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nes  comprising  .'■>'/<.  Kcolo^ioal  -peclc  -roups

Limestone  in  tropical  China  occurs  mainly
nnan  and  Ouangxi  Provinces  of  southern  a
Ural  China.  Because  of  the  great  diversity
iphic    conditions    and    topography,    vegelati

Xishuangbanna.    the    southern    part    ol    Yunnan.
ich  horders  Burma  and  Laos,  is  a  mountainous

*■*...„«.  ar,  ,.xl,,m,lv  ,!iv,,s..  an.l  ri.-h  ""'"  "'""I  /'Vf'""" ""f"  "',  '""I'"'"'  S"""'"asl
U,va.   I.in,,,,  >,,,,.„,  „,        A-mll-,^   I  ).   B««  v.   ,!„■  stu.lv   a

north-south  and  decreasing  in  elevalioi
Altitude  varies  from  180  m  in  the  low
the  south  to  2400  m  u|  the  top  of  the  hi
tain  in  the  north.  The  limestone  strata  <
in  south,  astern  \ishuanghamia  and  r;
tude  from  600  to  1600  m.

China  has  been  destroyed  as  much  as  ol
lalion  types  even  though  these  limestone
more  difficult  to  access  and  to  farm.  Lime
elation  is  also  more  vulnerable  because  i
much  more  slowly  on  usually  thin  soils
search  was  conducted  mainly  in  the  arei

(Liu   H   al..    I<)<)0).    Most   of  this   limestone  area   is  |M.mtlm,  ()(  22,(;_  a|imia,  u^n-vaU^JuZlLu,
still   lores,,,!  and   is  receiving  uiercasing  attention  (l,,e  sun,  ol  daib  temperature  means  where  they  a,
fonts  biodivcrsitv    and   its  urgent   need  of  conser-  >   HfQ  ((l  8()<>0  C.  J|I1(,  „„„„„,  [)IVl,pitation  v;n,
vatton.  Prunarv  flons.ic  works  in  southern    .unnan  j        ,mm    |20()   |n    ,--„   „,„,    „,   „,„,.,,   m()R.    ,  u
have  been  written  (Zhu  e,  al.,   10%.   1007,   1008a.  imi   fall.  d„,  „„  the  ,,,nv  ,,,,.,„  hetv n  Mav  an
1008b;  Wang  c,  al.,  .007).  This  paper  represents  a  the  end  of  October  <\„  e,  al..   1087)

i  greatly  supported  and  I

The  rock  substrate  is  hard  limestone  of  IVrmi
origin  with  a  nigged  topography.   The  soil  is  mail

n    I'he  National  Natural  Science  l-'.„iudali..ii  ol  Clou. 27IOIH).  the  Chinese  A
>p  One  Hundred  ^lounp  N-ie„n>is  .,,,,1  kM\L>  I  Unlit,  and  die  Yunnan  Natural
r  thanks  \u  /ail'u  for  his  -real  help  with  hi-  re.e.ueh  ;llll|  \\  „  Zheng-yi  and  Zhan

r,d  I'.  Crul.l.  loi  linn  help  in  .malwing  dala  and  |,i
v   of  Cambridge.   Finally,  he  thanks  T.  C.   \\  liilm.
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limestone   will,   a   pll   of  ca.  6.75  and  ca.   3.56%  dwarf  forest  (/In.  el  al..   1998a).  Within  these,  six
organic   matter   (I.  in   el   al..    1990).   formations,   including   nine   communities,   were   ree-

Methods
(I)  Kavinc  seasonal  i.m  fn.esl  (including  llic  I'o
nn-ltii  li>iiirnH)s(i-.\lf,h(mse<i  iuddd^mki  communilv
and    Pomctiu    tomciitosu -(Iritis   philippensis    var.

miens    collected    Iron,    the    limeslone    lial.ital    in  wightii  community):
southern  Yunnan  during  1085-1065  and  deposited  {2)    Lower  lull  seasonal  rain  forest  (including  only
mai.il>  at  HIT  RC  and  M.S.    II,,-  flora  ol  the  vege-  t|1(.  ,;,,/,„.  phUipfu-mis  \ar.  niuhlii-hisiococca  rom-
tal.on  on  the  limestone  consisted  of  153  families  of  /„,,./  vai,  psaulonrlinllata  eoiiiniiiiiitv):
vascular   plants,    including   610   genera    and    I.WI  (;5)    Fvergreen  moist  forest  (including  the  (hmanlhus
species.  An  initial  llon-li,   ;uial>-i>  \\a>  made  l.ased  polyneiiriis-Dntcaaia   nxliincliinensis   conununily
on   the   inventor)    (/liu   et   al..    1006).    I  hi,,     main  a„,l  lAlsiocoiTu  combrri  var.  psatdoverticillaUi-Cleis-
vegelal.on  lypes  occur  on  the  limestone— tropical  tanthus  sumatmmt.s  community):
seasonal  rain  forest,  tropical  seasonal  moist  forest.  (.1)    Semi-evergreen    moist    forest    (including    the
and  tropical  montane  dwa.l  lores!— which  were  se-  Hombu.x  insigms-Cohma  /lorihumh  community  and
lecled  for  establishing  plots.   For  the  tropical  sea-  Homha.x  msifim.s-Carrinin  hructcata  community):
sonal    ran,    lorest.   seven   separate   plots   ranging   in  ,;„    Kve.-rcen  ,|u;ll|  |()lrs|  (lll(.|n<li„u  v  d.e  /'//„-
size  from  20(H)  to  25(H)  nr  were  established.   For  „■„,„  all,,lsltl    hshll .,-,  ,„,■,„,,,„„,;,;,/,•„  nminill,lllv):
the    ti    |       il  i   .1  M         |  rM
plots  ranging  in  size  from  5(H)  to  20(H)  nr
mil.  For  the  tropical  montane  duari  forest.  onl\  two
plots  of  10  by  10  m  were  made  due  to  its  restriction
to    limeslone   summits.   These   different    plot    sizes
were   used    beeanse  of  the  differential   coverage  of

stone   were   analyzed    l.ased   on    plot   data   already
published  (Zhu  et  al..  1008a).  In  the  present  paper.  tion  (a"  1)«'  ,M'H**r  understood.
plant    inventory    lists  of  the   two   main   forest   types
(excluding    montane    dwarf   forest)    uere    compiled  THOI'U: Al.  SKASON Al.  MAIN  K)HI
from  sample  plots  separalelv    for  the  plivsiognomic
(lih-   for...   and    leaf   .,/,  )  vs,s     H,,    ,„„.„.,   |()r  ''"P"^   -''-"al    .an.   lore,
life  form  and  leaf  size  classes  suggested  l.v    Kaun-  "S  ll"'  "f OI,al  ,rt>P,(ral  season£
kiaer  (1934)  and  the  importance  value  index  (IVI)  f"™''   ]shar**Sf  ,,,iara^' "'
suggested  by  Curtis  and  Mcintosh  (1951)  were  usee
in  ll.e  plivsiognomic  or  ecological  analysis.  Feolog-

i  forest.    These  forests  t

emergent  layer.  This  i
ml  correspond  to  groups  used  in  Shi-       -'"^cgiee,,  ran.  fores,  of  Southeast  Asia  (Wr

(1964)   and    Chin    (1077).   Species-level   bio-       »»>»''    ,,)JU»-  '"   ,l"'  ,ml,l,;'1  sem|-«*
^.graphical  aflinit.es  were  assessed  lor  the  total  "'  l",lla  l{,"'"u  ((  'M;""l'»'"-  '"•'«>>.
:,ra  of  the  limestone  vegc.at.on.  The  Hordes,,,,-  "<'W"  s<-aso,.al  forest  ol  tropical  America
arilies  between  the  limestone  flora  of  southern  (HrJ,nl'  ,<H'1'  l<,55)'  '"  sou,,HMM  Yl'""a"«  ll'™'
unnan  and  the  floras  on  Inneslone  and  non  l.,,„  -  ,i»»'^<»»>/»»^«  ««•<'»'■  '»  »et  valleys  and  on  lower
one  habitats  from  southwest  China,  northern  Vi-  slo|>,'S  "'  ,,lNs  '"  "">l"l,;,i"-  '»''<'»  K><M>  "'  «ltil""«--
-am.  northern  Thailand,  and  the  \lalav  Peninsula  '  '"*  """«'  l°"'>'  '>'M'  als"  ,M"rl,rs  in  nort,",m  Thai"
,,,.   ,,Uo   discussed   land   (Sniilinand,   !'**•)   and   North   Vietnam   (Thin.

1997).  although  different  names  were  used.  The
I.ASSIIICATION  ol'  I.1M1STONK  V  It ,  II  VI'ION  tro[.ical  seasonal  rain  forest  represents  Southeast

Asian  tropical  rain  forest  al  its  latitudinal  and  al-
iased (...  plant  physiognomy,  lorest  profile,  do-  titudinal  limits.  The  ecological  structure  of  the  Imp-

ede composition,  and  habitat,  the  primary  lime-  ical  seasonal  rain  forest  on  limeslone  is  almost  ex-
otic vegetation  can  be  classified  into  three  vege-  acllv  the  same  as  the  seasonal  rain  forest  off

tion    types,    i.e..    tropical    seasonal    ran.    lorest.  limestone  in  the  Xishuangbanna  region  (Zhu.  1992.



14    U

1%    11

il   ij

=  ,T      =  ^
It      ;•:

ifligl

:  -

-  f  F~-

TROIMCM.  SI.ASONAI.  MOIST  KOHKST

Tropical  seasonal  moist  forest  occurs  on  the  mid-
dle   .mil    Upper    llllle-loue    -lope-,    ranging    from    0.~>0

to  1300  m  altitude.  This  vegetal  ion  type  abuts  the
seasonal  rain  forest  and  ua-  called  monsoon  loresl
by  some  Chinese  authors  (Liu.  1087;  Wu.  1080).
The  term  seasonal  moist  forest  is  preferred  here
because  the  loresl  is  not  equivalent  I,,  Scluiupers
monsoon  loresl  (Schimper.  1003).  in  spile  of  the
fact  that  il  is  affeeled  hv  seasonal  drvness  and  con-

tains a  \ariahle  percentage  of  deciduous  trees.  The
seasonal  divnc--  in  llie  region  is  compensated  lo
some  extent  by  den-e  log  accompanied  In  low  tem-

peratures in  the  same  months  (November  to  April)
(Whitmore,  1984).  Some  deciduous  trees,  such  as
Cincliihi  arborea  l!o\b..  .-\nthocephalus  rhiiinisi.s
(Lam.)  Kick  ex  Walp..  and  Homaliiim  lanlinuii
Gagn.  var.  glabretum  C.  Y.  Wu.  shed  leaves  toward
the  end  of  the  dry  season,  while  others,  such  as
Crtilo.wlmi  ctnliiih  Imicnsis  (Lour.)  81..  Finis  rcli-
giosa  I,.,  and  Flaroi mpus  nirumia  Kuch.-llam.  ex
Mast.,  idicd  their  old  leaves  as  new  ones  develop.
This  suggests  thai  de<  iduousness  in  the  region  is
more  I nquci it l\  assoeialcd  with  locallv  drv  habilals
ihau  I  he  seasonal  di\  ness  of  climalc.  Therefore,  us-

ing the  term  monsoon  loresl  for  the  evergreen  or
semi-evergreen  forest  on  limestone  is  confusing  be-

cause Schimper's  iihuimhiii  forest  is  more  or  less
■     i    :      !■    ill.  -     during   tin    drv    season.

Montane  dwaif  loiesl  occurs  only    on   the  lop-  of

900  m.  There  is  only  one  dwarf  tree  layer  with  a
canop>  height  oi  7  I  .">  in.  Kpiphvlie  orchids,  such
as  Erin  hainanvn.si.s  Knife  and  Hulbophyllum  ni-

grescent Rolfe.  and  non-vascular  epiphvtes  d»r\o-
|)hytes  and  lichen-)  aic  abuudaiil.  In  some  sites
small  woodv  .  limbets.  -inh  a-  Ih-rris  caudal ilimba
How  (I'apilionaceael  and  I'risliinera  arborea
(Roxb.)  A.  C.  Smith  (Hippocraleaceac).  are  also  fre-

Pl.ANT  PtnsiO(,NO\n    OH     \l 'llillil    II  -

From  plot  data,  life  form  spectra  (Kaimkiaer.
1934)  of  the  two  main  forest  tvpes  (seasonal  rain
forest   and   seasonal    moist    forest  I  are  compiled   in



t,   tree  species     -  5  em  DHH.
Relative  fre<iuene\   +   Helalive  dominant  breast  area  (Curtis  &  Melnlosh.  1651).

<:  1':  I'apen   leaves:  I.:  Leathers   leaves:  Ma:  Maemplivll  Marge  hi  161.625  inm'l:
/lierophvll  (to  2025  mm):  \a:  Yiimphvll  n„  225  imiil  (liaunkiaer,  1934).

able   1.  Leaf  size  spectra,  leaf  form,  and  leaf  tex-  weighting   the   species   by    IVI.   the   percentage  of
ire  arc  shown   in  Tabic  2.   Hoi  li   forest   Ivpes  were  lealherv   l<  -n\  cs  decreases  in  seasonal  rain  forest  hut
uminated    by     phanerophv  les.     Including    lianas.  increases  in  seasonal  moi-i  lores!  due  to  the  pres-
lese    perennial    phanerophytes    make    up    7.3.9-  ence  of  some   species   with   these   leathery  leaves
,3.2%  of  the  total  species,  while  annual  chamae-  such  as  CleisUmthiis  sumulranus  (Mi<|.)  Muell.-Arg.
h\l<-s   account    lor  on  I  \     12.1     13'/..    However,    the  <  I  nphoi  lii.ucaei  and  Unit  urna  cocliiiichiiiciisis.
easonal   moist   forest    shows    lower  percentages  of
oody    lianas  as   well   as   megaphanerophyles  and  Lent. <><;!<: At.  SPKCIKS  (;noi  f
lesophanerophytes.  but  higher  percentages  of  epi-  Base()  ()n  ,ht,  stU(|v  ()(  ,hj,  |imestone  f|„ras  ()f  ja.
bytes  as   well   as   nucrophanerophytes  and   nano-  ,,.,„  .„„,  Taiw;|M_  s|l|m|/(1  (,()((1)  (]jvi(|(,(,  Hmeslone
lianerophMcs  than  the  seasonal  rain  lorest.  p,.,nts  in(()  f|V<>  ,.,,,!„„„,,,  „mil|,s:

both  lorest  tvpes  have  species  with  mesopliv  I  lous
•aves  making  up  ca.  7W<  of  the  total  tree  species.  ">    ',lan,s  ^<1"^''  '«'  li-"eslone  habitat:
ut  the  forests  show  clear  differences  if  the  spies  <2)   P,ant8  S  ̂   ,,V      '        md  found  mainly  in  In
re  weighted  by  importance  value  index  (IVI).  Tim
icrca-e-  the  percentage  ol   mes,  ,phv  llous  |n  i<  tun
Is  and  decreases  the  percentage  ol  micro-  and  ma
roph\lloii>  trees  in  seasonal  rain  forest,  while  the  Wltl1  l",l('sl0M<':
pposi.e  trend  is  seen  in  seasonal  moist  forest.  Sea-       '"    l,l;m|-  ' ''  ""K   "r'  1,J"""i,ll>  <m  li""^""«-
:mal  moist  forest  occupies  much  more  rugged  hab-  strangers  to  limestone.
aN  with  ihiniiei  and  dn.i  -oil-,  and  has  more  mi-  16  Shiini/ii.  these  first  three  groups  were  eh.

actcii-tic  -pc(  ic-  lot  the  limestone  habitats  and
particular  his  exclusive  and  selective  taxa  were  c

onal  moist  forest  is  mainly  due  to  the  dominant  cicoles.    Chin    (1977)   accepted    this   classificati
green  species  Dim  nr.'hi  m,  lun<  hinensis  (Lour.)  and  similarb  categori/ed  plants  on  limestone  in  I
.  ( .hen  i  \gavaci-ac).  with  il-  long  lea  then    Ian-  \lalav    I'cnin-ida  into  loin  groups,  combining  sch
He    leaves,   and    the   dominaiit    deciduous   tree  live  and  preferenl  plants.  Similar  ecological  spec
ies   Cnhmii  Jlorihutitl.i    (Wall,   ex    \oigl)   Craib  group-  have  be.  n  later  recogni/cd  bv  Chinese  L
aceae)  also  with  large  leaves  to  30  cm  long.  In  anists  (Liang  ct  al..  198.5;  Liu  et  al..'  1994).

its  found  occasional!)  on  I



i  Limestone  Flora

Acanthaceae
Klllaceae
\sclcpiailaceac
I    rlicaccar
I  am. II  car
\|>ocvnaceac

<  i      ]  I!  n  ..    ■   ,■

following  Shimi/u  and  Chin's  classifications,  we

these  lour  eeoln'.-i.  ,,|  ,|„  ,  .  -  •■■■mips  (Table  3).  In
our  slmly.  Ill  vasculai  plant  species  are  restricted
lo  limestone  hal)ilals  and  thus  arc-  exchisivelv  luund
here.  These  include  the  following  eoiiiinon  specie-
I   i   '       nlOlll      t   alt   H   old.
Murraya  tetramrra.  1'isiana  iniiiiiiamii/olia.  as
well   as   specie-   in      .   -   .       /   I
I'lislimrid.    Of   these.    2  1    species    are    endemic    to

agrees  with  the  results  from  l.onggan  limestone  (ex-
clusive taxa.  13%)  (Liang  el  ah.  1985)  and  Longhua

limestone  (exclusive  taxa.  10%)  (Liu  et  al..  I«W|
from  Oiiangxi  Province  in  (  lima.  l>otli  the  exclu-

sive and  |>referenl  taxa  make  up  22.3%  of  the  total
sum.  They  could  he  termed  as  characteristic  spe-

cie- for  limestone  Ii.ilnl.i1~  (see  \ppendix  1).  This
is  similar  to  the  results  from  Longgan  in  Oiiangxi
(with  these  characteristic  species  making  up  20%
of  the  total  sum)  (Liang  et  al.,  1985)  and  from  the
Malay  Peninsula  (27.5%)  (Chin,  1977).

THE  Flora  and  Its  BlOGEOGRAPHY

In  the  limestone  forests  of  southern  "human.  Chi-
na,  153  families  of  vascular  plants  including  640

genera  and  1391  species  and  varieties,  were  re-
corded, of  which  seed  plants  compose   I2<>  families.

The  limestone  flora  makes  up  about  one  quarter
ol  the  total  species  of  the  regional  flora.  (The  flora
of  the  \ishiianghanna  region  was  primariK  docu-

mented will.  3336  native  species  of  1218  genera
and  207  families  of  seed  plants:  see  Li,  1996.)
Some  lamilies  show  relative  preference  for  lime-

stone habitats  (with  more  than  (><>%  of  the  total
mimbei  of  -penes  in  the  region  on  limestone),  for
example,  \canthaceae.  I'aiphoi  I  liaccae.  Cesneri-
aeeae.  Meliaceae,  Menispermaceae,  Moraceae,
Uliamnaceae.  Kubiaceae.  Ivutaceae.  Yitaceae.  and
Llmaceae  (Table  4).  Other  families,  such  as  Hip-
pocr.ileaeeae.  Icacinaeeae,  and  Vaeciniaceae.  show

forty-four  of  the    1269  species  of  seed   plants   horn
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lion  (25  species  of  seed  plants  arc  not  included  din-
to  insufficient  distribution  references)  (Table  5).  At
ill.-  generic  level,  the  geographic  element  ol  trop-

ical distribution  (1-6.  Table  5)  compose  90%  of  the
lol.il  genera:  1 1  if  geograplm  eli  in.  nts  ol  temperate
distribution  (7-H).  Table  5)  make  up  only  6.7%.  At
the  specific  le\el.  llie  species  that  are  ol  typical
tropical  distribution  (1-6.  Table  .">)  account  for
70.2',  ill'  I  In  total  species.  Among  these,  the  geo-

graphic types  that  are  considered  to  be  I  mm  trop-
ical   Asia  make  up  (>  I.  W/<    of  the  total  species  I  nun

from  the  tropical  areas  adjacent  to  \isliiiaughaniia
It. mi  sniilhern  (.lima  and  Yunnan  are  included.
these     tropical     -peeie-    compose     mole     ill. Ill    00',;.
This  indicates  that  the  limestone  (lora  at  Xishuang-
banna   is  principalb    tropical   aliue  and   repre-
seuls  the  tropical  Asian  Nora  at  its  northern  tropical

In  a  floristic-  comparison  with  nine  similar  floras,

China,  northern  Vietnam  (Thin.  1907).  northern
Thailand  (Smilinand,  1066).  and  the  Malay  Pen-

insula (Chin,  1077,  1979;  Hurkill  &  Henderson.
1025)  (Table  6).  the  limestone  flora  of  southern
Yunnan  di>pla\>  eyplicit  la\oiiomn  aUnulie-  lo  llie
liopical  flora-  ami  -how-,  a  clo-er  affinity  to  the
floras  from  the  Malay  Peninsula  than  to  other  floras
I r . on  -iiblropical  China  (the  lima-  ol'  lluapin  and
Dongyang.  see  Li  et  al..  1986;  Xu,  1984).  even
ll v\\   these    \lala\sian   lloias  he  lailhei   awa\    geo-

flora    In   southern    Vimiuim   shares   the   most   genera

phuong,  see  Nun.  1007)  among  those  floras  com-
pared   in   this  studs.  The  similarity    al    the  generic

flora  of  northern  Thailand  (I)oi  Chiengdao)  (Smitiii-
and.   1066)  is  less  than  would  be  expected  from  its
geogiapluc  proxunih.  flu-  la.  k  ..I  .  oircspondence
could  be  becau-c  the  pi. ml  li-l  lor  D..i  Chiengdao
ii-cil  here  lor  compaiisoii  i-  an  incomplete  one  con-

sisting ol  only  .M2  specie-.  |e—  tli;i n  hall  reported
lor  most  other  sites  in   fable  6.   The  limestone  flora

similarity  to  o|ln-t  ugioiial  lime-lone  flora-  than  to
niin-lmiesloiic   lloias   in   urn   i ■ompaiison.    ll  appeals
thai   liniesione  floras  deyelop  Ir local  or  regional
lloia-  supported  also  by  the  lad  that  only  about
10%  of  the  total  species  of  limestone  floras  (the

:-  group)  are  restricted  to  liniesione  habitats
study.
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