when consiclering the 

vegetatlon r巴sponse to the future global warming 

This paper provid巴s a 5 m-long pollen recorcl from 

Longnan (or Ryunan in ]apanese pronunciation. proｭ

vicling the cocle RN) 白 located 10 km apart of the Tai 

Lake coast as w巴 11 as 35 km south of Suzhou (Fig. 4) 

This area is occupied by innumerable small water 

pools, facing the provincial border to t h巴 Zhejiang

province. Three radiocarbon clates are obtainecl to 

give a time scale to the vegetation history. To the ca. 

150 km west. we have settlecl a parallel stucly site 

termecl Cauduntou. with a 2.5 m-Iong poll巴n diagram 

publishecl in Okucla et al. (2003). 1n this pap巴 r. we 1I1teｭ

grate the knowleclge from the two palynological stuclｭ

ies as well as prior l'巴 presentative pollen clata in th巴

vicinity. in ord巴l' to show the vegetation ancl environｭ

m巴ntal history of th巴 lower Yangtze valley during the 

past 9000 y巴ars

Site Information with Modern Vegetation and C lト

mate 

Longnan (30
0 
59'N. 120

0

35・E. 2-3 m a.s.l.) is one of the 

N巴oli thic cultural sites located in the alluvial plain of 

the southern Yangtze clelta. Mesozoic basem巴nt rocks 

form small hills to the west of Tai Lake. hydrologically 

clivicling Longnan and Cauduntou. The Longnan site is 

toclay in the midst of ri c巴 fields and the vegetation has 

completely been altered from the natural state. On the 

highlands of Anhui Province. nev巴rthe less. there are 

small patches of Qitercus (deciduous oak). Liquicl，α川b(/ r，

Plalycarya, Ccupinus, Ulmus, Acer, elc (Eclitorial Board 

of China Vegetation. 1995). On Mt. Baohuashan (440 

m a.s.l.) near Nanjing. abunclant evergreen oaks 

(Quercus glallca. elc) were observecl in a nature pro・

tective area (Han el al.. 2000). Deciduous trees such as 

Cellis. Juglal1s. Acer. Liquid，αmbar， Phoebe, Sapil1dus, 

Hoνenia ancl Albizzia associated with th巴 oak forest 

From the observation on cultivatecl plants. the growth 

limit of subtropical (evergre巴n ) plants seems to be 

along the northern border of the Yangtze va ll巴y (ca 

33
0 
N). Orange. loquat. tea plants ancl bamboo cannot 

b巴 c ul ti vatecl to the north of the Huai River (32-33
0 
N) 

Eucalypl/.ls ancl Cunninghamiα. which are common immiｭ

gl'ation trees in central China. cannot grow to the 

north of the bounclary. either (Ren. 1982) 

Th巴 moclern climate clistribution of East China is 

summarized in Figure 5. Along the coastal regions beｭ

tw巴en the Leizhou and Liaodong Peninsulas (22-42
0 
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Fig, 5, lvlodern c1imate distribution of East China between 20'N and 42'N (data from Chinese Atlas Publishing House. 1984). 
(a) Annual mean temperature ('C); (b) January mean temperature ('C) , July mean temperature ('C) , Annual precipitation 
(mm/y) 

N) , a variable climate component is winter temperaｭ

ture (January mean) , ranging from _5' C in Beijing 

(<ー10'C in the base of the Liaodong Peninsula) to > 
18' C in the southern tip of the Taiwan island. This N-S 

thermal distribution is almost proportional to latitude 

except for a warm anomaly in the Sichuan basin (> 

6' C) , with satellite cold anomalies on the marginal pla 

teau (0 to -ー10' C) (Fig. 5b). By contrast, summer 

-18 

temperature variations are quite smal!, compared with 
B巴ijing where the mean temperature of July rises to 

26' C. 1n most cities of central to south China (Shangｭ

hai, Chongqing, Hong Kong, Nanning, etc) , the temｭ

peratures do not exceed 28・29' C (Fig. 5c). The 

precipitation range of the East China coast is 600-1800 

mm/y (Fig. 5d) , with the maximum reaching 4000 m 

m/y on central Taiwanese mountains (Chinese Atlas 
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Publishing House. 1984). 

The feature of the Yangtze valley climate is hot 

summers and cold winters under th日 dominant East 

Asian summer monsoon. Basically East China (at least 

coastlands) receives sufficient rains 50 the main limitｭ

ing factor against tree growth is winter colds. The 

mean annual precipitation of Shanghai is 1130 mml y. 

with mean temperatur巴s of 28' C 日nd 3.3' C in J uly and 

January. respectively. The absence of high mountains 

to the north of the region 1日lds to the exposure to 

winds from the Siberian cold air mass during the winｭ

ter.1n some cases. less than _10' C of extreme miniｭ

mum temperature is recorded. 1t seems that the 

winter colds hinder the expansion of 5ubtropical everｭ

green forest in the lower Yangtze valley despite its 

low latitude. By contrast, the summer temperature sigｭ

nificantly rises. and the mid-I lower reach of the 

Yangtze River is one of the summer-hottest regions in 

China (Ren. 1982) 

Materials and Methods 

The RN98D core from Longnan (or Ryunan) is 680 

cm in total length. comprising thr・ee lithological units 

(Units 1-3). Unit 1 (680-570 cm) consists of greenishｭ

grey light coloured clay with highly inorganic appearｭ

ance. Unit 2 (570-490 cm) is a band of grey-coloured 

silts with fine-grained sand materials. Unit 3 (490・0

cm) is dark-grey clay 1 silt with abundant humus. 

These units are generally homogeneous. containing 

few visible macroremains. The basal part of Unit 3 

contains a lot of thin (< 1 cm) sandy bands and the 

Unit 2/3 boundary is somewhat unclear. Sediment maｭ

terials for pollen analyses were subsampled from 

Units 1-3 with 10-20 cm spacing. as well as bulk sediｭ

ments collected from three horizon日 for radiocarbon 

dating. The pollen samples w巴re analysed in the pollen 

laboratory at the Natural History lVIuseum and 1nstiｭ

tute. Chiba (Japan). The radiocarbon samples were 

pretreated and dated by the 1nstitute of Accelerator 

Analysis Ltd. (IAA) , Kawasaki , J apan. 

Pretreatments for pollen analysis followed the stanｭ

dard method by 1VI00re et al. (1991). The sediment 

samples were milled and bathed in a 10% HCl solution 

overnight to remove calcium carbonate. After excess 

HCI was rinsed 0託 the samples were boiled in a 10% 

KOH solution for 10 minutes to remove humic acids. 

The resulting suspension was c1eaned with repeated 

centrifugation and decanting to remove c1ay-sized parｭ

ticles. Fossil pollen was extracted from heavier partiｭ

c1es by heavy liquid flotation using saturated ZnCL 

solution. The samples were finally acetolysecl ancl 

mounted with 100% glycerol solution. lVIore than 300 

pollen grains of treeお ancl terrestrial herbs excluding 

wetland herbs were countecl for each sample. forming 

the sum for percentage calculation. Percentages of 

wetlancl herbs ancl ptericlo[>hyte spores were calcu 

latecl based on the total sporopoll巴n. Pollen identifica 

tion followed Huang (1972) and Wang et al. (1997) 

Radiocarbon samples were pretreatecl by 1AA along 

the standard acid treatment using hot (80' C) lN HCl 

Any visible fibrous or organﾎc fragments have manuｭ

ally been removed with wet sieving of 300μm. The 

CO , obtained by com bustion under 500' C for 30 minｭ

utes ancl 850' C for 120 minutes was converted to 

graphite for AMS measurements. 

Results 

1. Pollen analvsis 

Results of the pollen analysis are shown in Figure 6. 

Four local pollen zones Pl. P2. P3 and P4 are given to 

Unit 3, with the zonation cletermined primarily by the 

alternation between trees ancl terrestrial herbs. Units 

1 and 2 are barren yi巴 Icling no fossil pollen. 

P1 WJO-245 cm) 

Zone PI is dominatecl by evergreen broad-Ieaved 

trees of Lithoc{//l'lIs 1 Castal10psis and Quercus 

Cyclobala l1 opsis, associatecl with Q. Lepidoba!anus. 

CWl'il1l1s. Ulmaceae. Betll!a , J uglandaceae. Faglls, A 111 lIS, 

etc. The reconstructed vegetation for zone PI is dense 

subtropical evergreen broad-Ieaved forest. 1n coniferｭ

ous assemblages. PillllS (Dip!my!ol1-type) occurs with 

persistent Abies, TSlIga and T-C-C (Taxaceaeｭ

Cephalotaxaceae-Cupressaceae). Liquid，仰lbar shows a 

temporary peak below 450 cm. 

1'2 (245-125 cm) 

Zone P2 is characterised by the reduction of Lithoｭ

carpllsl Castallopsis replaced by abundant herbs (in 

this case Poaceae). AII other trees except Q 

Cyc/oba!allopsis reduce to almost zero in this zone. Deｭ

creases in forest density are more or less resulted. and 

the reconstructecl vegetation for zone P2 is open forest 

of Q. Cycloba!allopsis mixed with some deciduous trees. 

The abunclant grasses grew in and around the forest 

and/or the sedimentary basin. 

P3 (125-50 cm) 

Zone P3 is characterized by the return of Q. 

Cyc!oba!ωIOpsis up to 50-60% of the whole pollen asｭ

semblage. Several broad-leaved trees show simultaneｭ

ous increases such as C()/y! lIS, Carpillus, Ulmaceae, 

Myrica , Lithoc{l/pusl Cas/allopsis and Liqllidalllbar, indiｭ

cating the restoration of dense mesic forest. The reｭ

constructed vegetation for zone P3 is evergreen ancl 

deciduous broad-Ieaved mixecl forest mainly of Q. 

Cyc!oba!WlOpsis. 1n this zone 勾?argal1 illllll Typhαshow 
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during th巴 Holocene (Table 2). Zone P1. dominated by 

Lilhocarplls/ Caslanopsis and Quercus Cyclobalallopsis. is 

chronologically correlated with epochs Q.,' to Q., '-'. 1n 
prior poll巴n data from the Yangtze delta (e.g.. Wang el 

a/.. 1984). epoch Q,,'-' (7500-5000 BP) showed relaｭ

tively dense forest of Caslal1opsis. Q. Cycloba/allopsis. 

Liqllidalllbar, Ilι， Myricα， Eurya, elC, being a l1 日 logous to 

the subtropical evergreen forest of South China (ca. 

20-30
0 
N) today (see Fig. 3b). Concerning the past seaｭ

level records. the Yangtze delta has experienced large 

(50-100 km) westward transgression in 9-7 ka. (I-long. 

1991: Zh巴ng el al.. 1999). This 'MegathermaI' period 

termed for th巴 hyps i th巴rmaJ period of China (Shi el 

a/.. 1993). was allegedly 1
0 
C (South China). 2

0 
C (the 

Yangtze valley). 3
0 
C (North/ Northeast China) and 

possibly 4・50C (the Tibetan plateau) warmer than at 

present. according to a compilation of palaeoｭ

temperature indices in the Chinese territory (Shi el 

a/.. 1993. Fig. 8). A similar compiJation was provided by 

Winkler and Wang (1993) as 'snapshots' for 6000 and 

9000 BP of China. The larger warming trend in the 

northern regions and interior highlands can agree 

with the 6000 BP palaeotemperature map of Europe 

(Fig. 9). reconstructed frol1l the comparison between 

the fossil and surface pollen through the European 

Fig.6. ReslIlls of pollen analysis for the RN98D core. SE JiangslI Province. East China. Trees and terreslrial herbs form the Sllm 
for percentage calclllations. Percentages of wetland herbs and pteridophyte (erns are based on the total pollen plus spores 

prominent peaks. suggesting the expansion of swamp 

communities under some moister environments 

R 4 (50-0 cm) 

Zone P4 is characterized by rapid decreases in arboｭ

real pollen to 20-30% of the pollen assemblage. Anｭ

other important features of this zone are increases in 

Pil1us and Brassicaceae. which separates zone P4 from 

the lower pollen zones. Decreases in wetland herbs 

and ferns suggest reduction of local swamps. As a par 

allel recor・d to zones P3-4. the selected pollen diagram 

from Cauduntou (code: CDT-3) is attached for COI11 

parisons (Fig. 7) 

2. Radiocarbon dating 

Results of radiocarbon clating are li s t巴d in Table 1 

Three AMS "C dates of 6660 :t 40 BP. 9710 :t 50 BP 

and 10.630 :t 60 BP (IAAA50788-50790) are provided 

from 275-280 cm. 485-490 cm and 575-580 cm in depths. 

respectively. providing at least 9000 BP of time range 

to the RN98D record 

Discussioll 

The pa laeoveg巴tation record frolTl the RL¥l98D core 

can agree with regional c1imate history of the lower 

Yangtze region. corresponding to epochs Q,' to Q.,' 
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Zon巴 P2 is correlative with epoch Q/-'. 1n th巴 lower

Yangtze region. this epoch is characterized by deｭ

creases in subtropical ev巴rgr巴en trees. replaced by 

Querc/.ls Lepidoba[al1us in the Yao・Ge-Hu area (Tao and 

Yan. 1987) and by P川川 in HQ98 (Yi el al.. 2003) 

Palaeoclimatologically. the Megathermal period of 

China is followed by cool (and dry) conditions by 3500-

3000 BP (see Table 2. Fig. 7). The Yangtze region is 

under lower precipitation l ev巴 1 than the averaged 

world forestal regions ( bar巴ly exceeding 1000 mm/ y. 

see Fig. 5). and ha、 e rec巴ived the invasion of Arlemisia 

l口 the lateglacial period under the semi-arid conditions 

(Xiao el al.. 2000: Yi el a[" 2003). This means that a 

similar vegetation shift to open forest could occur 

under the subboreal cooling trend in zone P2. 1n North 

Africa. the climate deterioration after 5000 cal BP was 

recorcled as regional lake level lowering (Fig. 10a-b) 

with expansion of the Sahara. Arabia and Thar 

deserts to their present sizes. as the consequence of 

southward retreat of the 1TCZ. The climatologicallink 

between the North African sector and East Asia via 

the Indian/East-Asian monsoon systems deserves atｭ

tention.1n the Southern Hemisphere. 5000-4500 cal BP 

was marked by regional glacier readvance related to 

continent (Huntley and Prentice. 1988). The time 

range of the warmer environment was floating among 

the regions. but in North China the persistence to 4-3.5 

ka was given. which was longer than the Atlantic peｭ

riod of Europe (8-6 ka). Th巴 m巴chanism for the temｭ

P巴rature rises is given by the insolation th巴ory with 

the maximum 65
0 

N summer insolation around 9 ka 

(Kutzbach and Street-Perrott. 1985) , invoking th巴

strengthened Asian monsoons with northward adｭ

vance of the intertropical convergence zone (1TCZ) 

during the early/ mid-Holocene (Webb m el a人 1993a:

Kutzbach el a[" 1996; Roberts. 1998). Radiometrica lly, 

zone P1 extends back to 巴poch Q .,' (the earliest Holoｭ

cene) with 'cool/ dry' climate (Zh巴ng el al.. 1994) 

which is not consist巴nt with our subtropical 

palynoflora. 1n HQ98 from the northern Yangtz巴 del ta.

however. Yi el (/1. (2003) restricted his boreal cooling 

to the short cool event around 8.2 ka (e.g.. Rohling and 

Palike, 2005) , and our superficially sta bl巴 PI

palynoflora may b巴 a result of lower resolution. The 

preboreal phase with increasing Liquidarnbω ， which is 

a component of subtropical forest of South China 

(Zheng, 1991: Li el al.. 1995). requ i r巴s further re 

searches. 

Trees Teザ「田 Irial herbs 
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Fig.7. ParaUel pollen record from the 2.5 111 section at Calldllntoll. SW JiangslI Province. East China (data PlIblished in 
Okllda el al.. 2003). Percentage calclIlation is based on the sallle criteria as Figure 5 、N ith the pollen SlIl11 forllled by total trees 
and terrestrial herbs 

Tablc 1. AMS radiocarbon dates for the Rl¥f98D core frolll Longnan. SE Jiangsu province. East China 

Age ("C yr BP) �" "c Material dated Laboratory No Depth (Clll) Salllple nallle 

6660 :t '10 ー 23.75 :t 0.80 bllllミ sed illlenl11¥1¥1¥-50788 275-280 Rl¥f98D-l 

97JO :t 50 

1
l
 

内
，Lん

JO.630 :t 60 

-22.06 :t 0.67 

-20.73 :t 0.68 

blllk sedilllenl 

bulk sedilllenl 

[1¥ f¥f¥ -50789 

11¥1¥1¥-50790 

485-490 

575-580 

RN98D-2 

RN98D-3 
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Fig, 8, Reconstructed temperature variations of China 
during the past 11 ka (compilation after Shi e1 al., 
1993). (a) West of Changbeishan (420 32'N: 126020'E). 
deviation from present summer temperature (Wang 
et IIι1990): (b) South Liaoning (39030'N: 1220 E) , deｭ
viation from present annual temperature (Guiyang Inｭ
stitute of Geochemistry. Academia Sinica. 1977): (c) 
East Hebei. deviation from present annual temperaｭ
ture (Tong. 1988): (d) Loess Plateau. deviation from 
present annual temperature (Sun e1 aん 1991). (e) 
North Jiangsu (33050'N: 1200 E). reconstructed anｭ
nual temperature (Tang e1 al.. 1990): (f) Qinghai Lake 
(36'54'N: 100' l1'E). qualitative warmth/colds (Kong 
e1 α1.， 1990). 

3 

the Neoglaciation episode (Porter, 2000). which Yi et 

(/1. (2003) mentioned to explain the zone HQ-IIIb 

change of their HQ98 core. 1n Greenland ice cores, atｭ

mospheric methane record (Blunier et (/1.. 1995) prか

vided parallel variations to those of the monsoon 

regions. which gives an explanation to the 

interhemispheric propagation of climate changes 

within the Holocene (Fig. 10c). The so-called 1500-yr 

climate periodicity in the North Atlantic (Bond et al., 

1997) has not been recognized in the Yangtze valley. 

though this may be due to the low data resolutions. 

Some researchers consider glacio-eustatic uplifting as 

an explanation of relative sea levellowering in the late 

Holocene (Roberts. 1998; p. 170). but the Yangtze valｭ

ley is one of the regions providing evidence for 

warmer hypsithermal conditions based on tens of polｭ

len records. 

Zones P3-4 are, though there is no "'c date around 

there, palynologically correlated with epoch Q .,". 1n the 

lower Yangtze region. this epoch is characterised by 

returns of subtropical evergreen trees. and at 

Cauduntou the replacement of UllIll1SI Zelkova by Q 

Cyc/ob(/I(/llopsis around 2500 BP was observed (Okuda 

el (/1.. 2003). The mixed forest with abundant Q. 

CYc/Oblll(/llopsis is reminiscent of the native forest surｭ

viving in the Anhui province (Han et al.. 2000). possiｭ

bly representing potential natural vegetation of the 

lower Yangtze region. Concerning temperature. reｭ

constructed thermal conditions of epoch Q ,' were 
'warm' (Zheng et (/1.. 1994. 1999). whereas in North 

America a 'cool and moist' environment was given to 

the same period. based on the southern migration of 

boreal forest with simultaneous shrink of prairie grassｭ

land after 4500 cal BP (Webb III et (/1.. 1993b). Such inｭ

tercontinental disagreements may require further 

researches 

4 

Tablc 2. Correlations between the Longnan (RN98D) record and the representative pollen stratigraphy and climate history in 
the lower Yangtze valley. East China (compilation after Zheng e1 al.. 1994). 

Holocene epoch Southern Yangtze YacトGe-Hu area HQ 98 core Cauduntou RN 98D Holocene epochs 
in China ("C BP) Delta (Tao & Yan, 1987) (Yi e1 al .. (Okuda e1 (this study) in Europe (cal. BP) 
• climale status (Zheng e1 al.. 1994) 2∞3) al..2oo3) • climate status 

Qll Coniferous and de- Lepidobalw HQ-VI CDT3- P 34 Subatlantic 
(2500-0) ciduous broad-Ieaved Zelkc刊'a- III to VII (2ω0-0) 

ヘ，varm， humid mixed forest Liqllidambar-Pill11S 'c∞1. dry 

Q J-z Deciduous broad- Lepidobalal1llS- HQ-V CDT3- P 2 Subboreal 
(5000-2500) leaved forest Pinus-Belllla- 1 to II (5700-2ω0) 

'c∞1. dry Liquidam/Jar ヘ，\'arm. dry 

Q,'-' Deciduous and ever- Cyclohalanopsis- HQ-IVb P 1 Atlantic 
(75飢)-50∞) green broad-leaved CastallOpS;S- (7800-5700) 
-、，varπ1er. wetter mixed forest Liquidambar-herb • warmer, wetter 

Q,' Coniferous and de- LepidoblllaJllls- 日Q-III P 1 Preboreal-Boreal 
00.5α)-7500) cidllous broad-leaved Pillus- to -IVa (1 1.500-7鈎0)

'c∞1 (and dry) mixed forest Be111la-herb '(c∞hvarm) dry 
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We also note that human impact 日hould be considｭ

ered as another explanation to the palaeovegetational 

differentiation in th巴 late Holocene. In this case, howｭ

ever, the human influence to the lanclscape seems to 

be relatively small, compared with obviously clisturbecl 

cases such as CS-05 (Yu el al・， 2000) (see Fig. 4) , 

where Brassicaceae (Cruciferae) became abunclant in 

as early as 5000 BP. 1n that recorcl , leading compoｭ

nents were PÎIlIlS, Cruciferae, Arlelllﾎsﾎa ancl various 

ferns (PlerÎs, HÎcrÎoplerÎs, e1C) , ancl the total trees exｭ

cept PﾎIlIlS remained quite low (< 5%) throughout the 

past 6000 years. Another typical clist urbance case is 

from the detailecl 11.000-year pollen profile (E, A) 。

Taihu Lake (see Xu el al., 1996) , where a clear vegetaｭ

tion change from mixecl oak forest to abundant PÎIIII:、

and Cardalllﾎlle (Brassicaceae) was clearly recorclecl. 

with the incident age bracketecl bet ween 4765 士 70 BP 

and 5495:t 75 BP. 1n that clata Gramineae (Poaceae) 

were abundant but the abunclance is seen in the mixecl 

oak forest of the lower half of the cliagram, rather than 

the PﾎIlIlS / Brassicaceae phase near the top. The 

Poaceae most probably originatecl from wetlancl 

grasses (ιg. ， Phraglllﾎles) rather than cultivatecl rice. 

The point is that our results from Longnan ancl 

Cauduntou are basically agreeable with the E , A 

Fig.9. Reconslrllcled thermal condilions at 6000 BP of 
the European continent. Isothenns rcpresent the lcm 
perature anomalics [rol11 the prescnt. bascd on lhc COI11-

parison betwccn the cOll1piled fossil and sur[ace pollcn 
datasets (Hllntley and Prentice. 1988). Crey dots dcnote 
their fossil palynological sites coverin日(叫)00 BP 

;にr -¥f �> '¥ 

m
 

v 
700 (c) 

600 

500 
Mid-Holocene 

2 4 6 8 10 12 14 16 

Age (cal. ka) 

Fig. 10. ]¥iorth African lakc level records dllring the past 

15 ka. cOl11pared to the atmospheric methane concentraｭ
tion records from ice cores (compilation after I(oberts, 

Hl>l8). (a) BOSlll11twi. Chana CTalbot and Oelibrias, 1977); 
(b) Zi\、ray-Shala. Ethiopia (Cillespie el (/1.. 1983); (c) 

CRIP. Creenland (Blllnier el al., 1995). 

recorcl, ancl yet the onset of the PillllS / Brassicaceae 

phase , as a regional footprint of human clisturbance in 

the lower Yangtze , was locally delayecl around 

Longnan and Caucluntou. Fagopyn川町Clllell Tllm (buck 

wheat) , effective palynological index for primitive 

agricultures in China and J apan (e.g. , Tsukacla et al., 

1986) , is cOl11pletely absent in Longnan. We aclmit that 

no slIbclivision is macle for cultivatecl rice frol11 the 

total Poaceae spectra. The pollen identification of 

Oり'za 川IÎ l'a (cultivatecl rice) becomes possible uncler 

the phase-contrast microscope (l\'akamura, 1974: 

Miyoshi , 1985) , expecting future researches 

Palynologically, zone P4 is analogous to zones CDT-3 

Vlt口 VIl ()f the Caucluntoll recorcl , inclicating unambiｭ

guolls hllman clisturbance in the late Bronze Age (ca 

1000 BP or so) arollncl the inland areas west of the 

Yangtze clelta. 

COl1clusiol1s 

As a part of the overseas expeclitions in 1998-9 in 

ancl arouncl the Yangtze clelta. the Longnan site was 

selectecl initially aiming at detecting the Neolithic 

hUl11an activities of Majiabang, Songze or Liangznu 

cultures back to 7000 BP, whereas the Cauduntou site 

was expected to recon日truct the natural vegetation of 
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Fig. 11. GCM-simulated ]uly temperature distribution at 6000 BP mapped as anomalies [rom the present (' C) (Kutzbach 
el 01.. 1993). as a reslllt of the COHMAP climate'lllodel experiments (see Webb m el 01.. 1993a). 

the lower Yangtze valley. These research scopes were 

actuarised by half. and th巴 Cauduntou record had pro. 

vided temperate-mixed forest of evergreenl deciduous 

oaks under modern・type climate after 2500 BP. By 

contrast. th巴 Longnan record provided subtropical ev. 

ergreen broad-leaved forest in the early I mid 

Holocen巴 followed by the mixed oak forest in the late 

Holocene. extending quasi-natural vegetation history 

of the lower Yangtze region back to 9000 BP. Alｭ

though there have been suggestions that the classic 

earlyl mid-Holocene warming theory is not sufficient 

to explain the 9000-yr veg巴tation history of Europe 

(e.g., Huntley and Prentice.l993). the lower Yangtze is 

one of the regions that indicate hypsithermal warming, 

with 2
0 

C isotherm (anomaly from the present) based 

on palaeoclimate proxy records (Fig. 8) and numerical 

model simulations (Fig. 11). Th巴 ampli tude of the 

hypsithermal warmth is rather controversial in East 

Asia , and refined quantitative reconstruction 

(Nakagawa eT 01.. 2002) may be r巴quired under comｭ

parisons witll recent surface poll巴n datasets (Okuda 

2005・ Okuda el al. 2005. elc). 
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中国江蘇省龍南遺跡等の花粉分析に基づく

長江下流域の完新世植生および環境史

I先日 1 lJ IYJ lI・外山秀 .21

北川浩之31 .安 m 吉・議41

11 千葉県立中央博物館

干260・8682 千葉市中央医青葉町 955.2

E.mail: 0叫kuda@ch凶1討iba-剖-mu凶I店se.or.jpp 

21 皇県館大祭文学部

干516.8555 伊勢市神川久志本JiIJ 1704 

31 名古屋大学大学院環境学研究科

干464・8601 名古屋市千種区不老111]"

11 国際1'1 本文化研究センター

干610・1192 J!(者Il"ilil珂京区御陵大枝山 111]" 3.2 

11" 図・江蘇宅Î南東古11 (太i胡湖畔)にfjf.世する龍荷近

跡近郊から採取したボーリングコア (RN98D) に対

して花粉分析および炭素 14 年代測定をおこなうと同

時に，周辺域における既存の化石花粉データ群との比

較検討を通じて長江(揚子江)下流域の過去 9000 年

lliJの植生変巡と環境変動を取り繊めた.これは千葉県

立中央博物館の平成 12.13 年度海外出張成栄であり，

また平成 9.13 年度文書11科学省 COE 形成基礎研究費

(課題番号 09CE1001 .代表者安 111) に研究協力者と

して参加した成栄である. また千葉 1.1-' 央博専門研究

「東アジアおよび環太平洋域の納生変遂と環境変動」

の成栄の一部である.長江流域は日本列島太平洋岸か

ら延びる l街並帯照葉樹林の中国側の北縁にあたり，植

物地理的に房総を含む南関東地方と類似の条f!l: ドにあ

るが，紀元前からの著しい人間活動のため他生の改変

の度合は日本列島の比でなく， J.瓜槌生の情報淑として

の花粉の役割は重要である. RN98D コアの花粉分析

結果は，完新世前~中期 (9000・5000 年前)に関して

はシイ属/マテバシイ編とコナラ属アカガシ ìll~脳の優

占する南中国型の暖i晶帯(-車熱;H'i) m~ 葉樹休を，

5000-3000 年前に関してはアカガシ亜属にイネ科草本

が混生する疎林状の混交林を，約 3000 年以降に関し

てはアカガシヨl!属が優占する常緑~落葉混交林を復元

した.これは周辺化石花粉データの取り線め結*とも

矛盾せず，長江下流域における平均的な完新世植生史

と考えられた. 7000.6000 年前後のいわゆるヒプシサー

マル期の温暖気候とその後の冷涼気候との相違が認め

られた.長江河口域の新イj{，~文化の航生への影枠は完

新世前~中期で比較的微弱であり，集約的!足*Jt-をゆ1示

する人間活動の記録は 1000.2000 iffjﾍ� g'i，マツ腐とア

ブラナ科花粉の急増によって示された. 2500.2000 年

前前後に存在していたアカガシ ïflU，~を主とする常総務

葉混交林が長江下流域の潜在自然植生に相似している

可能性がある.人間活動と原植生との関係に|刻しては，

龍南の西方 150km の制敦頭遺跡における花粉分析結

果 (Okuda et al.. 2003) との調和lに基づいて議論され

ている.
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