
The Biosphere: Problems and Solutions, edited by T.N. Veziro%lu 
Elsevier Science Publishers B.V., Amsterdam, 1984 - Printed in The Netherlands 

599 

GIANT PANDA CONSERVATION AND BAMBOO FOREST DESTRUCTION 

J u l i a n  J.N. Campbell 
School o f  B i o l o g i c a l  Sciences 
U n i v e r s i t y  o f  Kentucky 
Lex ing ton ,  Kentucky 40506, U.S.A. 

ABSTRACT 

The mountains around Sichuan c o n t a i n  r i c h e r  b i o l o g i c a l  d i v e r s i t y  than any 
o t h e r  temperate r e g i o n .  
e r a t e d  up  from s u b t r o p i c a l  low lands ,  removing most temperate f o r e s t .  D is tu rbance 
i s  g e n e r a l l y  excess i ve  f o r  l a r g e r  mammals o f  sub t rop ica l -warm temperate zones, 
and now t h e r e  a r e  t h r e a t s  t o  those o f  coo l  tempera te-suba lp ine ,  zones. The coo l  
temperate zone i s  w e t t e s t ,  f a v o r i n g  e x t e n s i v e  bamboo w i t h i n  t h e  f o r e s t .  Bamboo 
i s  v i r t u a l l y  t h e  o n l y  f o o d  o f  g i a n t  pandas, and t h i s  s p e c i e s '  range has been 
reduced by r o u g h l y  h a l f  i n  t h e  p a s t  c e n t u r y .  Though much coo l  zone bamboo r e -  
mains, patches o f  l a r g e r  warm zone bamboos may be needed as w e l l  f o r  seasonal 
use and long - te rm dynamics. I n  t h e  p a s t  decade a t  l e a s t ,  d e c l i n e  o f  g i a n t  
pandas has been p r e c i p i t a t e d  by p e r i o d s  o f  bamboo f l o w e r i n g  and m o r t a l i t y .  
Monocarpic l i f e - c y c l e s  a r e  a n a t u r a l  f e a t u r e  of  bamboos, and f l o w e r i n g  may be 
somewhat synchronous w i t h  d r y  c l i m a t i c  p e r i o d s .  D e f o r e s t a t i o n  has reduced t h e  
d i v e r s i t y  o f  a l t e r n a t i v e  bamboos a v a i l a b l e  f o r  emergency use a f t e r  such events .  
To r e s o l v e  t h e  many problems concerned w i t h  n a t u r e  conserva t i on  i n  these moun- 
t a i n s  - taxonomic,  demographic, ecosys temat ic  and socioeconomic - much more 
i n t e r d i s c i p l i n a r y  and i n t e r n a t i o n a l  c o o p e r a t i o n  w i l l  be needed. There may be 
hope t h a t  r e c e n t  c e n t r a l i z a t i o n  o f  p l a n n i n g  i n  China can ex tend b e t t e r  land-use 
t o  t h e  p rov inces ,  and t h a t  communicat ion problems w i t h  western  c o n s e r v a t i o n i s t s  
can be overcome. 

Bu t  i n  r e c e n t  c e n t u r i e s ,  human e x p l o i t a t i o n  has acce l -  

1. INTRODUCTION 

T h i s  r e p o r t  summarizes some e c o l o g i c a l  background, w i t h  a b o t a n i c a l  empha- 
s i s ,  f o r  t h e  World W i l d l i f e  Fund G ian t  Panda Pro,ject. It i s  an i n t r o d u c t i o n  
t o  my f i e l d  work o f  1982 and subsequent l i t e r a t u r e  r e v i e w  [l]. My work was 
r e s t r i c t e d  t o  p a r t  o f  t h e  Wolong Man-And-Eiosphere Reserve i n  Sichuan, China 
( F i g u r e  l a ) .  I am p a r t i c u l a r l y  g r a t e f u l  t o  G.B.  S c h a l l e r  [Z ] ,  Z.S. Q i n  [3], 
J.C. Hu [4], J. Zhu [5], M.H. Wang [6] ,  Y.C.  Yong [7], R.L. Yang [8]. J. Seid- 
e n s t i c k e r  [9], T.P. Y i  [ l o ] ,  W.P. Fang [ll], T. Dudley [12] and o t h e r s  f o r  
p r o v i d i n g  f u r t h e r  r e c e n t  d e t a i l s  f rom t h i s  rese rve  and o t h e r  n a t u r a l  areas 
around t h e  Sichuan Bas in  (some unpub l i shed) .  My f u l l  c u r r e n t  d r a f t  r e p o r t  [l] 
has t h r e e  aims: t o  rev iew  a l l  a v a i l a b l e  i n f o r m a t i o n  on t h e  tempera te-suba lp ine  
f o r e s t s  o f  Sichuan and p a r t s  o f  a d j a c e n t  p rov inces  ( F i g u r e  l a ) ;  t o  summarize 
p r e l i m i n a r y  r e s u l t s  o f  p l a n t  e c o l o g i c a l  work i n  t h e  Wolong Reserve; and t o  
d i scuss  f u t u r e  research  and c o n s e r v a t i o n  p lans  i n  t h e  reg ion ,  w i t h  emphasis 
on i t s  symbol ic  endangered spec ies ,  t h e  g i a n t  panda (A i l u roooda  melanoleuca).  
I hope t o  work t h i s  d r a f t  i n t o  book fo rma t  e v e n t u a l l y ,  i n c o r p o r a t i n g  d e t a i l s  
o f  c l i m a t i c  da ta ,  f l o r a  and vege ta t i on ,  bamboo taxonomy and ecology. Bamboo 
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F igu re  l a .  The Sichuan r e g i o n  r e f e r r e d  t o  i n  t e x t ;  genera l  
topography and p l a c e  names (based on [82,87] e t c . )  

forms over  99% o f  t h e  normal g i a n t  panda d i e t  [2], and i t s  s tudy  has been a c c e l -  
e r a t e d  due t o  t h e  recen t  mass- f lower ing  t h a t  has l e d  t o  s e r i o u s  shor tages  o f  
food. 
c y c l e  pe r iods  and env i ronmenta l  r e l a t i o n s h i p s  o f  i n d i v i d u a l  spec ies  remain 
v i r t u a l l y  unkown. 

But t h e  taxonomy i s  s t i l l  unc lea r ,  even a t  t h e  genus l e v e l ,  w h i l e  l i f e -  

2. NATURAL HISTORY OF THE FORESTS 

Bo tan ica l  e x p l o r a t i o n  o f  t h i s  r e g i o n  by f o r e i g n e r s  occu r red  d u r i n g  1869- 
1948, w i t h  c o n c e n t r a t i o n  i n  1880-1922 [13,14]. 
t h e  b a s i c  ev idence t h a t  woody p l a n t  d i v e r s i t y  here  i s  e x c e p t i o n a l l y  h igh ,  and 
t h a t  work was soon fo l l owed  by s i m i l a r  z o o l o g i c a l  (e.g. c i t e d  i n  [9 ] )  and 
a n t h r o p o l o g i c a l  ev idence (e.  g. [ 17,181 ) . Chi nese b o t a n i s t s  worked i n t e n s i v e l y  
a f t e r  1920 (e.g. [19-21]) ,  b u t  f o r e i g n  i n t e r a c t i o n  dwind led .  The renewed con- 
t a c t  s i n c e  t h e  1970 's  (e.g. [12])  w i l l  improve unders tand ing  o f  t y p e  c o l l e c t i o n s ,  
species-complexes and e v o l u t i o n a r y  processes. 

About t h i r t y  tempera te-suba lp ine  woody genera a r e  endemic t o  t h e  broad 
Sino-Himalayan r e g i o n  cen te red  on Sichuan, o r  d i s j u n c t  on mountains f u r t h e r  
e a s t  i n  As ia  o r  eas te rn  N o r t h  America. 
Cerc id iphy l l um,  Eupte lea ,  Eucommia, Rho io te lea ,  Bre tschne idera ,  D a v i d i a )  a r e  
u s u a l l y  p laced  i n  monotypic f a m i l i e s ,  whereas no more than t h r e e  monotyp ic  
f a m i l i e s  occu r  i n  o t h e r  tempera te-suba lp ine  reg ions  o f  comparable e x t e n t .  
t o t a l  number o f  genera (ca.  260) i s  r o u g h l y  50% g r e a t e r  t han  i n  most o t h e r  
reg ions ,  and t h e  number o f  spec ies  (ca.  1300-1500) i s  rough ly  100% g r e a t e r  
( e x c l u d i n g  subshrubs; based on [16] e t c .  [ l ] ) .  

E.H. Wi lson  [15,16] p rov ided  

Some seven o f  these genera (Te t racen t ron ,  

The 

T h i s  endemic d i v e r s i t y  r a i s e s  
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F i g u r e  l b .  Annual p r e c i p i t a t i o n ,  l a r g e l y  based on t h e  most d e t a i l e d  
a v a i l a b l e  source  [22] .  Cons iderab le  d i f f e r e n c e s  e x i s t  on 
o t h e r  maps (e.g. [19,44,50,88,89]). Peaks may be under- 
es t ima ted  due t o  absence o f  s t a t i o n s  a t  h i g h  a l t i t u d e  i n  
t h e  most r a i n y  zones. 

fundamental ques t i ons  about  t h e  i n f l u e n c e s  o f  n a t u r a l  and human f a c t o r s .  I n  
p a r t i c u l a r ,  can i t  be a t t r i b u t e d  t o  s p e c i a l  env i ronmenta l  c o n d i t i o n s  w i t h i n  t h e  
reg ion ,  o r  t o  d i s p e r s a l  b a r r i e r s  t h a t  may be overcome by a r t i f i c i a l  i n t r o d u c t i o n s ?  

Much o f  t h e  s p e c i a l  b i o t i c  c h a r a c t e r  he re  may be a t t r i b u t e d  t o  p r e c i p i t a t i o n  
p a t t e r n s .  Annual t o t a l s  a r e  n o t  e x c e p t i o n a l l y  h i g h  ( F i g u r e  l b ) ,  b u t  70-90% f a l l s  
w i t h  l i t t l e  i n t e r r u p t i o n  d u r i n g  t h e  4-6 month warmest season [22-261. 
temperate monsoonal c l i m a t e  i s  l e s s  pronounced elsewhere i n  Eas t  As ia ,  except  
perhaps i n  a nar row zone a long  t h e  eas te rn  Himalayas, and on t h e  l e s s  ex tens i ve  
mountains a long  t h e  P a c i f i c  coas t .  Low m o i s t u r e  s t r e s s  here  i s  p robab ly  t h e  
ma jo r  cause o f  such f e a t u r e s  as t h e  r a r i t y  o f  t r e e s  w i t h  r i ng -po rous  wood ( c f .  
[27-291) and t h e  presence o f  vesse l  -1 ess Te t racen t ron ,  t h e  abundance o f  bamboos 
and pandas, ep iphy tes  and leeches, e t c .  However, between t h e  warm d i s t u r b e d  
Sichuan Bas in  and t h e  c o l d  d r y  T i b e t a n  P la teau,  t h e  zone w i t h  s u f f i c i e n t  annual 
p r e c i p i t a t i o n  f o r  bamboo, a t  l e a s t  900 mm, i s  o n l y  about  100 km wide (F igu re  
l b , c ) .  T h i s  monsoonal p r e c i p i t a t i o n ,  and o t h e r  s p e c i a l  aspec ts  o f  c l i m a t e  and 
phys iography  (e.g. [30-32]), a r e  l i n k e d  w i t h  t h e  extreme h e i g h t  and y o u t h  o f  
these mountains,  wh ich  fo rm an a b r u p t  t r a n s i t i o n  f rom s u b t r o p i c a l  t o  a l p i n e  
c o n d i t i o n s .  

Such 

In comparison w i t h  c l i m a t i c  f a c t o r s ,  d i s p e r s a l  b a r r i e r s  may n o t  be impor tan t  
f o r  endemism of whole genera i n  t h i s  r e g i o n  around Sichuan. Most endemic woody 
genera do n o t  appear t o  be r e l i c t u a l  f rom widespread g l o b a l  d i s t r i b u t i o n s  i n  
t h e  T e r t i a r y  e r a  ( w i t h  Metasequoia t h e  ma jo r  excep t ion ) ,  though some probab ly  
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I 
2-forestlxcric sciubwith oak 
j-forest/rnesic scrub with barn 
4-scrub/crop.mostly warm 
5-rnostlvcrobsubtr./warmternD. 

F igu re  l c .  Ma jor  v e g e t a t i o n  zones based on r e c e n t  maps [44,55] and 
misce l laneous bamboo r e p o r t s  [l]. The mixed scrub-c rop  
zone i s  l a r g e l y  t h e  d i f f e r e n c e  i n  l i m i t  o f  c r o p l a n d  i n  
these two major  sources, t h e  l a t t e r  p u t t i n g  i t  f u r t h e r  
i n t o  montane zones ( d e t a i l e d  f o r  Wolong i n  [l]). 

had w ide r  d i s t r i b u t i o n s  s t i l l  cen te red  i n  Eas t  As ia  (e.g. [33-36]) ,  l i k e  t h e  
pandas ( c f .  F igu re  I d ) .  However, t h e  l a r g e  numbers o f  endemic spec ies  w i t h i n  
genera o f  c o o l e r  zones may be a t t r i b u t e d  t o  r e c e n t  a l l o p a t r i c  s p e c i a t i o n  due t o  
d i s p e r a l  b a r r i e r s  between d i f f e r e n t  mountains ranges w i t h i n  t h e  r e g i o n  (e.g. 
[37-401). Wi th  t h i s  subreg iona l  endemism, t h e  t o t a l  number o f  tempera te-suba lp ine  
woody spec ies  i n  surveyed areas o f  a few thousand square km averages o n l y  abou t  
30-50% more than t h e  e a s t  Nor th  American maximum (e.g. Great Smoky Mts., da ta  and 
sources t a b u l a t e d  i n  [l]). S i m i l a r  d i f f e r e n c e s  e x i s t  i n  0.05-0.1 ha p l o t s  a t  
Wolong. There may be  l i t t l e  o r  no d i f f e r e n c e  i n  t h e  number o f  dominant t r e e  
spec ies  a t  such smal l  sca les .  

There a re  seve ra l  a v a i l a b l e  d e s c r i p t i o n s  o f  f o r e s t  d i s t r i b u t i o n  p a t t e r n s  
by e a r l y  f o r e i g n  and Chinese b o t a n i s t s  (e .g .  [15,19,37,41-43]), and t h e r e  i s  an 
impor tan t  recen t  s y n t h e s i s  i n  Chinese [44]. However, q u a n t i t a t i v e  s t u d i e s  a r e  
o n l y  j u s t  beg inn ing  (e .g .  [l] and c i t e d  t h e r e i n ) .  The genera l  a l t i t u d i n a l  
zona t ion  o f  o r i g i n a l  f o r e s t s  i s  f r o m  s u b t r o p i c a l  evergreen broad lea f  a t  ca. 
500-1250 m, t o  warm temperate mixed deciduous-evergreen b r o a d l e a f  a t  ca. 1250- 
2000 m, t o  coo l  temperate mixed deciduous b r o a d l e a f - c o n i f e r  a t  ca. 2000-2750 m, 
t o  suba lp ine  c o n i f e r  a t  ca. 2750-3500 m. 
ca. 3000-5000 m ( c f .  F igu re  l c ) .  There i s  much i n t e r d i g i t a t i o n  o f  t hese  phys io -  
gnomic fo rma t ions  r e l a t e d  t o  c l i m a t i c ,  topograDhic,  edaphic and b i o t i c  f a c t o r s  
t h a t  have some independence f rom t h e  genera l  thermal  zona t ion  [l]. The peak 
annual p r e c i p i t a t i o n  o f  1500-2000 mm o r  more i n  t h e  coo l  tempera te-suba lp ine  
t r a n s i t i o n  ( F i g u r e  l b )  i s  p robab ly  a ma jo r  f a c t o r  c o n t r o l l i n g  some p l a n t  d i s t r i -  

A l p i n e  scrub  and g rass land  occur  a t  
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GIANT PANDA DISTRIBUTION 

* * * (25-220 AD) 

0 Rare/ recent 10s 

Pleistocene 

? Unconfirmed 

--_Lesser panda 

range 

Figure I d .  Panda d i s t r i b u t i o n  (based on [5,90,91] e t c . ) .  

but ions.  
Comparison with f o r e s t s  of eas te rn  North America f u r t h e r  emphasizes the special  
environment of humid East Asian mountains. Endemic Asian t r e e  genera a t  Wolong 
a r e  concentrated on warm moist s i t e s ,  while genera absent  from Wolong a r e  con- 
cent ra ted  on warm dry s i t e s  within the Great Smoky Mountains ( d e t a i l e d  in [ l ] ;  
see  a l s o  [45]). Another d i f fe rence  i s  t h a t  the  mean annual temperatures of 
formation boundaries a r e  about 2-3 degrees C lower a t  Wolong, presumably due 
t o  a lower incidence of e r r a t i c  f r o s t s  (see a l s o  [31,46] e t c . ) .  

Bamboo i s  most widespread in  the  f o r e s t s  of t h i s  zone (Figure l c ) .  

3. DEFORESTATION AND,ECOSYSTEM PROBLEMS 

rice-dominated a g r i c u l t u r e  about 0-1000 A . D .  (e.g. [47-501). There i s  v i r t u a l l y  
none l e f t ,  though a s  much a s  10% of t h i s  zone has scrubby f o r e s t  and plantat ion 
(Figures 1-2). After  1500 A . D . ,  the  human population acce lera ted  t o  double 
approximately each century (Figure 3 [18]). Warm temperate f o r e s t  may Cave been 
la rge ly  removed about 1600-1900 (e.g. [12,40,51]), w i t h  spread pf r i c e  cu l t iva-  
t i o n ,  and with introdyct ion of maize i n  1820-60 [50,52], which rapidly surpassed 
buckwheat and wheat in  more humid areas .  Probably no more than 10% of this 
f o r e s t  survives .  ' Cool temperate f o r e s t  was grea t ly  d is turbed  a f t e r  1870-1920, 
w i t h  increase in  logging f o r  export t o  lowlands, and w i t h  in t roduct ion of 
potatoes ,  which supplemented meagre c u l t i v a t i o n  of o a t s  and wheat (e.g. [15,49, 
533). 
undisturbed before the 192O's, except i n  d r i e r  marginal a r e a s ,  b u t  s ince  then 
about 1-2% of the or ig ina l  f o r e s t  area has been removed each year ,  and l i t t l e  
more than half  remains today (e.g. [41 ,44,50,54-561). 
f o r  the c u r r e n t  s t a t e  of defores ta t ion  i s  the recent  map produced by t h e  Chengdu 

Most subtropical  f o r e s t  i n  the  Sichuan region may have been cleared f o r  

Perhaps 20-40% of t h i s  f o r e s t  survives .  Subalpine f o r e s t  was la rge ly  

The most d e t a i l e d  evidence 



m 

F i g u r e  2 .  Fores ted  and de fores ted  l a n d  i n  central Sichuan ( f rom [44]) .  Note t h a t  t h e r e  i s  some u n c e r t a i n t y  
about  t h e  e x a c t  d e f i n i t i o n  o f  " f o r e s t "  and t h e  n a t u r a l  s t a t e  o f  some suba lp ine  and x e r i c  sc rub  
types, b u t  these have been es t ima ted  f rom genera l  impress ions  o f  t h e  l i t e r a t u r e  and d e t a i l e d  
comparisons a t  Wolong (see t e x t  and [ I ] ) .  
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F i a u r e  3. General h i s t o r i c a l  t r e n d s  o f  human p o p u l a t i o n  and f o r e s t  
cove r  i n  Sichuan as suggested by a v a i l a b l e  i n f o r m a t i o n  
( q u a n t i t a t i v e  f rom [18,50,56] e tc . ,  remain ing  guesswork 
f rom misce l l aneous  sources - see t e x t  and [ l ] ) .  

I n s t i t u t e  o f  B i o l o g y  [44], as i n  a s i m p l i f i e d  fo rm here  ( F i g u r e  2) .  
The d e f i n i t i o n  o f  " f o r e s t "  i n  t h a t  source  i s  unc lea r ,  b u t  i t  p robab ly  excludes 
v e g e t a t i o n  t h a t  has had l e s s  than ca. 20-30 yea rs  t o  recove r  f rom c learance,  
i n  c o n t r a s t  t o  some o t h e r  sources ( c f .  

redrawn 

[55-561, d iscussed i n  [l ,571). 

Recent d e f o r e s t a t i o n  has been concen t ra ted  i n  t h e  Min  J i a n g  watershed and 
i n  a d j a c e n t  Gansu Prov ince  t o  t h e  n o r t h .  Logged l a n d  appears t o  have had n e g l i -  
g i b l e  management f o r  t i m b e r  p roduc t i on ,  b e i n g  l a r g e l y  conver ted ,  a f t e r  fuel-wood 
c o l l e c t i o n  and burn ing ,  t o  p a s t u r e  and marg ina l  c rops  (see a l s o  [57]) .  Most 
c u r r e n t  rese rves  a r e  i n  r e l a t i v e l y  i n a c c e s s i b l e  mountains ( F i g u r e  l a ) ,  where 
l o g g i n g  f o r  e x p o r t  was de layed u n t i l  a f t e r  t h e  1950 's  [ l -121.  These areas  d i d  
n o t  r e c e i v e  f u l l  o f f i c i a l  p r o t e c t i o n  u n t i l  t h e  1970 's ,  except  perhaps Wanglang. 
On ly  i n  t h e  Da L i a n g  Shan rese rves  t o  t h e  southwest does e x t e n s i v e  warm temperate 
f o r e s t  s u r v i v e .  I n  t h e  Min Shan t o  t h e  no r thwes t , t he remay  be no warm temperate 
f o r e s t  l e f t ,  due t o  t h e  combina t ion  o f  human d i s t u r b a n c e  and d r i e r  c l i m a t e  a t  
1 ower a1 t i tudes .  

The h i s t o r y  of d i s t u r b a n c e  i n  t h e  Wolong Reserve area  can be t e n t a t i v e l y  
t r a c e d  f rom misce l l aneous  reco rds .  There was p robab ly  no s i g n i f i c a n t  e x p o r t  o f  
t i m b e r  b e f o r e  1442 A . D . ,  when t h e  Wassu P r i n c i p a l i t y  was e s t a b l i s h e d  here  by the  
l ow land  a d m i n i s t r a t i o n  [58]. However l a m a i s t  G iarong t r i b a l  peop le  l i v e d  here  
and c u l t i v a t e d  a l i t t l e  bo t tomland.  I n  about  1775, t h e  a d m i n i s t r a t i o n  extended 
power o v e r  o t h e r  t r i b a l  a reas  f u r t h e r  n o r t h  and west, and a t r a d e  r o u t e  through 
Wolong became f r e q u e n t l y  used (perhaps i n i t i a l l y  f o r  g o l d  [15]) .  I n  t h e  Muping 
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P r i n c i p a l i t y  t o  t h e  southwest,  l o g g i n g  f o r  e x p o r t  and c u l t i v a t i o n  o f  maize began 
i n  1820-60, w i t h  some s t i m u l u s  by C a t h o l i c  m i s s i o n a r i e s  [52]. (The f i r s t  g i a n t  
panda ob ta ined  by a f o r e i g n e r  was here, by David; now t h i s  a rea  i s  t h e  Fengtong- 
zhai  Reserve - F i g u r e  l a . )  I n  t h e  c e n t r a l  P i t i a o  He v a l l e y  o f  t h e  Wolong Reserve, 
t he  f i r s t  f o r e i g n  r e p o r t s ,  e a r l y  i n  t h i s  c e n t u r y  [15,58-603, i n d i c a t e d  t h a t  ex- 
p o r t  had begun about  1900 on a smal l  s c a l e  and i n  marg ina l  zones. Large-sca le  
i n d u s t r i a l  e x p o r t  c o u l d  n o t  have begun u n t i l  t h e  road  was b u i l t ,  i n  t h e  1940 's  
o r  1950's [21]. A " t imber  i n d u s t r y  area" was s e t  up a t  t he  c e n t e r  o f  t h e  rese rve  
i n  1965-75, b u t  some management f o r  conse rva t i on  a l s o  began i n  1963-65, and i n  
about 1976 l o g g i n g  was o f f i c i a l l y  h a l t e d  due t o  concerns f o r  g i a n t  panda s u r v i v a l  
[4-61. I n  1982, I saw no ev idence o f  con t i nued  l o g g i n g  f o r  e x p o r t ,  except  pe r -  
haps f o r  a s h o r t  f i n a l  b u r s t  i n  marg ina l  areas b e f o r e  a t i g h t e n i n g  o f  r e g u l a t i o n s  
a t  t h a t  t ime.  However, t imber -poach ing  by l o c a l  peop le  was o b v i o u s l y  con t inu ing ,  
and massive t r e e - p l a n t i n g  e f f o r t s  s i n c e  t h e  1970 's  were f a i l i n g  i n  many areas, 
l a r g e l y  due t o  g r a z i n g  by domest ic goats.  Whi le  most suba lp ine  f o r e s t  remained, 
t he  degree of c lea rance  i n  temperate zones was s i m i l a r  t o  t h e  p r o v i n c i a l  average 
i n d i c a t e d  above. 

Fo res t  eco logy  i n  t h e  Sichuan r e g i o n  f i r s t  developed as an o rgan ized  d i s -  
c i p l i n e  d u r i n g  t h e  1930 's  when l o g g i n g  had a c c e l e r a t e d  (e.g. [19,41-433). There 
were seve ra l  f o r e s t  surveys then  and some s t u d i e s  of t r e e  growth.  B u t  amb i t i ous  
r e f o r e s t a t i o n  and conserva t i on  programs f o r m u l a t e d  i n  t h e  1950's encountered  
d i f f i c u l t i e s  due t o  p o l i t i c a l  t u r m o i l  and l a c k  o f  ecosystem p l a n n i n g  (e.g. [57, 
611). 
degrees o f f i c i a l l y  des ignated  f o r  f o r e s t s  and a goal  t o  doub le  cove r  i n  t h e  
n e x t  cen tu ry  (e.g. [62 ] ) .  Bu t  t h e r e  i s  no ev idence t h a t  t h e  genera l  p r e c i p i t o u s  
d e c l i n e  has been rese rved  y e t .  Broad problems t h a t  demand u r g e n t  a t t e n t i o n  by 
e c o l o g i s t s  a r e  h y d r o l o g i c a l  deg rada t ion  o f  ecosystems due t o  d i s tu rbance ,  
i n c l u d i n g  inc reased r u n o f f  and e r o s i o n  t o g e t h e r  w i t h  reduced v e g e t a t i o n  h u m i d i t y  
and regenera t i on  (e.g. [57,63]), and e f f e c t s  of d is tu rbance  on i n d i v i d u a l  species,  
e s p e c i a l l y  endangered ones. A t  t h e  ecosystem l e v e l ,  much more i n t e r d i s c i p l i n a r y  
o r g a n i z a t i o n  i s  requ i red ,  b u t  s i n c e  t h e  1970 's  s c i e n t i s t s  and a d m i n i s t r a t o r s  
have a t  l e a s t  exoressed c l e a r  e c o l o g i c a l  concern.  For  example, t h e  Xinhua news 
agency r e p o r t e d  i n  1979 t h a t  "Logging, c l e a r i n g  o f  f o r e s t s  f o r  c u l t i v a t i o n ,  
expansion o f  pas tu res  and f o r e s t  f i r e s  have so s e r i o u s l y  upse t  t h e  ecosystem 
ba lance i n  t h e  Min J i a n g  b a s i n  i n  Sichuan t h a t  e c o l o g i s t s  c l a i m  t h e  Chengdu 
p l a i n ,  home o f  a t  l e a s t  80 m i l l i o n  peoo le ,  faces  d e s e r t i f i c a t i o n  w i t h i n  a few 
decades, and t h e  Yangtze c o u l d  become a second Huang He" ( [56]  c i t e d  i n  [57 ] ) .  
A t  t h e  i n d i v i d u a l  spec ies  l e v e l ,  f o r  example, t h e  bamboos deserve much more 
taxonomic and e c o l o g i c a l  work, s i n c e  they  a r e  dominant i n  t h e  rema in ing  f o r e s t  
unders to ry ,  they  i n t e r a c t  w i t h  f o r e s t  dynamics by temporary suppress ion  o f  t r e e  
seed l ings ,  and they  p r o v i d e  food  f o r  many animals,  i n c l u d i n g  pandas [l]. 

Recent ly ,  t h e r e  has been a resurgence o f  a c t i v i t y ,  w i t h  s lopes  ove r  10 

4. GIANT PANDA-BAMBOO FOREST INTERACTION 

There a r e  about 1000 (-ZOOO?) g i a n t  pandas today ,  concen t ra ted  i n  remain ing  
c o o l  tempera te-suba lp ine  f o r e s t .  Most bamboo i n  t h e i r  range i s  n o t  i n c l u d e d  i n  
o f f i c i a l  rese rves  (F igu res  1 -2 ) .  Much bamboo i n s i d e  and o u t s i d e  of rese rves  i s  
e x c e s s i v e l y  d i s t u r b e d  o r  i s o l a t e d  f rom t r u e  g i a n t  panda re fuges .  
may remain  a f t e r  l ogg ing ,  i n c r e a s i n g  i n  d e n s i t y  a t  s i t e s  where s o i l  e r o s i o n  i s  
n o t  t o o  severe.  
wood- fo rag ing  by peop le  and g r a z i n g  by l i v e s t o c k ,  tends t o  
e v e n t u a l l y  a long  w i t h  o t h e r  f o r e s t  p l a n t s .  
p r e f e r  bamboo i n  a s s o c i a t i o n  w i th  l a r g e  t r e e s ,  wh ich  they  use f o r  scent-marking 
and r e s t i n g  s i t e s  [2]. 
i nc rease  s u s c e p t i b i l i t y  t o  env i ronmenta l  f l u c t u a t i o n s  and problems o f  inbreed ing .  

Some bamboo 

But  t h e  widespread encroachment of  farmland, beg inn ing  w i th  
e l i m i n a t e  bamboo 

Moreover, g i a n t  pandas appear t o  

A lso ,  t h e i r  r e s t r i c t i o n  t o  sma l l  i s o l a t e d  areas  must  
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There a r e  about  10-15 bamboo spec ies  i n  t h e  whole q i a n t  panda range, 
e x c l u d i n g  sub t rop i ca l -warm temperate spec ies  t h a t  a r e  r a r e l y  a v a i l a b l e  due t o  
d i s tu rbance .  There i s  much d i f f e r e n c e  i n  spec ies  compos i t ion  between t h e  f o u r  
ma jo r  mounta in  ranges, and t h e r e  i s  a genera l  i nc rease  o f  d i v e r s i t y  i n  warmer 
zones w i t h  a s h i f t  f rom A r u n d i n a r i i n a e  t o  Phyllostachyidinae(ongoing taxonomic 
syn thes i s  by [1,10,64,65] e t c . ) .  
averaged about  5-10 tonnes /hec tare  ( d r y )  a t  2200-3000 m, where stands o f  

A t  Wolong i n  1982, above-ground bamboo biomass 

A r u n d i n a r i a  fang iana,  Yushania chunqi; - a n d  Fa rqes ia  a f f .  spathacea covered 
30-90% o f  t h e  wound .  Awav f rom t h i s  ootimum. biomass d e c l i n e d  a b r u D t l v  t o  
t h e  upper bamboo l i m i t  a t  ;a. 3400 m. i t  d e c l i n e d  more g r a d u a l l y  t o ' l  tonne/  
hec ta re  o r  l e s s  a t  1000-1500 m and below, though i n d i v i d u a l  clumps o f  some 
l a r g e r  spec ies  here  may have a t  l e a s t  10 t imes  more biomass pe r  square m than 
t h e  most widespread spec ies  h i g h e r  up. 
f l o w e r i n g  bamboo a t  Wolong (da ta  poo led  w i t h  X.T. Zhang, Z.S. Q i n  e t  a l . )  
averaged about  15-25% o f  biomass, as g e n e r a l l y  r e p o r t e d  i n  o t h e r  bamboo s t u d i e s  
( c i t e d  i n  [ l ] ) .  
s i m i l a r  percentage o f  s t a n d i n g  d e n s i t y .  There was no s i g n i f i c a n t  d i f f e r e n c e  
between cu lm r e c r u i t m e n t  and m o r t a l i t y  i n  a l l  non - f l ower ing  p l o t s  combined, 
b u t  t h e r e  was much sma l l - sca le  v a r i a t i o n  i n  t h e  r a t i o  o f  these r a t e s  ( a t  ca.  
1-2 square m) t h a t  had l i t t l e  r e l a t i o n  t o  ma jo r  q r a d i e n t s  o f  f o r e s t  compos i t ion  
o r  basa l  a rea  [l]. 
of clump expans ion  and d e c l i n e .  

i n  t h e  coo l  tempera te-suba lp ine  t r a n s i t i o n ,  t h e i r  e x c l u s i v e  d i e t  o f  bamboo culms 
and leaves  amounts t o  o n l y  0.1-2.0% o f  above-ground o r o d u c t i o n  [ l - 41 .  
c e r t a i n  seasons, e s p e c i a l l y  i n  t h e  s p r i n g ,  t hey  o f t e n  m i g r a t e  t o  l ower  temperate 
zones and f e e d  on t h e  t h i c k e r  young culm shoots  o f  d i f f e r e n t  bamboo spec ies  [1-9]. 
A t  Wolong i n  1981-82, t h e r e  was a d e f i n i t e  s h i f t  by some a d u l t s  f rom e a t i n g  
l e a f y  culms o f  A r u n d i n a r i a  a t  2600-3000 m i n  t h e  w i n t e r ,  t o  e a t i n g  culm shoots 
o f  Farqes ia  a t  2200-2600 m i n  A p r i l - J u n e .  About 10-20% o f  these shoots were 
taken, and, a f t e r  t h i s  p r o d u c t i o n  d im in i shed  and t h e  shoots  approached f u l l  
h e i g h t ,  t h e  an imals  r e t u r n e d  t o  t h e  h i g h e r  bamboo. I n  o t h e r  reserves ,  seasonal 
descent may be as low as 800-1000 m, b u t  a t  Wolong t h e r e  i s  t o o  much d i s tu rbance .  
Th is  change i n  behav io r  may be an i m p o r t a n t  requ i remen t  a f t e r  t h e  r e l a t i v e l y  
poor w i n t e r  d i e t  and d u r i n g  t h e  usua l  ma t ing  season o f  Apr i l -May [2] .  
a d d i t i o n  t o  hav ing  r e l a t i v e l y  h i g h  p r o t e i n  and a v a i l a b l e  ca rbohydra te  con ten t  
( d r y  w e i g h t ) ,  t hese  shoots  have r e l a t i v e l y  low s i l i c a  con ten t ,  w h i l e  s i l i c a  
tends t o  i n c r e a s e  i n  o l d  leaves  remain ing  on p l a n t s  u n t i l  r ep laced  i n  suminer 
(see a l s o  [66] e t c . ) .  H igh  s i l i c a  c o n t e n t  may reduce d i g e s t i b i l i t y  of  o l d  
l e a f y  m a t e r i a l ,  though a d i f f e r e n t  problem w i t h  young shoots i s  t h e  h i g h  wa te r  
con ten t ,  wh ich  r e q u i r e s  l a r g e  b u l k  feed ing  r a t e s  [2] .  Many o t h e r  an ima ls  e a t  
these shoots  sometimes, and i n s e c t  l a r v a e  des t royed  about  as many as g i a n t  
pandas d i d  a t  Wolong. The s i z e  and p r o t e i n  c o n t e n t  o f  shoots  i s  s t i l l  h i g h e r  
i n  some spec ies  o f  warm tempera te -sub t rop i ca l  zones. Moreover, i n  these warm 
zones some spec ies  produce shoots i n  August-October and o t h e r s  i n  Apr i l -May,  
whereas i n  coo l  zones shoots  a r e  m a i n l y  produced i n  A p r i l - J u n e  ( o r  w i t h  a few 
t o  August i n  dwar f  suba lp ine  A. f anq iana  e t c .  [ l -3,10,64]) .  Bu t  huiiian a c t i v i t y  
has des t royed  much o f  t h i s  l ower  bamboo o r  made i t  u n a v a i l a b l e .  I f  bamboo 
shoots a r e  i m p o r t a n t  f o r  rep roduc t i on ,  one m igh t  specu la te  t h a t  t h e  autumn 
oes t rus  behav io r  observed i n  some g i a n t  pandas i s  r e l i c t u a l  from a t i m e  when 
they  roamed i n t o  warmer zones, and e a t  l a r g e  l a te -season  shoots [67]. 

Most bamboos o f  t h e  Sichuan r e g i o n  appear t o  be  g r e g a r i o u s l y  monocarpic 
[ l -101.  
and r e g e n e r a t i o n  by seed, wh ich  may r e q u i r e  about  10-15 yea rs  b e f o r e  biomass i s  
recovered.  
spathacea d u r i n g  1975-76 i n  t h e  southern  Min  Shan (Wanglang and B a i s h u i j i a n g  

Annual above-ground p r o d u c t i o n  o f  non- 

The annual p o p u l a t i o n  t u r n o v e r  o f  f u l l y  grown culms was a 

T h i s  v a r i a t i o n  needs t o  be ana lyzed i n  r e l a t i o n  t o  processes 

A t  c u r r e n t  g i a n t  panda d e n s i t i e s  o f  about 0.1-1 oe r  square km o f  bamboo 

But  a t  

I n  

Mass - f l ower ing  o v e r  many square km i s  g e n e r a l l y  f o l l o w e d  by m o r t a l i t y  

A t  l e a s t  138 g i a n t  pandas s t a r v e d  due t o  m o r t a l i t y  o f  Farqes ia  
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Reserves e tc . ,  F igu re  l a ) .  
f l ower ing  of  A rund ina r ia  fanq iana d u r i n g  1983 f u r t h e r  south ,  i n c l u d i n g  Wolong 
(and perhaps A. f a r g e s i i  f u r t h e r  eas t? ) ,  un less  massive emergency measures a r e  
implemented. 

Based on a v a i l a b l e  records ,  mass- f lower ing  by each spec ies  may l a s t  up t o  
10 years ,  sometimes w i t h  geographic o r  a l t i t u d i n a l  s h i f t  ac ross  t h e  range. 
Typ ica l  i n t e r v a l s  between these events  appear t o  v a r y  f rom about  30 t o  120 
years ,  o f t e n  w i t h  n e g l i g i b l e  f l o w e r i n g  between. I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  
i n t e r v a l s  a r e  f a i r l y  c o n s i s t e n t  w i t h i n  a bamboo spec ies ,  b u t  i n  t h i s  r e g i o n  no 
spec ies '  h i s t o r y  has been c l e a r l y  t r a c e d  f o r  more than two mass- f lower ings .  
D i f f e r e n t  spec ies  have sometimes f lowered toge the r .  Some 955 o f  a l l  a v a i l a b l e  
records  ( c o u n t i n g  i n d i v i d u a l  herbar ium specimens e t c . )  have been concen t ra ted  
i n  55% o f  t h e  t i m e  s i n c e  reco rds  began: d u r i n g  1885-92, 1914-22, 1930-43, 1949- 
52, 1955-65 and 1973-83 [l]. I n  1885-92, 1930-43 and 1973-83, more spec ies  
were i n v o l v e d  and a w i d e r  a rea  was covered. These f l o w e r i n q  p e r i o d s  have 
l a r g e l y c o i n c i d e d  w i t h  r e l a t i v e l y d r y  c l  i m a t i c  per iods ,  which a r e  r e p o r t e d  t o  have 
cyc les  of  r o u g h l y  20, 40 and 80 yea rs  i n  China [68-711. 
t he  Ph l l o s t a c h  s f l o w e r i n g  o f  1955-65.) Such c l i m a t i c  c y c l e s  may have s o l a r  
rela-e a l s o  [72 ] ) .  
ab le  t imes f o r  sexual  r e p r o d u c t i o n  t o  occur  i n  bamboos. As w e l l  as seed d i s -  
pe rsa l  t o  m o i s t e r  m i c r o s i t e s ,  and perhaps seed dormancy f o r  a y e a r  o r  more, 
s h o r t e r  j u v e n i l e  stands m igh t  have lower  m o i s t u r e  requ i rements  [l]. 
even be wor th  ask ing  whether l o c a l  c l i m a t i c  changes caused by d e f o r e s t a t i o n  
have i n f l u e n c e d  f l o w e r i n g . )  Other  i m p o r t a n t  env i ronmenta l  f a c t o r s ,  such as 
f i r e ,  may be assoc ia ted  w i t h  d r y  pe r iods  i n  some areas  ( c i t e d  i n  [l]). A more 
tenuous hypothes is  proposed by some Chinese researchers  i s  t h a t  earthquakes 
a r e  r e l a t e d  t o  f l o w e r i n g  o r  m o r t a l i t y ,  perhaps i n v o l v i n g  d r y  c o n d i t i o n s  as 
w e l l  [6,73]. There has been some s t r i k i n g  co inc idence  w i t h  earthquakes (see 
a l s o  [32]) ,  b u t  no  r i g o r o u s  a n a l y s i s .  

The major  a l t e r n a t i v e  hypo thes i s  f o r  bamboo f l o w e r i n g  oroposed i n  western  
l i t e r a t u r e ,  by Janzen [74],  assumes t h a t  a l o n g  t i m e  i s  r e q u i r e d  t o  accumulate 
enough n u t r i e n t s  f o r  seed-consuming an imals  t o  be s a f i a t e d  a f t e r  mass- f lower ing ,  
which i s  then f o l l o w e d  by t h e i r  s t a r v a t i o n .  A lso ,  r a t h e r  than env i ronmenta l  
cues, a p h y s i o l o g i c a l  ' c l o c k '  under g e n e t i c  c o n t r o l  i s  supposed t o  i n i t i a t e  
f l o w e r i n g .  T h i s  hypo thes i s  may indeed app ly  t o  many sub t rop i ca l -warm temperate 
bamboos (such as P h y l l o s t a c h y s ) ,  f o r  which t h e r e  i s  c o n s i d e r a b l e  ev idence o f  
such animal i n t e r a c t i o n  and p r e c i s e  t i m i n g  o f  f l o w e r i n g .  However, c o o l  temp- 
e ra te -suba lp ine  spec ies  may have somewhat d i f f e r e n t  i n t e r a c t i o n s .  The l i f e s p a n s  
of  coo l  zone spec ies  tend t o  be l o n g e r  than those o f  warm zones, on average, 
and some appear t o  be much l o n g e r  than t h e  t ime  r e q u i r e d  t o  accumulate enough 
resources  f o r  t h e i r  observed seed p roduc t i on ,  as es t ima ted  f rom the  few a v a i l -  
a b l e  da ta  (e .g .  [l ,74-761). Moreover, t h e  s m a l l e r  average seed p r o d u c t i o n  and 
seed s i z e  o f  coo l  zone bamboos may reduce a t t r a c t i o n  f o r  some consumers. 
l o n g  c l i m a t i c  cyc les  t o  wh ich  bamboos m igh t  respond a r e  r e p o r t e d  t o  be more 
pronounced i n  c o o l e r  zones (e.g. [68,70]). F i n a l l y ,  i t  i s  conce ivab le  t h a t  
bamboo stands a r e  so e x t e n s i v e  w i t h i n  huniid montane f o r e s t s  t h a t  m o r t a l i t y  o f  
mature p l a n t s  i s  r e q u i r e d  f o r  sexual  r e p r o d u c t i o n  f rom seed t o  a v o i d  p a r e n t a l  
compe t i t i on .  Monocarpy i s  c l e a r l y  a g e n e t i c  t r a i t  assoc ia ted  w i t h  t h e  woody 
rhizomatous h a b i t  i n  bamboos [65],  which t o g e t h e r  w i t h  comDlete culm growth  
i n  one season produces p a r t i c u l a r l y  u n i f o r m  c o m p e t i t i v e  cove r  [l]. The t i m i n g  of  
f l o w e r i n g  must a l s o  have some g e n e t i c  c o n t r o l ,  b u t  t h e  major  unanswered 
ques t i on  i s  s t i l l :  t o  what e x t e n t  i s  g e n e t i c  c o n t r o l  m o d i f i e d  by env i ronmenta l  
p e r i o d i c i t y ,  e i t h e r  d i r e c t l y  o r  th rough e v o l u t i o n ?  
some c l i m a t i c  p e r i o d i c i t y  appears t o  have been r e l a t e d  t o  s o l a r  c y c l e s  f o r  a t  
l e a s t  680 m i l l i o n  years ,  though i t s  c l a r i t y  may have f l u c t u a t e d  [72].  A v a i l a b l e  
da ta  may n o t  be enough f o r  f i r m  suppor t  o f  any p a r t i c u l a r  hyDothes is ,  b u t  i t  

Another  ma jo r  d e c l i n e  i s  c u r r e n t l y  f e a r e d  due t o  

(The o n l y  excep t ion  i s  

I t  i s  a rguab le  t h a t  d r y  p e r i o d s  would be f a v o r -  

( I t  m igh t  

A lso ,  

It i s  wor th  n o t i n g  t h a t  
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i s  u s e f u l  t o  pursue more thorough 
h e r b a r i a  and obscure l i t e r a t u r e ,  
programs. A n a l y s i s  shou ld  n o t  be 

I n  summarv. t h e  a b i l i t v  o f  a 

syn thes i s  o f  e x i s t i n g  f l o w e r i n g  da ta  i n  
n a d d i t i o n  t o  s e t t i n g  up l ong - te rm m o n i t o r i n g  
b iased  by t h e  most s t r i k i n g  co inc idences .  

a n t  pandas t o  s u r v i v e  such n a t u r a l  f l u c t u a -  
t i o n s  must have-been great l ;  r e d i c e d  by human d i s tu rbance .  It i s  p robab ly  n o t  
t r u e  t h a t  t h e i r  w i d e r  f o s s i l  range i n  t h e  whole Qua te rna ry  e ra  ( F i g u r e  I d )  was 
l a r g e l y  due t o t h e  absence o f  human d i s tu rbance ,  c o n s i d e r i n g  t h e  l a r g e  s h i f t s  i n  
c l i m a t e  t h a t  have occur red .  However, some human e f f e c t s  may have begun as e a r l y  
as t h e  l a t e  P l e i s t o c e n e  [77]. C e r t a i n l y ,  spread o f  pas tu re  and c rop land  d u r i n g  
t h e  p a s t  2000-3000 yea rs  has e l i m i n a t e d  t h e  spec ies  a t  l ower  a l t i t u d e  i n  t h e  
Sichuan r e g i o n  and on i s o l a t e d  o u t l y i n g  mountains,  perhaps as f a r  eas t  as t h e  
m a r i t i m e  J i a n g x i - F u j i a n  r e g i o n  [5]. From ev idence summarized above, t h e  acce l -  
e r a t e d  l o g g i n g  o f  t h e  p a s t  100 yea rs  has des t royed  a t  l e a s t  h a l f  o f  t h e  remain- 
i n g  bamboo-forest  h a b i t a t  w i t h i n  t h e  r e c e n t  h i s t o r i c a l  range (F igu res  1-2) .  
I n c r e a s i n g  human pressures  a t  l ow  a1 t i t u d e ,  i n c l u d i n g  c a p t u r e  [78-801, combined 
w i t h  f l o w e r i n g  o f  t h e  few bamboo spec ies  a t  h i g h  a l t i t u d e ,  has c r e a t e d  a danger- 
ous s i t u a t i o n ,  e s p e c i a l l y  s i n c e  1930. I f  enough bamboo f o r e s t  were und is tu rbed  
i n  t h e  warm temperate zone, then d u r i n g  r e g e n e r a t i o n  h i g h e r  up g i a n t  pandas 
c o u l d  descend t o  s u r v i v e  on t h e  d i f f e r e n t  bamboo spec ies  here,  m a i n l y  S ina rund i -  m, Phy l l os tachys ,  Chimonobambusa, e t c . ,  nea r  re fuges  c u r r e n t l y  t h rea tened  
[ l - l o ] .  I f  la te -season shoots enhance r e p r o d u c t i o n  (see above) and growth,  
then a g r e a t e r  supp ly  o f  t h e  l a r g e r  Bambusa and Sinocalamus o f  t h e  s u b t r o p i c a l  
zone m i g h t  a l s o  be d e s i r a b l e .  The m o r t a l i t y  o f  most g i a n t  pandas i n  p a r t s  of  
t h e  southern  M in  Shan d u r i n g  t h e  1970 's  was c l e a r l y  aggravated  by s c a r c i t y  of  
a l t e r n a t i v e  bamboos a t  t h e  r e l a t i v e l y  d r y  and d i s t u r b e d  lower  a l t i t u d e s .  
Cur ren t  f l o w e r i n g  o f  o t h e r  spec ies  t o  t h e  south  and e a s t  may n o t  c r e a t e  such 
s e r i o u s  problems, s i n c e  more a l t e r n a t i v e  bamboos a r e  a v a i l a b l e .  B u t  g i a n t  
pandas may be wary o f  f o r a g i n g  t o o  c l o s e  t o  dense human se t t l emen ts .  
a r e  no r e c e n t  r e p o r t s  o f  mass- f lower ing  i n  t h e  most southern  (L iang  Shan e t c . )  
and e a s t e r n  (Wu Shan e t c . )  ou tpos ts  o f  e x t e n s i v e  bamboo f o r e s t  around t h e  
Sichuan Bas in  [ l -121.  However, g i a n t  pandas have a l r e a d y  been e l i m i n a t e d  
f rom most o f  t h i s  f o r e s t ,  presumably due 
p rev ious  f l o w e r i n g .  They a r e  now unab le  t o  m i g r a t e  back, unaided, f rom t h e i r  
no r thwes te rn  re fuges  across  t h e  low lands .  

There 

t o  d i s t u r b a n c e  i n  combina t ion  w i t h  

5. RESFARCH AND CONSERVATION PRIORITIES 

I suggest t h e  f o l l o w i n g  genera l  p r i o r i t i e s  f o r  con t inued  b o t a n i c a l  research  
a p p l i e d  t o  conserva t i on  i n  t h i s  r e g i o n .  
coopera t i on  shou ld  be s t rengthened th rough b e t t e r  exchange o f  ideas  and m a t e r i a l s  
The problems o f  h y d r o l o g i c a l  degradat ion ,  i n  p a r t i c u l a r ,  need u r g e n t  s tudy  w i t h  
new ecosystem approaches. S t r a i g h t f o r w a r d  research  on taxonomy and d i s t r i b u t i o n  
i s  be ing  completed, and t h e r e  i s  much p o t e n t i a l  f o r  a s h i f t  t o  e c o l o g i c a l  empha- 
s i s .  Taxonomic s t u d i e s  on bamboos shou ld  be p rompt l y  l i n k e d  w i t h  g i a n t  panda 
conserva t i on ,  wh ich  has much r e a l  and symbol ic  impor tance as an endangered 
spec ies  prob lem i n  these f o r e s t s .  There shou ld  be more s y n t h e s i s  o f  e x i s t i n g  
da ta  on bamboos, as w e l l  as i n t e n s i f i e d  m o n i t o r i n g  i n  r e l a t i o n  t o  animal con- 
sumers and f o r e s t  dynamics i n  genera l .  
sh ips  i s  an e s s e n t i a l  s t a r t i n g  p o i n t  f o r  e c o l o g i c a l  s tudy ,  b u t  a v a i l a b l e  
c l i m a t i c  da ta  f rom t h e  most humid mounta insaremuch t o o  scanty  f o r  s e r i o u s  
research  on v e g e t a t i o n  p a t t e r n s  ( c f .  F i g u r e  l b ) .  D e t a i l s  o f  f l u c t u a t i o n s  from 
y e a r  t o  y e a r  shou ld  be made a v a i l a b l e  as w e l l  as mean va lues .  Broad surveys 
o f  v e g e t a t i o n  compos i t i on  shou ld  be i n t e n s i f i e d  on t h e  ground i n  c o n j u n c t i o n  
w i t h  a e r i a l  photography and LANDSAT imagery. Mu1 t i v a r i a t e  a n a l y s i s  of 
env i ronmenta l  r e l a t i o n s h i p s  shou ld  be i n i t i a t e d .  

I n t e r d i s c i p l i n a r y  and i n t e r n a t i o n a l  

Bas ic  s tudy  o f  f o r e s t - c l i m a t e  r e l a t i o n -  
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I n  t h e  c u r r e n t  g i a n t  panda c r i s i s ,  z o o l o g i s t s  a r e  t r y i n g  t o  f e e d  o r  rescue 
s t a r v i n g  an imals  f o r  s e c u r i t y  and breed ing ,  b u t  t h e r e  a r e  no c l e a r  p l a n s  f o r  
r e t u r n  t o  t h e  w i l d .  Re l i ance  on a r t i f i c i a l  p ropaga t ion  would be  p r e c a r i o u s  a t  
bgs t ,  c o n s i d e r i n g  t h e  c o n t i n u i n g  d i f f i c u l t i e s  i n  zoos. 
de te rm in ing  t h e  spec ies  and g e n e t i c  r e l a t i o n s h i p s  o f  bamboos t h a t  f l o w e r ,  
p o o l i n g  o l d  reco rds  o f  f l o w e r i n g  and c l i m a t e ,  and s t u d y i n g  l i f e - c y c l e  mechanisms, 
so t h a t  t imes and p laces  o f  f u r t h e r  ou tbreaks  can be p r e d i c t e d ,  t o g e t h e r  w i t h  
pe r iods  needed f o r  recovery .  But ,  t o  da te ,  problems o f  a d m i n i s t r a t i o n  and 
communication have h inde red  t h e  i n t e r d i s c i p l i n a r y  coopera t i on  needed f o r  t h i s .  
I was n o t  even a l l owed  t o  remove bamboo samples t o  t h e  l o c a l  herbar ium f o r  
study, o r  t o  see m e t e r e o l o g i c a l  da ta  c o l l e c t e d  i n  o u r  research  camp. As t h e  
c r i s i s  abates,  and more l ong - te rm p lans  f o r  r e s e r v e  mangement a r e  developed, 
i t  w i l l  t hen  be i m p o r t a n t  t o  i n t e n s i f y  s tudy  o f  v e g e t a t i v e  growth,  rh izome, 
culm and l e a f  dynamics, wa te r  and n u t r i e n t  r e l a t i o n s ,  t h e  b i o c h e m i s t r y  o f  
consumption by pandas, e t c .  

c l e a r  d i r e c t i o n s  i n  wh ich  conserva t i on  a c t i o n  shou ld  move. The fundamental 
problem o f  con t inued  human p o p u l a t i o n  expans ion  and e x p l o i t a t i o n  i n  remain ing  
n a t u r a l  h a b i t a t s  can o n l y  be so l ved  by c l o s e  unders tand ings  between c o n s e r v a t i o n  
s c i e n t i s t s  and a d m i n i s t r a t o r s ,  l ow land  peop le  w i t h  t h e i r  demand f o r  wood, and 
ind igenous peop le  o f  t h e  mountains.  Conserva t ion  programs shou ld  be l i n k e d  
w i t h  b e t t e r  educat ion ,  f a rm ing  and f o r e s t r y .  Cur ren t  management of  t h e  g i a n t  
panda c r i s i s  shou ld  be f o l l o w e d  up by c o n s t r u c t i o n  o f  more enc losu res  w i t h  
bamboo f o r  h o l d i n g  rescued an imals .  Rep lan t i ng  and p r o t e c t i o n  o f  bamboo 
shou ld  be i n t e g r a t e d  w i t h  genera l  mu1 t i p l e - u s e  r e f o r e s t a t i o n  programs. Cap t i ve  
animals shou ld  e v e n t u a l l y  be r e i n t r o d u c e d  t o  a reas  o f  s u i t a b l e  h a b i t a t  where 
t h e  spec ies  has been e l i m i n a t e d ,  though i n  some such areas b e t t e r  c o n t r o l  of 
t h e  human p o p u l a t i o n  would be r e q u i r e d  f i r s t ,  as w e l l  as b e t t e r  survey  of 
n a t u r a l  p o t e n t i a l .  For  example, t h e  Shennongj ia F o r e s t  D i s t r i c t  o f  wes tern  
Hubei ( F i g u r e  l a )  has become h e a v i l y  logged o n l y  i n  t h e  p a s t  10  years ,  w i t h  
a g r i c u l t u r a l  encroachment now t h r e a t e n i n g  [12]. Bamboo f o r e s t s  here  and 
elsewhere on t h e  eas te rn  s i d e  o f  t h e  Sichuan Bas in  (e.g. [ S l ] )  have t h e  same 
genera o r  spec ies  as t h e  more e x t e n s i v e  western  areas. 
eas te rn  areas w i t h  smal l  i s l a n d s  o f  bamboo f o r e s t ,  c a r e f u l  r e i n t r o d u c t i o n  and 
management o f  g i a n t  pandas c o u l d  genera te  much tou r i sm.  

western  o r g a n i z a t i o n s  would o f f e r  more suppor t  i f  poss ib le .  
o f  f o r e i g n  ebu l i ence  and Chinese r e t i c e n c e  must f i r s t  be overcome. 
a c t i o n s  such as t h e  World W i l d l i f e  Fund p r o j e c t  and t h e  Sino-American b o t a n i c a l  
exchange (e.g. [12])  have p rov ided  some impor tan t  da ta  and a l s o  exposed s e r i o u s  
d e f i c i e n c i e s .  A more thorough e c o l o g i c a l  approach i s  now needed. R e c a l l i n g  
t h e  momentous Qingha i -X izang symposium o f  1980 [40], t h e r e  shou ld  now be no 
de lay  i n  o r g a n i z i n g  a inore p r a c t i c a l  meet ing  o f  s c i e n t i s t s  and a d m i n i s t r a t o r s  
concerned w i t h  geo-eco log ica l  problems o f  t hese  mountains around Sichuan, 
assuming p r o v i n c i a l  i n t e r e s t s  can be accommodated. The r e g i o n  shares many 
problems w i t h  t h e  Himalayas, i n  p a r t i c u l a r ,  and more work shou ld  be shared, 
bo th  a t  t h e  degraded ecosystem l e v e l  and a t  t h e  endangered spec ies  l e v e l  (e.g. 
t h e  l e s s e r / r e d  panda wh ich  i s  more o p p o r t u n i s t i c  b u t  a l s o  l a r g e l y  depends on 
bamboo f o r  f ood  [ g l ] ) .  The r e c e n t  d e s i g n a t i o n  o f  t h e  Wolong Reserve as p a r t  
o f  t h e  Man-And-Biosphere (UNESCO) system [82,83] p rov ides  an i m p o r t a n t  oppor t -  
u n i t y  f o r  deepening t h e  e c o l o g i c a l  work here,  and f o r  l i n k i n g  up w i t h  MAB 
p r o j e c t s  i n  t h e  Himalayas [84]. Bu t  t h e r e  i s  no s i g n  t h a t  such coopera t i on  i s  
be ing  planned. 
needed. P o l i t i c i a n s  c o u l d  use such p r o j e c t s  t o  r e a f f i r m  c u l t u r a l  t i e s ,  w i t h  
some focus  on w i l d  pandas be ing  a p o t e n t  symbol. 
r e c e n t  advances i n  p o p u l a t i o n  c o n t r o l ,  development o f  a l t e r n a t i v e s  t o  wood as 

B o t a n i s t s  shou ld  be 

Bu t  w i t h o u t  w a i t i n g  f o r  d e t a i l s  o f  b i o l o g i c a l  research ,  t h e r e  a r e  c e r t a i n  

I n  more a c c e s s i b l e  

These problems a r e  severe t e s t s  f o r  Ch ina ' s  new e c o l o g i c a l  p o l i c i e s ,  and 
However, problems 

Recent i n t e r -  

I n s i g h t f u l  l e a d e r s h i p  f rom Be i  j i n g  and f o r e i g n  c a p i t o l s  i s  

Cons ide r ing  Ch ina ' s  g r e a t  
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a resource ,  and c o n s e r v a t i o n - r e f o r e s t a t i o n  p lann ing ,  an 'open-door '  p o l i c y  f o r  
these mountains need n o t  r e s u l t  i n  e x c e s s i v e l y  n e g a t i v e  exposure ( c f .  [57 ] ) .  
However, I suspect  t h a t  o n l y  when t h e  c u r r e n t  g i a n t  panda c r i s i s  abates ,  and 
l o c a l  b i o l o g i s t s  complete t h e i r  i n v e n t o r i e s ,  w i l l  c l o s e  f o r e i g n  i n s p e c t i o n  be 
i n v i t e d .  

W i th  a l l  t h e  g l o b a l  r a m i f i c a t i o n s  o f  such endeavors, o u t s i d e r s  must n o t  
ove r look  t h e  s e n s i t i v e  i ssues  of ind igenous Sino-Himalayan peoples.  
spread of  t h e  Chipko movement from wes t -cen t ra l  Himalayas has reawakened l o c a l  
r e s i s t a n c e  t h e r e  t o  o v e r - e x p l o i t a t i o n  o f  montane f o r e s t s  by o u t s i d e  i n t e r e s t s  
[El. A t  t h e  o p p o s i t e  extreme of  t h e  Sino-Himalayan r e  i o n ,  i n  t h e  upper Min 
J iang  v a l l e y  of Sichuan, t h e  Q i a n g  peop le  (amoncj o t h e r s 7  may s t i l l  r e t a i n  f e r v e n t  
conse rva t i on  be1 i e f s  d e s p i t e  t h e i r  g radua l  c u l t u r a l  d e c l i n e  ove r  t h e  p a s t  2000 
yea rs  [17-181. 
from t h e i r  su r round ing  f o r e s t s  had begun, C.M. Hu [ l E ]  r e p o r t e d  t h i s  New Year 's  
Day song: 

The r e c e n t  

A t  l e a s t  i n  1941, a f t e r  t h e  modern a c c e l e r a t i o n  o f  t imber -expor t  

"The g r e a t e s t  a r e  Heaven and Ear th ,  
Nex t  t o  them i s  t h e  Sacred Fo res t ,  
W i l d  beas ts  b e a t i n g  s tones  on t h e  c l i f f ,  
F i r  t r e e s  and b i r c h  t r e e s ,  
Grasses f l o u r i s h i n g ,  l a k e s  deep, 
Mountains h igh ,  t h e  l a n d  b i g ,  
Remember, remember. " 

Can t h e  t r a d i t i o n a l  concerns o f  these peop le  now be i n t e g r a t e d  w i t h  c e n t r a l i z e d  
conserva t i on  p lann ing?  Montane m i n o r i  ty  peop les  i n  genera l  a r e  i n c r e a s i n g  i n  
p o p u l a t i o n  more than low land  (Han) peop le  i n  China, s i n c e  they  a r e  exempt from 
t h e  'one c h i l d  o n l y '  p o l i c y ,  and t h e r e  i s  presumably a d e s i r e  t o  r a i s e  many 
c h i l d r e n  i n  such marg ina l  socioeconomic environments [56]. These peop le  must 
be assured o f  a secure  economic base, educat ion ,  and p a r t i c i p a t i o n  i n  conserva- 
t i o n  p lann ing ,  i f  t h e i r  despera t i on  i s  t o  be d i s s i p a t e d  and some n a t u r a l  harmony 
r e s t o r e d .  

The u l t i m a t e  conserva t i on  prob lem i s  t o  persuade peop le  i n t e r e s t e d  i n  
expansion and e x p l o i t a t i o n ,  f rom greed, f e a r  o r  ignorance,  t h a t  t h e i r  demands 
a r e  d e t r i m e n t a l  t o  t h e  n a t u r a l  h e r i t a g e ,  t h a t  t h i s  i s  undes i rab le ,  and t h a t  
broad-minded research  and p l a n n i n g  can be used t o  change despera t i on  i n t o  good 
f o r t u n e  f o r  a l l .  Fo r  success, fundamental d i s c u s s i o n  o f  i deo logy  i s  r e q u i r e d .  
The ' c o n s e r v a t i o n  f o r  development '  s logan r e s u l t i n g  f rom t h e  r e c e n t  IUCN-UNEP- 
WWF World Conserva t ion  S t r a t e g y  [86] may r e f l e c t  a common ideo logy  based on 
human need ( o r  greed?).  Indeed, i n  China, wh ich  has been j u s t  as d e s t r u c t i v e  
o f  n a t u r e  i n  t h e  p a s t  as t h e  west, c o n s e r v a t i o n  and p o p u l a t i o n  p l a n n i n g  i s  now 
l a r g e l y  m o t i v a t e d  f rom government by t h r e a t s  o f  economic d i s a s t e r .  C e r t a i n l y ,  
t h e r e  i s  much economic argument t o  conserve  f o r e s t  resources  f o r  f u t u r e  use, t o  
develop a l t e r n a t i v e s ,  and t o  l i m i t  p o p u l a t i o n .  Bu t  when a l t e r n a t i v e s  a r e  deve- 
loped f u r t h e r  and some r e l a x a t i o n  o f  t h e  c r i s i s  comes, m i g h t  n o t  t h a t  argument 
fade i n  a c o u n t r y  l i k e  China, wh ich  has been accustomed f o r  so l o n g  t o  l i v i n g  
a t  marg ina l  economic c o n d i t i o n s ?  I t  m i g h t  n o t  t a k e  much more c o n c r e t e  and s t e e l ,  
b iogas and h y d r o e l e c t r i c i t y ,  dams and i r r i g a t i o n  d i t c h e s ,  e tc . ,  t o  reduce a 
p u r e l y  economic argument f o r  f o r e s t s .  B u t  t h e  a d d i t i o n  o f  a e s t h e t i c ,  o r  even 
a l t r u i s t i c ,  arguments, t o g e t h e r  w i t h  t h e i r  economic s p i n o f f  i n  tou r i sm,  o f fe rs  
more fundamental  hope f o r  conse rva t i on .  
o f f i c i a l l y  p romulga ted  i n  t h e  Peop le ' s  Repub l ic ,  e v o l v i n g  i n  p a r t  f rom t h e  
t r a d i t i o n a l  a e s t h e t i c s  o f  ga rden ing  (e.g. [9,57,62]). 
peop le  i n  Sichuan p robab ly  d i d  n o t  even know t h a t  t h e  g i a n t  panda was endemic 
t o  t h e  r e g i o n  and endangered. 
symbol of new c o n s e r v a t i o n  p o l i c i e s .  
I suspect  t h a t  l o w l a n d  Chinese peop le  w i l l  have t o  d i g  much deeper i n t o  t h e i r  

Such arguments have o n l y  r e c e n t l y  been 

U n t i l  t h i s  t ime,  most 

Suddenly, t h e  spec ies  has become a widespread 
Probab ly  t h i s  symbolism w i l l  he lp ,  b u t  
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c o l l e c t i v e  unconscious t o  c r e a t e  a new golden age o f  f o r e s t  conse rva t i on  ( c f .  
[51]) .  I f  they can do t h i s ,  i t  w i l l  s u r e l y  be t h e  g r e a t e s t  human e c o l o g i c a l  
drama o f  a l l  t ime, s i n c e  t h e  r i c h e s t  and c u r r e n t l y  most threatened temperate 
f o r e s t s  w i l l  be secure. Yet f u r t h e r  south,  t h e  t r o p i c a l  t ragedy w i l l  a lmost  
c e r t a i n l y  con t inue  t o  g e t  worse. 
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