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A bstract. Palynological s tu d y  in a deep core (69.5 m depth) in the Coastal area of the Red River 
D elta, V ie tn am  provides cv idences on vegetation change in the reg ional area in ab o u t 12000 years 
b e íb re  presen t. This research  aim s to reconslrucl the vegeta tion  developm ent and 
paleoenvironm ental changes in the Red R iver D elta, V ietnam  during  the H olocene. Thcse data 
show that the region supported a Fagaceac-Coniferous, especially Quercus, Pinus và Castanopsis, 
similar to contemporary vegetation dcscribcd in Vietnam and southeast China. Tropical broadlcaí 
forest dominated al the time right after 12.000 BP. At the same time, Scyphiphora hydrophyllaceae 
is the dom inant vvood species in the back m an^rovc ĩorcst at the stud icd  area. A íte r  this timc, thc 
c l i m a t e  b e c a m e  w a r m e r  a l t h o u g h  th e r e  w e re  s e v e r a l  p e r io d s  w i t h  c o l d e r  c l im a te  in  b e tw e e n .  

Keyxvords: palynology, paleoecology, Red River, pollen, spore, paleocnvironm ent.

1. In troduction

W hereas the  Late Q uatem ary  vegctational 
h isto ry  o f  large parts  o f  the w orld is íầirly vvell 
docum ented  and palynological studies in the 
Red R iver D elta are num erous, little attention 
has been  paid  to  the H olocene vegetation 
h isto ry  o f  N orth -V ietnam  [1-3]. M ost o f  the 
availab le palynological studies in V ietnam  were 
focused on characterize the sedim entary strata 
in reg ional geological m apping [4] and in 
archaeology [5, 6]. U sing pollen  records and 
o ther m icro íbssil records for Holocene 
palaeogeography  reconstruction, sea level 
change, and c lim ate history  [7-12] w as still 
lim ited  and  on ly  reached a low  temporal 
resolution. R ecently , Li e t al. [13] presented a
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detaileđ and w ell-dated reconstruction o f  
H olocene c lim ate  change in the Red River 
delta. M ore records are need  to advance our 
standing o f  vegetation  succession. This research 
aims to  reveal the  vegetation  developm ent and 
paleoenvironm ental changes in the Red River 
Delta, V ietnam  du ring  H olocene. O ur 
reconstructions, w hich are prim arily  based  on 
pollen analyses, are in tended  to  contribute to 
undcrstanding ecological processes.

2. Physical conditions o f  th e  studicd area

2.1. G eological setting

T he V ietnam ese catchm en t o f  the Red River 
Delta occup ies approxim ately  10,000 km 2 and 
consists o f  a 5,600 km 2 large dclta plain
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bordered by a m ountainous reg ion  com poscd  o f  
Precam brian crystalline rocks and  Palcozoic to 
M esozoic lim estones [14]. T he  m ost im porlant 
m ountain ridge, Hoang Licn Son, is a south- 
eastcm  extcnsion o f  the Ilim alayas extending 
írom  Yunnan (China) into no rthcm  V ietnam

and íonns a vast arca o f  uplands o f  1600-2000 
m high vvith pcaks reaching  2500-3000 m above 
sea level (a.s.l) (fig. 2.1), including thc highest 
m ountains o f  m ainland Southeast A sia (Fan Si 
Pan, 3143 m, and Lang Kung, 2913 m).
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Fig. 1. Location o f the studying core.

D eep  borehole dala show  that the 
Q uatem ary  sedim ents often  overlay  the older 
sedim ents uncom form ably. T hey covers  a large 
part o f  the study area bu t th e ir thickness 
increases-from  the edge to the centrc  o f  the 
della. T he  Late P leistocene sed im en ts  arc 
alluvial, marine or a lluv ial-m arine. T he  late 
P leistocene sedim ents a rc  co lortu l m otlcy  and 
show  signs o f  long-tim e w eathcring . This 
w eathcrcd surĩace is qu ite  com m on o v er a largc 
arca o f  the Red River Delta from  Ilan o i to the 
C oastal zone. T he suriace sed im ents a re  mainly 
H olocene and m ainly com posed  o f  sand, sitlty

clay, clayey silt. T hey  are generally  d iv ided  into 
tw o stratigraphical units: the Hai H ung 
íoưnation  (Q :1:) and the Thai B inh (Q :3) 
tbrm ation [14].

2.2‘Climate

T he study arca has a Iropical evcrvvet 
monsoon clim ate w ith  a ho t (31-33° C ) and 
rainy sum m er from  M ay to  Scptem ber and a 
colder (15 -  18“ C ) dry vvinter from  N ovcm ber 
to M arch. In spring and aulum , c lim ate is m ore 
com íbrtablc but thcse seasons are short. In July 
and A ugust rain shovvcrs arc o f  500-600m m  per 
m onth cause the river level to rise up to  2-3m
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higher than the land surface because o f  dykes. 
In w inter averagc rainfall is about 30-50m m  per 
month. In the m oun tain  area , lem pcrature 
depends on elevation.

2.3. Vegetation

Because o f  its com plex  ab io tic  conditions, 
the N orthern part o f  V ietnam  has a very diverse 
vegetation. This d iversity  is  no t only 
attributable to  the large n um ber o f  endem ic 
species, but also to  the fact that the arca is a 
m eeting point o f  the ílo ras  o f  C hina, the 
Himalaya, and M alaysia. T he  h igh lands o f  the 
Hoang Lien Son ridge form  the south-eastem  
part o f  the S ikang-Y unnan ílo ristic  Province o f 
the Holarctic íloristic k ingdom . T h is Province 
constitutes a very im portant boundary  area o f 
the H olarctic and P aleo trop ic realm s with 
num erous tropical, sub trop ical and  tem perate 
connections. As a t the sam e tim e local 
endem ism  is very h igh, thc  S ikang-Y unnan 
Aoristic Province has o n e  o f  the  richest and 
specific indigenous ílo ras o f  m ain land  Asia
[15].

The Red Rivcr ca tchm en t area can be 
subdivided into the fo llow ing  altitudinal 
vegetation zones [15]:

The tropical lo w la n d  (0-1 OOm a.s.l.) is 
cultivated everyw here. T he  vegctation  consists 
o f  m ainly hcrbs and shrubs. AU zones highcr 
than 100 m a.s.l. are called  the  uplands,

The tropical m id ìa n d  (100-700m  a.s.l.) was 
foim erly characterized b y  a p rim ary  vegetation 
o f  closeđ tropical everg rcen  broad-leaved 
íorests on hills and  m ountain  íoothills. At 
present, this forest type is com plete ly  extinct 
and replaccd by agricu ltu ra l íìelds and 
secondary plant com m unitics, including  highly 
dcgraded opcn tbrests, bam boo stands, shrubs, 
and grasslands [16].

In the Subtrop ica ỉ subm ontane belt (700- 
1600m) annual m ean tem perature is about 15°c 
-20°c, the tcm pcraturc o f  the  coldest month 
below 15°c, the m inim um  even  below  0 °c  
during som e days. T he  vegetation is dom inated 
by Fagaceac, Lauraceae, T heaceae, Ulmaceae, 
M agnoliaceac, Juglandaceae, and  Rosaceae. 
K eteleeria david iana  (P inaceae) is prcsent [16], 
\vhereas D iptcrocarpaccac, Erythrophỉeum  
/o rd ii (L egum inosac), and Lagerstroem ia  
tom entosa  (L ythraceae), w hich are characteric 
for low er altitudes, arc lcss com m on. On flat 
arcas and on gentle slopes, especially  o f  low  
and m iddlc e levation , w arm th loving, broad- 
leavcd spccies like C asíanopsis  sp., 
Cinnamomum  sp ., D ipterocarpus retusus, 
H opea m oỉissim a, M adhuca pasquieri, 
Syzygium  sp., Vatica  sp. and \varm th loving 
Lithocarpus and Q uercus  spccies form the 35" 
45 m high íìrst stratum . A long the ridge tops 
and on thc uppcr parts o f  m ountain  slopes, 
especially on the  drier, stccpcr slopes, thc 
coniíerous D acrycarpus im bricatus  appcars as a 
co-dom inant trec, vvhcrcas a long the d ry  steep 
sum m its o f  ridges th is species m ay even bc 
m ono-dom inant. A ccom panying  species o f  the 
second stratum  (25-30  m high) arc the \varmth- 
loving, broad-lcavcd trces A ríocarpus  sp., 
Canarium  sp., C ryptocarya  sp., D iỉlenia  sp., 
Eberhardíia aurata, E ỉaeocarpus tonkinensis, 
Elaeocarpus spp., G ironniera subaequalis, 
Litsea  sp., M ichelia  spp., N epheỉium  m illiferum t 
Xanthophylỉum  urophyllum , and a large palm  
Livistona chinensis  [ 17].

In the Tem perate subm ontane belt (1600- 
2400m) annual m can tem perature is about 10- 
15°c, the m ean tem perature o f  the coldest 
month below  10°c, and the m inim um  
tem perature oltcn below  0°c. Species o f  vvarm 
tem perate tem perature conditions appear 
including AlnuSy B eta la , A c e r , and C arpinus. 
They are founđ togcthcr vvith the gym nosperm s
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D acrydiunu C edrus , C ephatotaxus ,
Cryptom eria , and Pokiena  [16]. On gentle 
slopes, especially  in the low  and m iddle parts o f 
m ountain slopes, broad-leaved evergreen and 
dcciduous trees occur, such as Archidendron , 
Crỵptocarya , E berhardtia , Exbucklandia , 
Lithocarpus , Litseci, M agnolia , M anglieíia , 
M ichelia , Reliderodendron, R lìoipíelea, Sch im a , 
Sym plocos  etc., accom panied by the conifer 
Fokienia hodginsi on drier, steep slopes [17].

The Tem perate m ontane belt (2400m ) has a 
snow  cover in vvinter. N ext to shrub species o f  
Fagaceae and Ericaceae, gym nosperm s o f  cold 
tem perate clim ate occur like /1Ố/&S pindroxv  and 
Tsugci yunnaensis [16].

D etbrestation and degradation have 
destroyed most prim ary ỉorests o f  the Hoang 
Lien Son area and far beyond and botanical 
investigations in this region are urgently required 
for the organization o f  conscrvation areas to 
protect the rem aining prim ary plant com m unitics 
that have world vvide signiíicance as centers o f  
plant diversity [15].

3. M a te ria ls  a n d  m c thods

The studying core is located in the Balat 
m outh at 106°33’4 8 ” E, 2 0 ° 1 9 W ’N  (fig. 1). 
The core is 6 9 .5m depth , m ainly  consists o f  
clay and silty clay  (detail description in fig. 2)

60 sam ples o f  the core in the interval o f  50 
cm w as collected. 0.5 cm 3 from  each sam ple 
w as extractcd for po llen  analysis. Sam ple 
prcparation íbllovved S tandard  m ethods [18] and 
included addition o f  a know n am ount o f  
Lycopodium  clavatum  spores to  calculate 
pollcn concentrations [18], treatm ent w ith HC1 
and KOH, sieving over a 120 ụxn and a 7-8 ịim  
sieve, treatm ent w ith H F, acetolysis (7 min), 
and m ounting in Silicon oil.

Pollen and spores \vere identified w ith and 
nam ed aftcr [4], Huang [19], W ang et al. [20,

21], Thanikaim oni [22] and  Y ulong Zhang et al. 
[23] and checked w ith  a m odcm  refcrence 
collection o f  som e typical reprcsentativcs o f  the 
V ietnam ese flora and vvith the reference 
collection o f  the Institu te o f  Botany and 
Landscape Ecology, G reifsw ald  University.

Pollen types are  in the text displayed in 
SMALL CAPITALS in o rder to  differentiate them 
clearly from taxa [24]. T he unidcntiíìed  pollen 
grains consist o f  corroded  or othenvise 
đam aged grains and  those  g rains for vvhich no 
m atching t>pe coulcỉ be íbund in the litcrature 
o r in the reíercnce co llcction . In general, the 
num ber o f  un idcn tified  po llen  typcs is low.

The rcsults o f  the analyses are presented as 
relative values (in  w h ich  the pollen frequencies 
are cxpressed as  pcrcen tages o f  a pollensum ) 
and as concen trations values (grains/cm 3).

To avoid (ex tra ) local overrepresentation 
for the borehole sam p les, a pollensum  o f  typcs 
attributable to taxa that arc currently absent 
from the low lands and  restric ted  to areas over 
100 m a.s.l w as chosen . A lso  the pollen types 
attributable to  taxa that currently  often grovv 
along river banks a re  cxcluded  from the 
pollensum  b ecau se  a lso  they m ay show 
overrepresentation. G enera lly , about four slides 
per sedim ent spec trum  w ere analysed to reach a 
pollen sum  o f  80 - 200  grains. Pollen 
perccntage calcu la tions w ere carried out \vith 
the Excel p rogram ; the  diagram s are 
constructed w ith  T iliag rap h  and T iliaview  [25, 
26]. The d iagram s d iv ided  into site pollen 
zones, based on the changes in  the curves o f  
dom inant o r charac teristic  po llen  types. Pollen 
types w ere assigned  to  ecological groups using 
the T lo ra  o f  V ie t N a m ’ [27 , 28]; the ‘V ietnam 
forest trees’ [29]; th e  ‘Som e basic characters o f 
V ietnam  ílo ra ’ [30]; the  ‘F lo ra  M alesiana’ [31]; 
the ‘M angrove E co lo g y ’ [32].

C I 4  d a t in g

O nly one sam p les o f  w ood  and o ther plant 
rem ains collected at the  dcp th  o f  62 m w ere I4C
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AM S dated at the Leibnitz Laboratory o f  Kiel 
University (Prof. Dr. P iet G rootes) and 
calibrated w ith CA LIB rev 4.3 [33]. For the 
calibration o f  thc carbonates a rcgional 
correction (A R) vvas applied o f  -25 ±  20 years

follo\ving Southon c t al. [34]. T he agcs are 
exprcsseđ as cal yr B P (BP =  1957). The 
calibrated resu lt o f  the sam ple show ed thc date 
o f  12031 B .p.

C oordinates A ltiỉud e D ate o f  sam pling

106°33’4 8 ” E, 2ƠM9’08” l , 8 2 ± 0 , l m a . s . l . 6-3-2002
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Fig. 2. Sedimenlary and envừonmental charactcristics o f NP core (reĩerenccd from Grothe St [35]).

4. The pollen diagram

AU together, 175 species and genera 
belonging to 90 lam ilies \vere identiíìcd  and

catcgorized into cco-stratigraphical groups 
(Tablc 2).

T he N am phu core can be subdivided into 8 
pollcnzones (fig. 3).
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Zone NP1 (6 9 .3 5 m -6 4 .2 5 m , spectra  1-4) is 

charac te rized  b y  h igh  p e rcen tag es  o f  PlNUS. 

QUERCUS and CASTANOPSIS TYPE in th e  uppcr 
p a rt o f  th is  zone  ( tìg . 3). B esid es , va lues o f  

CYPERACEAE, GRAMINEAE. and  Sa l ix  a re  very 
h igh  (fig . 4). M angrove  types an d  po llen  types 
res tn c te d  to  the  lovvlands and  m id lan d s such  as 

TRIANTHENUM, DODONEA, B o e h m e r i a ,  

CASUARiNA, PSIDIUM, an d  VlTEX are absen t in 
th is  zone (tìg . 4).

7.one N P2 (6 4 .2 5 m -6 0 .2 5 m , sp ec tra  5-9) is 

charac te rized  by the p resen ce  an d  o íten  
d o m in ance  o f  PTEROCARYA. U l m u s  a lso  

shovvs h igh  va lucs (fig . 4 ). A l n u s  (fig . 3) ju s t 
ap p ears  in  th is  zone  and  sh o w s, ju s t like 
C a RPINUS, h ig h  va lues in  ihc  u ppcr p a rt o f  th is 
zone . T h e  pc rcen tag es  o f  PlNUS, Q u e r c u s , 

CASTANOPSIS TYPE, an d  S a l ix  a re  (m uch) 

low er than  in zone  N P 1. C y c a S (fig . 3) a lso  
show s h igh  va lues in th is  zo n e . G r a m in e a e  

and  CYPERACEAE (fíg . 4 )  sh o w  low er values 
than  in  N P 1. S p o re  types  a re  very  dom inan t, 
e sp ec ia lly  Po l y p o d ĩACEAE (fig . 4 ) tha t reaches 

its h ig h es t va lues in  th is zone.

Zone N P3 (60.25m - 56.6m , spectra 10-13) 
is characterized by the dom inance o f  back 
m angrovc pollen  typcs ìncluding  SCYPHIPHORA 
HYDROPHYLLACEAE and PHOENIX (ílg. 4). 
Som e m angrove ío r e s t  types are also 
sporađically  found in this zone. HELVVINGIA 
and ACER đisplay high frcquencies, w hereas 
QUERCUS is also very vvell-reprcsented in this 
zone (fig. 3). V alues o f  PlNUS are slightly 
h igher than in N P2, w hercas CASTANOPSIS 
TYPE and CARPINUS are no t m uch different. 
Low land types including G y m n o s p o r ia  and 
TRIANTHENUM a lso  sh o w  h ig h c r  va lues than in 
zone NP2. T he  values o f  GRAMINEAE are 
h igher than previously  (fĩg. 3).

Z o n e  N P 4  (5 6 .6 m ^ 7 .0 m , sp ec tra  14-21) is 

ch a rac te rized  b y  the ab sen ce  o f  SCYPHIPHORA 

HYDROPHYLLACEAE an d  PHOENĨX (fig . 3). 
M an g ro v e  p o llen  types  a lso  a re  ab sen t in this

zone. T h e  p e rcen tag e  o f  PlNUS con tinues to 

rise . PODOCARPUS an d  ALNUS a re  only 

p rev a ilin g  in  the  lo w est part and  are rarely 
iound  in  th e  rest o f  th e  7.0ne (tìg . 3). 

TRIANTHENUM (fig . 3), HELWINGIA, and  ACER 
(fig . 3) arc le ss  írequen t. C a s t a n o p s is  TYPE, 

QUERCUS, a n d  C a r p in u s  d o  no t change  m uch 

com p ared  to  N P 3  (fig . 3).

Z one N P5 (4 7 .0 -4 0 .5m , spectra  21-28) is 
charac te rized  b y  a  reo c c u ư e n c e  o f  m angrove 

p o llen  ty p es  inclu tling  ACANTHUS, 

B r u g u ie r a , C e r io p s  t a g a l , and
R h iz o p h o r a , and  a lso  o f  back  m angrove 
po llen  types  in c lud ing  EXOECAR1A and

ACROSTICHUM alth o u g h  w ith  low  values (fig. 
4 ). PlNUS show s m uch  low cr values, QUERCUS 

a  g radual d ecrease . ILEX, ALNUS,
MACARANGA, and  M a LLOTUS shovv higher 

v a lu es  than  in  the p rev io u s zone (fig . 3). 
GRAMINEAE g rad u a lly  d cc reases  (fig . 4). The 
nu m b er o f  p o llen  types  is  m uch  h igher than  in 

o th er zones (fig . 3).

Z one N P 6  (40 .5m -28 .0m , spectra  28-46) is 
characterized  b y  the  p resence  o f  m any m angrove 
forest types like  BRUGUIERA, SONNERATIA, and 

R h iz o p h o r a , and also  o f  back  m angrove types 
like Ex e o c a r ia  an d  A c r o s t ic h u m , and  o f  
CHENOPODIACEAE. O n ly  BRUGU1ERA shovvs a 
high and  stab le  presence , o ther m angrove typcs 
are rarely  found. T he back  m angrove types show 
h igher values than the m angrove types (fig. 4). 
PlNUS an d  ALNUS show  highcr, QllERCUS and 
CASTANOPSIS TYPE low er values than in NP5. 
C a r pin u s  rem ains approxim ately  the sam e (fig.

3). G r a m in e a e  show s a  gradual increase (fig. 4).

Z o n e  N P 7  (28 .0m -16 .7m , spectra  47-54) is 
ch a rac te rized  b y  th e  Virtual absence  o f  

m ang rove  fo rest ty p es . T h e y  a rc  on ly  rarely 
found  in th e  low er p a rt o f  th e  zone. 

A c r o s t ic h u m  sh o w s a  m u ch  low er value than 
in  N P 6  (fig . 4 ). QUERCUS and CASTANOPSIS 

TYPE (fig . 3) a n d  PTEROCARYA and ULMUS (fig.
4 ) show  g en e ra lly  h ig h er va lues than  in zone
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N P 6 . A lso  C y p e r a c e a e  a n d  G r a m in e a e  are 

to und  w ith  h ig h e r  v a lu es  than beforc.

Z one N P8 (16.7m -3.3m , spcctra 55-57) is 
characterized  by a rela tively  high value o f 
B r u g u ie r a  in th e  u pper p a rt o f  th e  zone  (fig. 
3). PiNUS sh o w s  h igh  v a lu es , a s  do, ACER,

C a r im n u s , and  T a x u s  (fig . 3). T h e  p o llcn  typc 

diversity  in this zone is low cr than in  the other 
zones. M any t>pes a re  no longer prescnt and the 
pollen concentration is very  low. Spore types 
are  m ore  co m m o n , e sp ec ia lly  C y a t h e a , 
MlCROLEPIA, and  ATHYRIACEAE.

ư)

I>.
i  
ị
•5

Fig. 3. Rclative pollen diagram o f pollcnsum !>pcs (Sellectecd curvcs only).

5. D iscussỉon

T h e  h ig h  pc rcen tag es  o f  PlNUS, 
C a s t a n o p s is  TYPE, an d  Q u e r c u s  (a ll prcsent- 

day  m o u n ta in o u s  t>pes), Sa l ix , POACEAE, and  
CYPERACEAE, th e  ab sen ce  o f  m ang rovc  types 

and the low  num bers o f  pollen  typcs in zone 
NP1 show  that the cnvironm ent m ust ha ve been 
terrestrial. Low land pollen types are absent 
from  this zonc, indicating that the clim ate vvas 
co lder than today  and tem perate vegetation 
prcvailed  in thc area. T he high pcrccntagcs o f 
Po a c e a e  and  C y p e r a c e a e  in  th e  assem blages 

and the abscncc o f  pollen o f  p lan ts o f  standing

\vater indicate a freshw ater m arsh environm cnt 
[36].

P t e r o c a r y a  is th e  d o m in an t p o llen  typc  in 
zonc N P2. P lero cm ya  is a native species to 
northcm  V ietnam , w here it is vvidely distributcd 
from 50 to lOOOm a.s.l., cspecially  on alluvial 
sedim cnts along rivers and stream s. A lso 
U lm u s  show s high valucs in this zone. AIso 
ư lm us  often grow s alorm strcam  and river 
banks o r in valleys in lim estone m ountain 
ranges [29]. T he high values o f  both typcs 
indicate thai these specics vvcrc grovving closc 
to sam pling site and that thc sam pling  site at 
that tim e m ay have bccn a river lloodplain. The
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very low value o f  Sc y ph iph o r a  
HYDROPMYLLACEAE in this zone suggests that 
the area vvas vcry  rarcly in íluenced by tide.

T he highcr diversity  o f  pollen types shovvs a 
vvarmer clim ate, a conclusion supported by the 
prescncc o f  m any pollen types that are 
attributable to  tropical and subtropical taxa, 
including BỉFARIA, HYPHEAR,
C a m pa n u m o e r a , Sp a t h o d e a , Z iz v ph u s , 
H e d e r a , J a sm in u m  l a n c e l a r iu m , 
F aGOPYRUM, and CALYSTEGIA. A lso the high 
valucs o f  spore types, espccially 
Po l v p o d ỉa c e a e , in the sed im ent point at a 
h igher tem perature [37].

Z one  N P3  is characterized by the 
dom inancc o f  Sc y ph iph o r a

HYDROPHYLLACEAE. Scyphiphora
hydrophyllaceae  is a back m angrove species 
Ihat is currently com m on in the landw ard zones 
o f  the m angrovc that are infrequently  íloodcd 
by tide [32]. W e w ill call this type o f 
cnvironm ent a “high tidal flat” .

A lso  P hoenix  (cf. PHOENIX pollen in this 
zone) is a back m angrove type that is present on 
the h igh tidal Hat. T he rare  occurrence o f  
BRUGUIERA and RHIZOPHORA in  this zone 
show s that Bruguiera  and R hizophora  w ere no 
com ponents o f  the m angrove forest. T heir 
pollen  vvas probably  w ashed  in by the tides 
from m angrove forests c loser to  the sea. 
G ram incae seem  to be a com ponent o f  the local 
vegetation also here, as the  high values o f  
G r a m in e a e  illustrate. V alues o f  pollen  types 
attributable to  taxa o f  non-m arine 
environm ents, including QUERCUS, 
HELWINGIA, and ARTEMISIA are quite high in 
this zone, w hich m eans that the iníluence o f

river vvater w as still largc. W e m ay conclude 
that the sam pling site belongcd to  the high tidal 
flat environm ent vvith back m angrove íorest 
dom inated by Scyphiphora hydrophyỉlaceae  
and Phoetùx.

The developm ent o f  back m angrove íorest 
and the presence o f  som e po llen  types o f  
tropical taxa, such as DOXANTHA and 
G y m n OSPORIA in this zone indicate an 
incrcased developm ent o f  tropical vcgetation in 
the area.

SCYPHIPHORA HYDROPHYLLACEAE and 
m angrove  pollen typcs arc absent in  zone  N P4 
suggesting a com plete change o f  environm ental 
conditions. T he absence o f  m angrove pollen 
may be due to  either a change to  terrestrial or a 
change to m arine conditions. In the íìrst case, 
the sea level m ust drop strongly  and  rapidly 
leading to a com plete change in vegetation. The 
pollen signal, how ever, docs no t support such 
sccnario. W ith a regression, the deposition  o f  
lovvland p o l len  ty p c s  m u s t  in c re a s e  in  t h e  p o l l e n  

assem blages. In fact, the lovvland pollen  type 
T r ia n th e n u m  shovvs a strong decrease, 
vvhereas another low land pollen type DODONEA 
is absent in  this zone. T he second case, 
im plying a rapid rise  o f  the sca level, would 
p re v e n t m a n g ro v e  d e v e lo p m e n t in  th e  C oastal 

zone area w hen the sam pling arca w as rapidly 
covered by salt w ater and the tidal action took 
place íurther inland, affecting a large part o f  the 
low land. This m ay be the reason for the m uch 
lovver values o f  low land pollen  types. In 
addition, the values o f  m ountain  forest types, 
including PlNUS, Q u e r c u s ,  and C a s ta n o p s i s  
TYPE are higher than in the prev ious zone.
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M angrove pollen typcs start to be found in 
zone N P5 suggcsting an initiation o f  delta 
developm cnt, vvhich happens vvhcn thc sea level 
rises more slow ly [38] lcading to the stronger 
and more extensivc developm ent o f  mangrove 
forest. The low  pcrccntagc o f  m angrove íorest 
types shovv that thc cnvironm cnt w as not 
optimal for pollcn deposition.

W ith thc dccrcase o f  tcm pcrate elem cnts, 
tropical m idland and lovvland pollen types 
(T r is ta n ia , D ryp e te s , M a c a ra n g a , 

M a LLOTUS and ELAEOCARPUS) are more 
common in zone 5. A lthough thcir pcrcentagcs 
are lo\v thcy show  an expansion o f  the tropical 
flora in thc regional vegetation

The rather high values o f  the m angrove type 
BRUGUIERA and the back m angrove types 
(ACROSTỈCHUM) in zone N P6  show  that the 
m angrove tbrcst developed strongly at thc 
Coastal z o n e  a rea  in th e  condition o f  a  h ig h  

stand o f  thc sca, as this is the m ost suitable time 
for m angrovc dcvclopm cnt. T he increased 
values o f  these types probably  point a t m ore 
erosion from  thc Coastal low land as a result o f  
the coastline m igrating scavvard. This show s a 
c h a n g e  in s e d im e n ta ry  c o n d it io n  fro m  e s tu a r in e  

to  delta. T he finc-graincd scđim cnts are 
characteristic for a prodelta environm ent [39]. 
The appcarance o f  prodclta sedim cnt m arks the 
beg inn ing  o f  a regression.The increase o f  
magrovc types at the dcpth o f  35m  suggests the 
cnvironm ent changing from  m orc scavvard to 
more landw ard and a change írom  a prodclta to 
a dclta front environm cnt.

The low prescncc o f  back m angrove types 
and the h igher values o f  fresh w ater and 
riverine types indicatc a  strongcr in llucncc o f  
the river in zone N P7. T h is also m ay be caused 
by a rapid dccreasc in sea lcvel that led to  a 
continuous change o f  the coastline and 
provided insufficient tim e for an extensive 
developm ent o f  m angrove forcst. T he presence

o f  ACROSTICHUM, a back m angrove type, 
show s an cnvironm cnt affected by thc sea. The 
silt m ixed vvith finc sand scdim cnt o f  zone NP7 
and the prodclta environm cnt o f  zone NP6 
suggests a delta front slope environm ent for 
zone NP7.

The low pollen  concentration and diversity 
shovv a rapid clastic scdim cntation in zone 
N P8, vvhich is charactcristic for the prevailing 
sandy sedim cnts (that were largcly lost during 
sam pling). T he prcscncc o f  BRUGUIERA in the 
uppcr part o f  the zone indicates the 
developm ent o f  m angrovc lorcst around the 
sam pling site and that thc site in this period 
belonged to  the Coastal zone. Possibly the 
sam pling site w as part o f  a sandy bar in the 
delta front p latform  arca. T he high values o f  
pollen types ascribcd to tem perate taxa 
including C a r p in u s ,  A c e r ,  T a x o d ỉa c e a e ,  
and also PlNUS, suggests a slightly cooler 
climate.

6. C onclusỉon

T he study o f  pollcn and spores from the NP 
core in the C oastal zone arca o f  the Red River 
Delta, provides a rccord  o f  vegetation and 
clim ate change covering ca. 12,000 years B.p. 
(B efore Prescnt). Bascd on this study results, 
vegetation developm cnt history, environm ent 
and sea level change w as reconstructed.

B efore 12.000 B .p  (at about 14.000 B.P), 
sedim entary environm cnt o f  thc study area was 
belong to fresh  vvatcr m arsh condition \vith the 
strong developm ent o f  frcsh vvater plant like 
G ram inae, C yperaccae and Saỉix  in a colder 
clim ate condition than today. At about 12.000 
B .p , the environm ent vvas transform ed to 
riverine conditions rarcly  in íluenced by tide 
w ith the dom inan t o f  riverine taxa like 
Pỉerocarya, ư lm us, Saỉix  in a vvamer clim ate
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than the time before. B ecause o f  thc sea level 
rise, the studying arca w as changcd to high tidal 
Hat condition w ith the dom inant o f  a brackish 
vvater species Scyphiphora hydrophyllaceae. At 
the dcpth o f  40.5m, the pollen data shows a 
change íVom cstuary environm ent to dcltaic 
cnvironm cnt.
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