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"One o f the greatest environm ental and developm ent challenges 
in the tw en ty-firs t century w ill be tha t o f contro lling  and coping 
w ith  c lim ate change. The overw helm ing m ajority  o f scientists 
now  agree tha t human activ ity  is having a s ign ifican t im pact on 
the clim ate

Kofi Annan, In Larger Freedom. 
Towards Developm ent, Security and Human Rights fo r A ll, 2005.



The impacts of Climate Change on biodiversity are a l re a d y  
v is ib le .  S tud ies  s h o w  c le a r ly  th a t  c h a n g e s  in d is t r ib u t io n  and 
b e h a v io u r  o f  a la rge  n u m b e r  o f  s p e c ie s  are  th e  c o n s e q u e n c e  of 
sh i f ts  in loca l  o r  re g ion a l  c l im a te ,  w e a t h e r  p a t te rns  and re s u l t ­
ing c h a n g e s  o f  v e g e ta t io n  and h a b i ta t  quali ty . The  w o r k  o f  the  
In te rg o v e rn m e n ta l  Panel on Cl imate  Change has a lso m ade  us 
all a w a r e  th a t  C l imate  Change is l ike ly  to be the  m a in  d r iv e r  of 
b io d iv e rs i ty  loss in fu tu re .  The im p a c ts  of C l imate  Change  ca use  
a dd i t io na l  p re s s u re s  on e c o s y s te m s  t h a t  a re  a l re a d y  s t re ssed  
by o v e ruse ,  d e g ra d a t io n ,  f ra g m e n ta t io n  and loss o f  to ta l  area. In 
c o m b in a t io n ,  the se  fa c to rs  re d u c e  n o t  on ly  e c o s y s te m  re s i l ien ce ,  
bu t  a lso h um an  op t io n s  fo r  co p in g  w i th  a c h a n g in g  e n v iron m e n t.
It is e v id e n t  th a t  som e  s p e c ie s  and g e o g ra p h ic  a reas  a re  found  
to be a t  g re a te r  r isk  th a n  o th e rs  and th e re  is re a s on  to  e x p e c t  
m ig ra to r y  a n im a ls  to  be b ad ly  a f fe c ted .  A n im a ls  and th e i r  m ig ra ­
t ion  p a t te rns  a l re a d y  su ffe r ,  and are l ike ly  to do so even m ore  in 
the  fu tu re  f ro m  c h a n g e s  in th e i r  c r i t i c a l  h ab i ta ts  and sh i f ts  in th e i r  
g e o g ra p h ic  co ve ra g e .  R e p la c e m e n t  o f  tu n d ra  by fo r e s t  in the  
A rc t i c ,  h a b i ta t  loss in Europe, d e s e r t i f ic a t io n  in N o r th e rn  A f r ic a ,  
sea leve l r ise  in A s ia  and the  P ac i f ic ,  h u r r ic a n e s  in the  Car ibbean ,  
and r is ing  t e m p e ra tu re s  in p o la r  re g io n s  a re  ju s t a  f e w  of the  m o s t  
p ro b le m a t ic  c h a n g e s  w h ic h  w e  a re  e x p e c t in g  a lready.
M o s t  o f  th e s e  e f fe c ts  c a n n o t  be p re ven ted  o r  re v e rsed  in a s h o r t  
t ime. It is n e c e s s a ry ,  th e re fo re ,  to im p ro ve  the  a b i l i ty  of s p e c ie s  to 
a d a p t  to  the  c h a n g e s  in th e i r  e nv i ro n m e n t.  E cosys te m  re s i l ien ce  
n ee d s  to be e n h a n c e d  and the  c o n n e c t i v i t y  of h ab i ta ts  im p ro ve d  
to a l l o w f o r  n e c e s s a ry  sh i f ts  in ra n ge s  and u n h in d e re d  m ig ra t ion .  
Th is  p ub l ic a t io n  is an aid in ra is ing  a w a re n e s s  by h igh l igh t ing  
s o m e  case  s tud ie s ,  assess ing  im p a c ts  and id en t i fy in g  poss ib le  
s o lu t io n s  and m i t iga t ion  m e a sure s .  It w i l l  g ive d e c is io n  m a ke rs  
and e n v i ro n m e n ta l  e xpe r ts  an e x c e l le n t  o v e r v ie w  o f  the  l inks be ­
tw e e n  C l imate  Change im p a c ts  and m ig ra to r y  spec ies .

S i« —'- i

Achim Steiner 
Executive Director o f UNEP

Our climate is changing and th is  c h a n g e  is a f fe c t in g  w i ld  b irds 
and an im a ls .  D is ru p te d  b re e d in g ,  b a r r ie rs  to m ig ra t io n  and 
in c re a s e d  d is e a s e  t ra n s m is s io n  a re  ju s t  s o m e  o f  the  th re a ts  
m ig ra to r y  s p e c ie s  fa c e  f ro m  C limate  Change. In l ine w i t h  the  
le ad in g  ro le  the  UK has long  ta k e n  in c o n s e rv a t io n  and re s e a rc h ,  
m y  m in is t ry  c o m m is s io n e d  a s tu d y  into the  l inks b e tw e e n  Cl imate  
Change  and the  a b u n d a n c e ,  d is t r ib u t io n  and b e h a v io u r  o f  m ig ra ­
to r y  s p e c ie s .  P ub l ished  in la te  2005, th e  r e p o r t  m a ke s  fo r  s o m e  
a la rm in g  read ing .
Even th e  l im i ted  k n o w le d g e  a v a i la b le  s u g g e s ts  t h a t  p ro je c te d  
c h a n g e s  in c l im a te  d u r ing  the  t w e n t y - f i r s t  ce n tu ry ,  c o u p le d  
w i t h  la n d -u s e  c h a n g e  and the  s p re a d  of a l ien  o r  e x o t ic  s p e c ie s  
w i l l  h in d e r  n o t  o n ly  m ig ra t io n  and s u c c e s s fu l  b re e d in g ,  bu t  w i l l  
a lso l im i t  the  a v a i la b i l i ty  o f  s u i ta b le  h a b i ta ts  fo r  s o m e  s p e c ie s  
and c o u ld ,  u l t im a te ly ,  lead  to  th e i r  e x t in c t io n .  The  re p o r t  po in ts  
o u t  th a t  m ig ra to r y  s p e c ie s  a re  a l re a d y  c h a n g in g  th e i r  behav iou r ,  
so m e  no lo n g e r  m ig ra te  so u th  f ro m  the  UK in the  w in te r ,  and 
o th e rs  a re  a r r iv in g  in th e i r  b re e d in g  a re as  2-3 w e e k s  e a r l ie r  tha n  
30 y e a rs  ago. A s  f o r  the  fu tu re ,  up to 'A of tu r t le  b re ed in g  s i tes  
in th e  C a r ib b ea n  co u ld  be lo s t  w i t h  a p re d ic te d  s e a - le v e l  r ise  of 
Vi m e t re s  and th e  b ir th  ra te  o f  w h a le s  is e x p e c te d  to  fal l  as sea 
te m p e ra tu r e s  rise.
DEFRA is c o m m it te d  to c o n t in u e  a d d re s s in g  the  a d v e rs e  c o n s e ­
q u e n c e s  of C l im a te  Change  w i th  e ven  s t ro n g e r  re s o lv e ,  w o rk in g  
w i t h  o th e r  c o u n t r ie s  and p a r tn e r  o rg a n is a t io n s ,  s u c h  as the  
C o nve n t ion  on M ig r a to r y  S pe c ie s .  W e  be l ieve  t h a t  o n ly  in te r n a ­
t io na l  and c ro s s -s e c to r a l  c o o p e ra t io n  can  p ro v ide  the  s o lu t io n s  
w h ic h  w i l l  a l lo w  m ig ra to r y  s p e c ie s  to  a d a p t  to a c h a n g in g  e n v i ­
ro n m e n t .  I t r u s t  th is  p u b l ic a t io n  w i l l  in c re a s e  a w a r e n e s s  o f  the  
e f fe c ts  o f  a c h a n g in g  c l im a te  on m ig ra to r y  s p e c ie s ,  and t r ig g e r  
p o l ic y  and c o n s e rv a t io n  a c t io n s  to  m i t ig a te  them . DEFRA s tan d s  
re a d y  to  a s s is t  th e s e  e f fo r ts  both  a t  th e  n a t io n a l  and th e  in te r ­
n a t io n a l  level.

Barry Gardiner MP
Parliamentary Under-Secretary, Department 
for Environment Food and Rural Affairs, UK



The impacts of a steadily changing climate, s u c h  as r is ing  g loba l 
a v e ra g e  te m p e ra tu r e s  and in c re a s e s  in f r e q u e n c y  and s e v e r i ty  
of e x t re m e  even ts ,  d ro u g h ts  and f lo od s ,  a re  a l re a d y  a f fe c t in g  
h um an  w e l l - b e in g ,  b io d iv e rs i ty  and e c o s y s te m s ,  e c o n o m ie s  and 
s o c ie t ie s  w o r ld w id e .  The s c ie n t i f i c  e v id e n c e  on C l imate  Change  
and its im p a c ts  is ra p id ly  b e c o m in g  c le a r e r  and m ore  p rec ise .  
A w a r e  o f  th e  s e r io u s n e s s  o f  th is  g lob a l  p ro b le m ,  g o v e rn m e n ts  
a ro un d  th e  w o r ld  are e n g a g e d  in ta c k l in g  th e  c h a l le n g e s  posed 
by C l im a te  Change. In 1992 th e y  a d o p te d  the  Un ited  N a t ion s  
F ra m e w o rk  C o nve n t ion  on C l ima te  C hange, fo l lo w e d  by the  
Kyoto  P ro to c o l  in 1997. W h i le  the  C o nve n t ion  p ro v id e s  a b road  
p la t fo rm  fo r  g o v e rn m e n ts  to  jo in  e f fo r ts  in s t r iv ing  to  s tab i l ize  
c o n c e n t r a t io n s  of g re e n h o u s e  g ase s  in the  a tm o s p h e re  and to 
p re p a re  fo r  the  in e v i ta b le  im p a c ts  o f  C l imate  C hange,  the  Kyoto 
P ro to c o l  se ts  o u t  s p e c i f i c  e m iss io n  r e d u c t io n  c o m m i tm e n ts  fo r  
in d u s t r ia l iz e d  c o u n t r ie s  t h a t  are  P a r ty  to it.
C l ima te  c h a n g e  is a h ig h ly  c o m p le x  p ro b le m ,  c lo s e ly  in te r l in k ed  
w i th  m a n y  e n v i r o n m e n ta l  c h a l le n g e s .  The  im p a c ts  o f  C l imate  
Change  pose  a d d i t io n a l  p re s s u re s  on e c o s y s te m s  and b io d iv e r ­
sity, in p a r t i c u la r  on h ig h ly  v u ln e ra b le  m ig ra to r y  sp ec ie s .  A t  
the  s a m e  t im e ,  the  u n d e r ly in g  c a u s e s  of m a n y  e n v i ro n m e n ta l  
p ro b le m s ,  in c lu d in g  C l imate  Change  and loss of b iod ive rs i ty ,  
and th e  so lu t io n s  to  th e s e  p ro b le m s ,  a re  o f te n  in te r l in k e d  and 
m u tu a l ly  re in fo rc in g .  T h e y  c o n c e rn  th e  p a t te rn s  o f  in du s t r ia l  
a c t iv i t ie s ,  use  o f  ene rg y ,  a g r ic u l tu ra l  p ro d u c t io n ,  and land  use. 
Th is  p u b l ic a t io n  i l lu s t ra te s  the  in te r - l in k a g e s  b e tw e e n  Cl imate  
Change  and m ig ra to r y  s p e c ie s  by p ro v id ing  n u m e ro u s  e x a m p le s  
and ou t l in in g  poss ib le  s o lu t io n s .  I t r u s t  i t  w i l l  he lp  ra ise  a w a r e ­
ness  o f  the  c o n s e q u e n c e s  o f  a c h a n g in g  c l im a te  on th is  u n iq u e  
g ro up  o f  a n im a ls  w h o s e  s u rv iv a l  d e p e n d s  on a la rg e  n u m b e r  of 
d i f fe re n t  h ab i ta ts  and c l im a te  c o n d i t io n s  a ro un d  th e  g lobe.

7 ^

Ivo de Boer
Executive Secretary, UNFCCC

The unique way of life of migratory animals, be it  b irds, m a r in e  or 
te r re s t r ia l  m a m m a ls ,  f ish ,  m a r ine  tu r t les ,  o r  in s ec ts ,  i l lu s t ra tes  l ike 
no o th e r  p h e n o m e n o n  the  c o n n e c t i v i t y  o f  e c o s y s te m s  a c ro s s  the  
g lobe. W h i le  C l imate  Change has v e ry  d i f fe re n t  fa c e s  in d i f fe re n t  
reg ions ,  the se  a n im a ls  need  to a d ju s t  th e i r  m ig ra t io n  pa t te rns  
a c c o r d in g ly  if th e y  are  to  surv ive .  M ig ra to r y  s p e c ie s  are e s p e c ia l ­
ly a t  r isk  due to C l imate  Change b ec a u s e  th e y  re q u ire  s e pa ra te  
b re ed in g ,  w in te r in g ,  and m ig ra t io n  h ab i ta ts  o f  h igh  q u a l i ty  and 
in su i tab le  lo ca t io n s .  Often, one or m o re  of the se  h ab i ta ts  cou ld  
be a t  r isk  b e c a u s e  o f  c h a n g in g  te m p e ra tu re  ra n ge s ,  h y d ro lo g ic a l  
p a t te rns  and h a b i ta t  loss due to in c re a s in g  h um an  pressures .
The C onven t ion  on M ig ra to r y  S p e c ie s  has long been  tak ing  an in­
t e r e s t  in the  im p a c ts  o f  C l imate  Change  on w i ld l i fe .  The S c ie n t i f ic  
C ounc i l  f o rm e d  a w o rk in g  g ro up  in 1997 to  a ssess  the  re le v a n c e  
o f  s tud ie s  c o n d u c te d  by o th e r  bod ies  fo r  the  w o r k  of CMS. S ince  
the n ,  resu l ts  of su c h  a s s e s s m e n ts  s h o w  m o re  and m ore  c le a r ly  
t h a t  C l imate  Change p lace s  y e t  a n o th e r  se ve re  p re s s u re  on m a n y  
sp ec ie s .  Often, d e c re a s in g  p op u la t io n  s izes can  be a t t r ibu ted  to 
h a b i ta t  c o n v e rs io n ,  po l lu t ion ,  m ig ra t io n  b a r r ie rs  or u nsu s ta in a b le  
use. In m a n y  ca s e s ,  sh i f ts  in ra n ge  and h ab i ta ts  are n o t  poss ib le  
due to f ra g m e n te d  la n d s c a p e s ,  v e ry  s p e c i f ic  needs  o r  l im ited  
g en e t ic  v a r ia b i l i t y  c a use d  by sh a rp  p o p u la t io n  d ec l ines .  A lso ,  
c o m p e t i t io n  s y s te m s  are being  a l te red ,  fav o u r in g  fo r  exam p le  
re g ion a l  m ig ra n ts  o ve r  lo n g -d is ta n c e  t ra ve l le rs .  U p s e t  e c o lo g ic a l  
b a la n c e s ,  a long  w i t h  m i ld e r  w in te r s  in m a n y  par ts  of the  w o r ld ,  
in c re a s e  p ro b le m s  w i th  invas ive  a l ien  spec ies .
T hese  c o m p le x  issues  c a n n o t  eas i ly  be a dd re ssed .  W e  u rge  d e c i ­
s ion  m a k e rs  a ro un d  the  w o r ld  th e re fo re  to  s t r ive  to e n h a n c e  e c o ­
sys te m  re s i l ie n c e  and p ro m o te  e c o lo g ic a l  c o n n e c t i v i t y  to a l lo w  
m ig ra t io n ,  g e n e t ic  e x c h a n g e  as w e l l  as ra n ge  sh i f ts  in re a c t io n  
to  c h a n g in g  e n v i ro n m e n ta l  c o nd i t io ns .  The  p ap e rs  in th is  b ro ­
c h u re  id e n t i fy  the  need  fo r  c o o rd in a te d  re s e a rc h ,  m o n i to r in g  and 
c o n s e rv a t io n  th r o u g h o u t  a s p e c ie s '  ra n ge  -  s o m e th in g  fo r  w h ic h  
CM S p ro v ide s  the  idea l f ra m e w o rk .

Robert Hepworth,
Executive Secretary o f the UNEP 
Convention on Migratory Species
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Manuel Guañguata
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Biodiversity and Climate Change are 
intimately linked
B iod iversity is defined as the va riab ility  am ong liv ing  orga­
nism s from  all sources inc lud ing d ive rs ity  w ith in  species, 
between species and o f ecosystem s. There is strong evidence 
tha t b iod ive rs ity  influences the rate, m agnitude, d irection, 
and de livery o f essential ecosystem processes such as po l­
lination, agricu ltu ra l pest and disease contro l, nu trien t con­
servation in soils, and w ater purifica tion.

In a dd i t io n ,  b io d iv e rs i ty  p lays  a d i r e c t  ro le  in c l im a te  re g u la t io n .  
B io d iv e rs i ty  a f fe c ts  the  a b i l i ty  o f  te r re s t r ia l  e c o s y s te m s  to c a p ­
tu re  a tm o s p h e r ic  c a rb o n ,  th e i r  ra tes  o f  é v a p o t ra n s p i ra t io n  and 
te m p e ra tu r e ,a l l  o f w h i c h  a f f e c t c l im a t e  a t l o c a l  and  g loba l  levels.  
B io d iv e rs i ty  a f fe c ts  a tm o s p h e r ic  c a rb o n  s e q u e s t ra t io n  p r im a r i ly  
t h ro u g h  its e f fe c ts  on s p e c ie s '  c h a r a c te r is t ic s ,  w h ic h  d e te rm in e  
h o w  m u c h  c a rb o n  is ta k e n  up f ro m  th e  a tm o s p h e re ,  h o w  m u c h  
w i l l  be re ta in e d  o r  f ix e d ,  and h o w  m u c h  of th is  c a rb o n  w i l l  be 
re le a s e d  b a c k  in to  the  a tm o s p h e re  o v e r  t ime. The  a p p ro p r ia te  
c h o ic e  o f  s p e c ie s  is p o te n t ia l ly  c r i t i c a l  fo r  m a x im iz ing  c a rb o n  s e ­
q u e s t ra t io n  in the  des ig n  and im p le m e n ta t io n  o f  C l im a te  Change 
m i t ig a t io n  ac t iv i t ies .
T he  loss of b io d iv e rs i ty  as a re s u l t  of the  c le a r in g  and bu rn ing  
o f  v e g e ta t io n  a lso  c o n t r ib u te s  to  g loba l  w a rm in g  th ro u g h  the  re ­
le ase  o f  g re e n h o u s e  g ase s  to the  a tm o s p h e re .  F u r th e rm o re ,  as 
b io d iv e rs i ty  is d e g ra d e d  o r  lo s t  th ro u g h  h u m a n  a c t iv i t ie s ,  op t io n s  
f o r c o p in g  w i t h  g lob a l  C l imate  Change  m a y  be d im in is h e d .  T here  
is e v id e n c e  th a t  re d u c t io n s  in b io d iv e rs i ty  l im i t  e c o s y s te m  re s i ­
l ie n ce ,  o r  its a b i l i ty  to r e c o v e r  to  its o r ig in a l  s ta te  a f te r  n a tu ra l  or 
h u m a n - in d u c e d  d is tu rb a n c e s .
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Sandstorm in the desert, ©  Kevin Lane/UNEP/Still Pictures

Current and Expected Impacts 
of Climate Change on Biodiversity
In its th i rd  a s s e s s m e n t  re p o r t ,  the  I n te rg o v e rn m e n ta l  Panel on 
C l ima te  Change  (IPCC) d e te rm in e d  t h a t  the  g loba l  m e a n  s u r fa c e  
te m p e ra tu r e  has  in c re a s e d  by 0.6 d e g re e s  Ce ls ius o ve r  the  la s t  
c e n tu ry ,  and  t h a t  the  d e c a d e  o f  the  1990s w a s  the  w a r m e s t  on 
re c o rd  so far. P re c ip i ta t io n  p a t te rn s  a lso c h a n g e d  s p a t ia l l y  and 
te m p o ra l ly ,  and  g loba l  sea  level has  r isen  0.1-0.2 m. It is f o r e ­
ca s te d  tha t ,  by th e  end of th e  c e n tu ry ,  C l imate  Change  and its 
im p a c ts  m a y  be the  d o m in a n t  d i r e c t  d r iv e r  o f  b io d iv e rs i ty  loss 
and c h a n g e s  in e c o s y s te m  s e rv ic e s  a t t h e  g loba l  level.  The  s c e ­
n a r ios  d e ve lo p e d  by th e  IPCC p ro je c t  a fu r th e r  in c re a s e  in g loba l  
m e a n  s u r fa c e  te m p e ra tu r e  of tw o  to s ix  d e g re e s  Ce ls ius a bove  
p re - in d u s t r ia l  leve ls  by 2100, in c re a s e d  in c id e n c e  o f  f lo o d s  and 
d ro u g h ts ,  and  fu r th e r  r ises  in sea  level o f  s e v e ra l  c e n t im e t re s .



All o f  th e s e  c h a n g e s  are a l re a d y  hav ing  s ig n i f i c a n t  im p a c ts  on 
b io d iv e rs i ty  and e c o s y s te m s ,  in c lu d in g  c h a n g e s  in s p e c ie s  d is ­
t r ib u t io n ,  p o p u la t io n  s izes, the  t im ing  o f  re p ro d u c t io n  or m ig ra ­
t ion  e ven ts ,  and  in c re a s e s  in the  f r e q u e n c y  o f  p e s t  and d isea se  
o u tb re ak s .  On a v e ra g e ,  the  s p a t ia l  d is t r ib u t io n s  of a su b s ta n t ia l  
s e t  o f  s tu d ie d  s p e c ie s  o v e r  d i f fe re n t  taxa  has sh i f te d  6.1 km per  
d e c a d e  t o w a r d s  the  po les  or 1 m in e le va t io n  p e r  d e c a d e .  Spr ing  
even ts  s u c h  as f lo w e r in g  and le a f  f lu sh in g  a re  o c c u r r in g  on a v e ­
rage  2.3 days  e a r l ie r  per  d e c a d e  th u s  a f fe c t in g  th e  se a so n a l  
m o v e m e n t  o f  sp ec ie s .  U n ique  and h ig h ly  p ro d u c t iv e  e c o s y s te m s  
s u c h  as c o ra l  re e fs  have  u n d e rg o n e  major,  a l th o u g h  s o m e t im e s  
p a r t ia l l y  re v e rs ib le ,  b le a c h in g  e p is o d e s  c a u s e d  w h e r e  loca l  sea 
s u r fa c e  t e m p e ra tu r e s  have  in c re a s e d  a bo ve  the  a v e ra g e  fo r  the  
w a r m e s t  m on ths .
G loba l C l imate  Change  has been  d i r e c t ly  b lam ed  fo r  the  e x t i n c ­
t ion  o f  a t  le a s t  one  e n d e m ic  v e r te b ra te  s p e c ie s ,  th e  g o ld e n  toa d ,  
f ro m  the  c lo u d  fo re s ts  o f  Costa Rica. It is p ro je c te d  th a t  by 2050, 
C l ima te  Change  w i l l  c a u s e  the  e x t in c t io n  o f  a s u b s ta n t ia l  n u m b e r  
of th e  s u b s e t  o f  1000 e n d e m ic  s p e c ie s  c u r re n t ly  be ing  a na lyse d  
g loba l ly .  C l imate  c h a n g e  is p ro je c te d  to  h i t  h a rd e s t  th o s e  s p e ­
c ies  w i t h  in t r in s ic a l ly  l o w  p o p u la t io n  n u m b e rs ,  th o s e  in h a b i t in g  
re s t r ic te d  o r  p a tc h y  a re as ,  and th o s e  c i r c u m s c r ib e d  to  l im i ted  
c l im a t ic  ra n ge s ,  s u c h  as c o ra l  re e fs ,  m a n g ro v e  fo re s ts ,  c loud  
fo re s ts ,  in land  w a t e r  e c o s y s te m s ,  and e c o s y s te m s  ove r ly in g  
p e rm a fro s t .  P ro je c te d  c h a n g e s  in c l im a te  a re  v e ry  l ike ly  to  be 
w i t h o u t  p r e c e d e n t  d u r ing  a t  le a s t  th e  la s t  10,000 y e a rs  and w i l l  
a f f e c t  b io d iv e rs i ty  both  d i re c t ly  th ro u g h  c h a n g e s  in t e m p e ra tu r e  
and p re c ip i ta t io n ,  and in d i re c t l y  t h ro u g h  c h a n g e s  in the  f r e q u e n ­
cy  o f  d is tu rb a n c e s  s u c h  as f i re s ,  h u r r ic a n e s ,  and s to rm s .
In a dd i t io n  to  c h a n g e s  in the  g lob a l  c l im a te ,  h u m a n  a c t iv i t ie s  are  
e xe r t ing  a d d i t io n a l  p re s s u re  on b io d iv e rs i ty  and are e x p e c te d  to 
e x a c e rb a te  c l im a te -m e d ia te d  b iod iv e rs i ty  loss th ro u g h  land use 
c h a n g e ,  soi l  and  w a t e r  po l lu t io n ,  d iv e rs io n  of w a t e r  to  m a n a g e d  
e c o s y s te m s  and u rb an  sy s te m s ,  h a b i t a t f r a g m e n ta t i o n ,  s e le c t iv e  
e xp lo i ta t io n  o f  s p e c ie s ,  and the  s p re a d  o f  invas ive  a l ien  sp ec ie s .  
T hese  p re s s u re s ,  w h ic h  u s u a l ly  a c t  in a c o n c e r te d  m anne r,  w i l l  
a lso l im i t  the  c a p a c i t y  o f  s p e c ie s  to m ig ra te ,a n d  o f  en t i re  e c o s y s ­
te m s  to  s h i f t  in e x te n t  in re s p o n s e  to c h a n g e s  in te m p e ra tu re .

Burning forest, Thailand. Flock o f egrets flying past burning 
trees, ©  D.Juntawonsup/UNEP/Stlll Picture

Biodiversity Considerations in 
Mitigation and Adaptation Activities
T h e re  a re  s ig n i f i c a n t  o p p o r tu n i t ie s  fo r  both  m i t ig a t in g  and a d a p t ­
ing to  C l imate  Change  w h i le  e n h a n c in g  the  c o n s e rv a t io n  and s u s ­
ta in a b le  use  o f  b iod ive rs i ty .  Ca rbon  m i t ig a t io n  and a d a p ta t io n  
o p t io n s  t h a t  ta ke  in to  a c c o u n t  e n v i r o n m e n ta l ,  s o c ia l ,  and e c o ­
n o m ic  c o n s id e ra t io n s  o f fe r  th e  g re a te s t  p o te n t ia l  f o r  s y n e rg is t ic  
im pa c ts .  Fores ts ,  a g r ic u l tu ra l  lands ,  and o th e r  te r re s t r ia l  e c o ­
s y s te m s  o f fe r  s ig n i f i c a n t  m i t ig a t io n  p o te n t ia l  th ro u g h  a f fo re s t ­
a t ion  and re fo re s ta t io n ,  as w e l l  as th ro u g h  a g r ic u l tu re ,  g raz ing  
land ,  and fo r e s t  m a n a g e m e n t .  Yet, s in c e  m i t ig a t io n  a c t iv i t ie s  
re p re s e n t  lo n g - te rm  e n d e a v o u rs ,  re d u c in g  o th e r  p re s s u re s  on 
b iod iv e rs i ty ,  s u c h  as h a b i ta t  c o n v e rs io n ,  o v e rh a rv e s t in g ,  and 
in t ro d u c t io n  o f  invas ive  a l ien  s p e c ie s ,  c o n s t i tu te s  im p o r ta n t  a d ­
a p ta t io n  m e a su re s .  O the r  m e a s u re s  in c lu d e  p ro te c t io n ,  r e s to r a ­
t io n ,  and m a in te n a n c e  o f  e c o s y s te m  s t ru c tu re  and fu n c t io n  in 
o rd e r  to  m a x im ize  lo c a l  s p e c ie s  d iv e rs i ty  and e n h a n c e  e c o s y s ­
te m  re s i l ien c e .
In p a r t ic u la r ,  m i t ig a t io n  of C l imate  Change  th ro u g h  a f fo re s ta t io n  
and re fo re s ta t io n  a c t iv i t ie s ,  w h e r e  a p p ro p r ia te  m a n a g e m e n t  
and a d e q u a te  s i te  s e le c t io n  and d e s ig n  c r i te r ia  are  in p lace ,  
ca n  e n h a n c e  the  c o n s e rv a t io n  and use o f  b iod ive rs i ty .  The 
va lu e  o f  a p lan ted  fo r e s t  to  b iod ive rs i ty ,  h o w e ve r ,  w i l l  dep e nd  to 
a la rge  d eg re e  on w h a t  w a s  p re v io u s ly  on the  s i te  and a lso on 
the  la n d s c a p e  c o n te x t  in w h ic h  it  o c c u rs .  A s  a c o n c re te  exam -
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pie, a r e fo re s ta t io n  a n d /o r  a f fo re s ta t io n  a c t i v i t y  t h a t  in c lu d e s  
p lan t in g  a v a r ie ty  of na t ive  t re e  s p e c ie s  o r  m ix tu re s  o f  s ing le  
s p e c ie s  s ta n d s ,  r a th e r  th a n  a v a s t  m o n o c u l tu re  is h ig h ly  l ike ly, 
w h i le  f ix in g  a tm o s p h e r ic  c a rb o n ,  to a lso  (i) re d u c e  th e  p ro b a b i l i ­
t y  o f  p e s t  in c id e n c e ;  (ii) re s to re  ke y  w a te r s h e d  fu n c t io n s ;  and (iii) 
p ro m o te  e c o lo g ic a l  c o n n e c t i v i t y  b e tw e e n  fo r e s t  f r a g m e n ts  and 
a l lo w  m ig ra t io n  a c ro s s  a l t i tu d in a l  g ra d ie n ts .

Challenges and the 2010 Biodiversity 
Target
A l th o u g h  p a s t  c h a n g e s  in the  g loba l  c l im a te  re s u l te d  in e x te n ­
s ive  s p e c ie s  m ig ra t io n  and e c o s y s te m  re o rg a n iz a t io n ,  the se  
c h a n g e s  o c c u r re d  in la n d s c a p e s  t h a t  w e r e  n o t  as f ra g m e n te d  
n o r  as d e g ra d e d  as th o s e  fo u n d  today.  T h e re fo re ,  th e  a da p t iv e  
c a p a c i t y  of s p e c ie s  and e c o s y s te m s  in th e  fa c e  o f  c o n te m p o r a ry  
C l imate  Change  m a y  be m o re  l im i ted ,  and u n d e rs c o r e s  th e  need 
f o r  m a n a g in g  ex is t ing  p ro te c te d  a re as  o r  o th e r  h ab i ta ts  o f  h igh  
b io lo g ic a l  im p o r ta n c e  in a d y n a m ic  w ay .
T he  need  to  p ro m o te  both  e c o lo g ic a l  c o n n e c t i v i t y  and in te g ra t ­
ed land  and w a t e r  m a n a g e m e n t  o u ts id e  p ro te c te d  a re as ,  w h i le  
r e d u c in g  p re s e n t  th re a ts  to  b iod ive rs i ty ,  sh ou ld  be e x p l ic i t ly  
ta k e n  in to  a c c o u n t  w h e n  m a n a g in g  fo r  b io d iv e rs i ty  in th e  fa c e  
o f  C l imate  Change.  In in te n s iv e ly  m a n a g e d  e c o s y s te m s  s u c h  
as fa rm la n d s ,  b io p h ys ic a l  a d a p ta t io n s  to  C l ima te  Change  can 
be re la t iv e ly  s t r a ig h t fo r w a rd ,  s u c h  as s w i t c h in g  p la n t  v a r ie t ies .  
In less in te n s iv e ly  m a n a g e d  e c o s y s te m s ,  d e c is io n s  w i l l  have  to 
be m a d e  as to w h e t h e r  to  m in im ize  or f a c i l i t a te  th e i r  c h a n g e  in 
o rd e r  to  m a in ta in  the  s u p p ly  o f  e c o s y s te m  s e rv ic e s  —  in o th e r  
w o rd s ,  p lan n in g  fo r  a d a p ta t io n .  In p a r t ic u la r ,  la nd s  s e t  as ide  fo r  
c o n s e rv a t io n  pose s p e c ia l  c h a l le n g e s .  The m a n a g e m e n t  o f  b io ­
d iv e rs i ty  o u ts id e  re s e rv e s  w i l l  need  an " o f f  r e s e rv e "  a p p ro a c h  
to  e ns u re  s p e c ie s  d is p e rs a l  a c ro s s  a h a b i ta t  m a t r ix  t h a t  m a y  no t  
a lw a y s  be fa v o u ra b le  and t h a t  m a y  c ro s s  p o l i t i c a l  b ou n da r ie s .
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To th is  end, an im p o r ta n t  d e te rm in a n t  of s u c c e s s  fo r  m a n a g in g  
b io d iv e rs i ty  in the  f a c e  o f  C l imate  Change  is t h a t  m a n a g e rs  have 
a v a i lab le  in a t im e ly  fa s h io n  in fo rm a t io n  a b o u t  l ike ly  t re n d s  in 
c l im a te ,  and a d e e p e r  u n d e rs ta n d in g  o f  s p e c ie s  a d a p ta t io n s  to 
the  p re s e n t  c l im a te .  L ik e w is e ,  the  d e v e lo p m e n t  o f  m o d e ls  of 
p la n t  and a n im a l  m ig ra t io n  t h a t  ta k e  in to  a c c o u n t  c u r r e n t  p a t ­
te rn s  o f  land  c o v e r / la n d  use  ty p e  m a y  be e s s en t ia l  fo r  p re d ic t in g  
p a th w a y s  o f  c l im a te - in d u c e d  s p e c ie s  d is p e rs a l  a c ro s s  h a b i ta ts  
f r a g m e n te d  a n d /o r  d e g ra d e d  by h u m a n  ac t ion s .
S in ce  b io d iv e rs i ty  is e s s en t ia l  to  h u m a n  w e l l - b e in g  and s u rv iv ­
al, by re g u la t in g  c l im a te  and m a in ta in in g  e c o s y s te m  re s i l ie n c e ,  
am o ng  o th e r  s e rv ic e s ,  its loss  has to  be c o n t ro l le d  in the  long 
te rm .  In 2002, the  C o n fe re n c e  of th e  P ar t ies  to th e  C o nve n t ion  
on B io lo g ic a l  D iv e rs i ty  a d o p te d  th e  t a r g e t  " t o  a c h ie v e  by 2010 
a s ig n i f i c a n t  r e d u c t io n  o f  th e  c u r r e n t  ra te  o f  b io d iv e rs i ty  loss  a t  
the  g loba l ,  re g io n a l ,  and n a t io n a l  level as a c o n t r ib u t io n  to  p o v e r ­
ty  a l le v ia t io n  and to  the  b e n e f i t  o f  all l i fe on E a r th "  and, in 2004 
a d o p te d  a f r a m e w o r k  t h a t  in c lu d e s  a n u m b e r  o f  g loba l  s u b ­
ta rg e ts  and a s e t  o f  a s s o c ia te d  in d ic a to rs  a im ed  a t  a ssess in g  
p ro g re s s  in a c h ie v in g  th is  2010 ta rge t .

S p e c i f ic a l ly ,  one  g lob a l  s u b - ta rg e t ,  to  " m a in ta in  and e n h a n c e  
re s i l ie n c e  o f  th e  c o m p o n e n ts  o f  b io d iv e rs i ty  to  a d a p t  to C l imate  
C h a n g e " ,  re s p o n d s  to  th e  f a c t  t h a t  e ven  if all a n th ro p o g e n ic  
g re e n h o u s e  gas e m is s io n s  w o u ld  be s to p p e d  tod a y ,  th e  e f fe c ts  
o f  g loba l C l im a te  Change  w o u ld  be e x p e c te d  to c o n t in u e  f o r  d e c ­
ades. M a n y  of th e  n e c e s s a ry  a c t io n s  to a c h ie v e  the  2010 t a r g e t  
and th is  p a r t i c u la r  g lob a l  s u b - ta rg e t  are  in c o rp o ra te d  in to  the  
p ro g ra m m e s  o f  w o r k  o f  the  C onven t ion .  S p e c i f ic a l ly ,  th is  s u b ­
t a r g e t  can  be a c h ie v e d  if a re a s  o f  h igh  im p o r ta n c e  fo r  b io d iv e r ­
s i ty  and fu n c t io n in g  e c o lo g ic a l  n e tw o rk s  a re  m a in ta in e d  w i th in  
p ro te c te d  a re a s  or by o th e r  c o n s e rv a t io n  m e c h a n is m s ,  and if 
p ro a c t iv e  m e a s u re s  a re  ta k e n  both  to p ro te c t  e n d a n g e re d  s p e ­
c ie s  and fa c i l i t a te  th e i r  m o v e m e n t .  The ra te  o f  c l im a te - in d u c e d  
b io d iv e rs i ty  loss  o f  t a rg e te d  h ab i ta ts  and s p e c ie s  co u ld  th e n  be 
re d u c e d .

Presented a t the Roundtable on Climate Change and Migratory 
Species, Nairobi, 19 November 2005
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Introduction
Clim ate Change is a phenom enon w hich cu rren tly  can be 
recognized by m any ind ica tors in Germany. The im pacts 
o f C lim ate Change affect no t on ly  species and ecosystem s 
but also the  econom y and the people o f Germany. Nature 
conservation is faced w ith  new  challenges and though ts  on 
appropria te  strategies and measures to  cope w ith  the m ost 
like ly  deve lopm ents are essential.
The fo llo w in g  te x t deals w ith  the status and perspectives o f 
German nature conservation under C lim ate Change, taking 
the coun try  as an exam ple fo r Central Europe.

Characters and Impacts of Climate 
Change in Germany
In G e rm a n y  w e a t h e r  c o n d i t io n s  h ave  been  m o n i to re d  th r o u g h ­
o u t  the  c o u n t r y  fo r  m o re  th a n  a cen tu ry .  Data in d ic a te s  t h a t  the  
m e a n  te m p e ra tu r e s  a re  in c re a s in g  c o n t in u o u s ly  ( L e u s c h n e r  &  

S c h i p k a  2004). S in ce  1870 the  a n n u a l  m e a n  t e m p e ra tu r e s  have 
been  re c o rd e d  in K a r ls ru h e  in s o u t h w e s t  G erm any .  Dur ing  th is  
p e r iod  i t  has been  s h o w n  t h a t  the  m e a n  a nn u a l  te m p e ra tu re s  
f lu c tu a te d  bu t  w i th  a r is ing  t re nd .  The  lo w e s t  m e a n  te m p e ra tu re  
w a s  8.2°C in 1876, and the  h ig h e s t  in 1994 and 2000 a t  12.2°C.
T he  p a t te rn  o f  the  s e a s o n a l  w e a t h e r  c o n d i t io n s  is m ore  ex trem e .  
R e c e n t ly  n o t  o n ly  h o t  s u m m e rs  and f r o s ty  w in t e r  p e r io d s  o c c u r ­
red m o re  f re q u e n t ly ,  b u t  a lso in te n se  s to rm s  and h e a v y  ra in fa l l  
w e r e  o bs e rve d .  The  R iver Elbe in S a x o n y  f lo o d e d  in 2002, w h e n  
th e  h is to r ic  c i ty  c e n t re  o f  D re sd e n  w a s  d a m a g e d  by th e  run  o ff  of 
w a t e r  in to  the  r iv e r  f ro m  th e  m o u n ta in s  o f  S a x o n y  and the  n o r th ­
e rn  Czech R epub l ic .

European Bee-Eater (Merops apiaster), ©  NABU/Pollin

R e spo n d ing  to c h a n g e s  in the  s e a s o n s '  t im ing  and m e a n  t e m p e ­
ra tu re s ,  p lan ts  and a n im a ls  h ave  c h a n g e d  th e i r  s p e c i f i c  p h e n o ­
log ies  ( M e n z e l  &  F a b i a n  2001). In s p r in g t im e  m a n y  p la n t  s p e c ie s  
f l o w e r  e a r l ie r  th a n  th e y  did a c e n tu r y  ago. In m ig ra to r y  b irds ,  
w h ic h  b reed  in G e rm a n y  and s ta y  in s o u th e rn  E urope  o r  A f r ic a  
d u r ing  the  w in te r ,  im p a c ts  o f  C l im a te  Change  can  c le a r ly  be 
o bs e rv e d .  M ig ra n ts  t ra v e l l in g  o v e r  s h o r t  o r  m e d iu m  d is ta n c e s  
a r r ive  e a r l ie r  and s ta y  lo n g e r  in t h e i r  b re ed in g  a reas .  S uc h  s p e ­
c ie s  m a y  b e n e f i t  f r o m  a h ig h e r  ra te  o f  re p ro d u c t io n  f ro m  ear ly  
o c c u p a t io n  o f  b re e d in g  s i tes ,  c o n s e c u t i v e  b ro od s  o r  o th e r  e f ­
f e c ts  ( D u n n  2004, H ü p p o p  &  H ü p p o p  2005). H o w e v e r ,  long  d is ta n c e  
m ig ra n ts  c ro s s in g  th e  S ah a ra  d e s e r t  a re  less  a d a p ta b le  and o f ­
ten  keep  th e i r  t r a d i t io n a l  t im in g  o f  sp r in g  a r r iv a ls  and a u tu m n  
d e p a r tu re s  in G e rm a n y  ( L e h i k o i n e n  e t  al. 2004).
H ig h e r  m e a n  te m p e ra tu r e s  s u p p o r t  the  e x te n s io n  o f  th e  d is t r ib u ­
t ion  ra n g e s  o f  s p e c ie s  o c c u r r in g  in the  so u th  o f  G erm any .  Som e 
M e d i te r r a n e a n  s p e c ie s  in d ic a te  th is  c lea r ly :  The  P ray ing  M a n t i s  
(Mantis religiosa), f o r m e r ly  re s t r ic te d  to th e  s o u th e r n m o s t  va l-



ley  of th e  R iver Rhine is s p re a d in g  n o r th w a rd ;  E u rop e an  B ee- 
Eaters  (Merops apiaster), w h ic h  w e r e  in f re q u e n t  in G e rm a n y  are 
n o w  re g u la r  b re e d e rs  in m a n y  re g io n s  o f  the  c o u n t ry ;  and  Kuhl's 
P ip is t re l le  B a t  (Pipistrellus kuhlii) has  been  o b s e rv e d  n o r th  o f  the  
A lp s  fo r  a c o u p le  o f  years .
The o p p o s i te  e f f e c t  a lso  o c c u r s  f ro m  C l imate  Change  im pa c ts :  
S p e c ie s  lose th e i r  c e n t ra l  E u rop e an  h ab i ta ts  and m ove  th e i r  
ra n ge  n o r th w a rd s ,  as d o c u m e n te d  in th e  Ruft (Philomachuspug­
nax) ( Z ö c k l e r  2 0 0 2 ) .

W a r m e r  c o n d i t io n s  n o t  o n ly  open  the  w a y  fo r  n o r th w a rd  e x te n ­
s ion  o f  n a tu ra l  ra n g e s  bu t  the  su rv iva l  of in t ro d u c e d  s p e c ie s  is 
a lso h igher.  So Cl imate  Change is c o n n e c te d  w i t h  in c re a s in g  p ro ­
b lem s o f  invas ive  a l ien  s p e c ie s  in ce n t ra l  Europe. A  p ro m in e n t  
e x am p le  is the  P ac i f ic  o y s te r  (Crassostrea gigas), in t ro d u c e d  to 
the  N o r th  Sea in 1964 fo r  e c o n o m ic  reasons .  Th is  s p e c ie s  needs 
a c e r ta in  w a t e r  te m p e ra tu re  fo r  re p ro d u c t io n  and fo r  th is  re ason  
w a s  u na b le  to  leave  a q u a c u l tu re .  H o w e ve r ,  as w a t e r  t e m p e ra ­
tu re s  c h a n g e d ,  P ac i f ic  o ys te rs  have  re p ro d u c e d  in the  N o r th  Sea 
s in ce  1990 and are c u r re n t ly  d is p la c in g  na t ive  o y s te r  s p e c ie s  in 
the  W a d d e n  Sea ( N e h r i n g  1999; N e h r i n g  &  K l i n g e n s t e i n  2005).

Future Expectations and Predictions
A s  the  e c o lo g ic a l  p ro c e s s e s  c o n n e c te d  to C l imate  Change  c o n t i ­
nue , one ca n  p r e d i c t t h a t v e g e t a t i o n  c o m p o s i t io n  in G e rm a n y  w i l l  
be a l te re d ,  too. P lan ts  t y p i c a l l y  g ro w in g  u n d e r  A t la n t ic  c l im a te  
c o n d i t io n s  w i t h  m ild  w in t e r s  w i l l  e xpa n d  th e i r  ra n ge  e a s tw a rd s  
as the  c o n t in e n ta l  c l im a te  in f lu e n c e  w e a k e n s .  Th is  m a y  e s p e ­
c ia l ly  be the  ca s e  fo r  m a n y  w in t e r  g re en  s p e c ie s  l ike th e  English 
h o l ly  (Ilex aquifolium) w h ic h  co u ld  d ou b le  its ra n ge  by th e  y e a r  
2050, th u s  c h a n g in g  s ig n i f i c a n t ly  the  u n d e rs to re y  v e g e ta t io n  of 
b e e c h  fo re s ts  in e a s te rn  G e rm a n y  ( W a l t h e r  e t  a l . 2005a).
W i th  c h a n g e s  in the  v e g e ta t io n  c o m p o s i t io n  o f  h ab i ta ts  the  a lt i-  
t u d in a l  zon ing  o f  p la n t  and a n im a l  s p e c ie s  w i l l  be a l te red .  A r c -  
t ic -a lp in e  s p e c ia l i s ts  on m o u n ta in to p s  w i l l  f a c e  c o m p e t i t io n  w i th  
o th e r  s p e c ie s  w h ic h  did n o t  p re v io u s ly  g r o w  in h ig h e r  a l t i tudes .  
Th is  d e v e lo p m e n t  can  a l re a d y  be o b s e rv e d  on m o u n ta in to p s  of 
the  A lp s  ( W a l t h e r  et  a l . 2005b). A s  one  re s u l t  m o u n ta in  s p e c ia l i s t  
s p e c ie s  m a y  b e c o m e  th re a te n e d  o r  even  b e c o m e  ex t inc t .  A s  a 
se c o n d  r e s u l t c h a r a c t e r i s t i c  v e g e ta t io n  ty p e s  and zones,  as th e y  
w e r e  k n o w n  b io lo g ic a l ly  and g e o g ra p h ic a l ly ,  m a y  van ish .

Kuhl's Pipistrelle Bat (Pipistrellus kuhlii), 
© Markus Nolf, http://markus.nolf.org

I t  can  a lso  be e x p e c te d  t h a t  the  a l te ra t io n  o f  f lo ra  and fa u n a  w i l l  
c o n t in u e  as s p e c ie s  f ro m  re g io n s  w i t h  a n o th e r  c l im a te  b e c o m e  
s u c c e s s fu l  in v a d e rs  in G erm any .  A  s p e c ia l  p ro b le m  fo r  n a tu re  
c o n s e rv a t io n  w i l l  c o m e  f ro m  an in c re a s in g  ra te  o f  a l ien  s p e c ie s  
be ing  in t ro d u c e d  u n in te n t io n a l l y  t h ro u g h  t ra d e  and tou r ism .
M ig ra to r y  s p e c ie s  w i l l  be h e a v i ly  a f fe c te d  by fu tu re  c l im a te  d e ­
v e lo p m e n ts .  The c o n s e rv a t io n  o f  th e s e  s p e c ie s  w i l l  have  m u lt ip le  
p ro b le m s  as a re s u l t  o f  c h a n g e s  in h a b i ta ts  used f o r  b re ed in g ,  
s top  o ve r  res ts  o r  w in te r in g  of m ig ra n ts ,  c h a n g e s  in the  c o m p e  
t i t ive  s y s te m s  a m o n g  s p e c ie s ,  e.g. p re d a to rs  and th e i r  prey, and 
a d a p t iv e  c h a n g e s  of the  m ig ra t io n  ro u te s  used by the  a n im a ls  
( B a i r l e i n  &  H ü p p o p  2004). Th e s e  c o n s e rv a t io n  p ro b le m s  w i l l  be 
a dd e d  to th o s e  a l re a d y  e n c o u n te re d  by m ig ra to r y  s p e c ie s ,  e.g. 
p o p u la t io n  d e c re a s e ,  h a b i t a t f r a g m e n t a t i o n  and p oo r  m o n i to r in g  
data.
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Challenges for Nature Conservation
M o re  re s e a rc h  and m o n i to r in g  o f  C l ima te  Change  im p a c ts  on 
p la n t  and a n im a l s p e c ie s  is essen t ia l .  B ird  r ing in g  has  p roved  
to  be the  m o s t  im p o r ta n t  m e th o d  in o b s e rv in g  o n g o ing  d e v e ­
lo p m e n ts  and a d a p ta t io n s  a m o ng  m ig ra to r y  s p e c ie s .  For th is  
r e a s o n  the  d is t r ib u t io n  and o c c u r r e n c e  o f  p o p u la t io n s  sh ou ld  be 
s u rv e y e d  and the  m ig ra to r y  and re p ro d u c t iv e  b e h a v io u r  o f  in d i ­
v id u a ls  has  to be o b s e rv e d  and re c o rd e d .
For th e  im p le m e n ta t io n  o f  a p p ro p r ia te  c o n s e rv a t io n  m e a s u re s  it 
is im p o r ta n t  to  d ev e lo p  re g io n a l  s c e n a r io s  fo r  the  c o m in g  c e n t u ­
r ies. S uc h  s c e n a r io s  sh o u ld  be based  on tod a y 's  k n o w le d g e  of 
th e  e c o lo g y  and h a b i ta t  p re fe re n c e  o f  s p e c ie s  as w e l l  as g e n e ­
ral c l im a te  and c i r c u la t io n  m o d e ls .  T h e y  m a y  be used to a ssess  
th e  v u ln e ra b i l i t y  o f  s p e c ie s  and e c o s y s te m s  to  C l imate  Change 
w i th  a w a r e n e s s  o f  t h e i r  l im i ta t io n s  ( G o o d e s s  &  P a l u t i k o f  1992). 
Th e re  a re  good  e x a m p le s  fo r  re g io n a l  s c e n a r io s  a v a i lab le ,  e.g. 
fo r  w a d e rs ,  g ee se  and p o la r  b ea rs  in th e  A r c t i c ,  c e ta c e a n s  in 
S c o t t is h  w a te r s ,  and m a r in e  tu r t le s  in the  C a r ib b ea n  Sea ( F i s h  

e t  a l . 2005, L i n d s t r ö m  &  A g r e l l  1999, M a c L e o d  e t  al. 2005, Z ö c k l e r  &  

L y s e n k o  2000).
S p e c ie s  C o nse rva t io n  sh ou ld  fo c u s  on th e  p ro te c t io n  o f  v i ta l  
p o p u la t io n s ,  c o n s is t in g  o f  m a n y  in d iv id u a ls  and s h o w in g  s u c ­
c e s s fu l  re p ro d u c t io n .  A n o t h e r  p ro b le m  is e s ta b l is h in g  la rge  
e n o u g h  a re as  u n d e r  c o n s e rv a t io n  m a n a g e m e n t in  o r d e r t o  a l lo w  
v ia b le  p o p u la t io n s  o f  the  d i f fe re n t  a n im a l s p e c ie s .  In G erm any ,  
s u c h  a re as  w i t h  s u i ta b le  h ab i ta ts  a re  f e w  as the  d e v e lo p m e n t  
o f  s e t t le m e n ts ,  in d u s t r ie s  and t ra f f i c  l ines  c a u s e d  in ten s ive  
f r a g m e n ta t io n  o f  h ab i ta ts  and la n d s c a p e  ( B u n d e s a m t  f ü r  N a t u r ­

s c h u t z  2004). A s  in s u f f ic ie n t  c o n n e c t i v i t y  o f  h ab i ta ts  can  l im i t  the  
m o v e m e n t  and m ig ra t io n  in m a n y  s p e c ie s ,  th e s e  la rg e -s c a le  
la n d s c a p e  d e v e lo p m e n ts  h in d e r  ra n ge  sh i f ts  as an a d a p ta t io n  
to  C l imate  Change.
To c o n s e rv e  m ig ra t io n  ro u te s  o f  a n im a ls  it  is im p o r ta n t  to p ro te c t  
and im p ro v e  the  c o n n e c t i v i t y  o f  hab i ta ts .  On a sm a ll  s c a le  th e re  
a re  m a n y  poss ib le  m e a s u re s  to  e n a b le  an im a l m o v e m e n t  a c ro s s  
h u m a n  s t r u c tu re s  l ike ro a ds ,  ra i lw a y s  and ca na ls .  F lowever ,  on 
a la rg e  s c a le  i t  is v e ry  d i f f i c u l t  to  save  a n e t w o r k  o f  c o n n e c te d  
h ab i ta ts  in Europe. T he  N a tu ra  2000 n e t w o r k  o f  the  E uropean  
C om m un ity ,  the  E m era ld  N e t w o r k  of the  Counc i l  o f  Europe  and
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the  Pan E uropean  B io lo g ic a l  and L an d s c a p e  D ive rs i ty  S t ra te g y  
are a m b i t io u s  p ro g ra m m e s  fo r  h a b i ta t  c o n s e rv a t io n ,  b u t  w i th  
l im i ted  o p t io n s  in h a b i ta t  c o n n e c t i v i t y  ( S s y m a n k  e t  a l . 1998, v a n  

O p s t a l  2000). M o re  s u c c e s s fu l  i s t h e  idea  o f  The G reen  B e l t ,  w h ic h  
m e a ns  th e  c o n v e rs io n  o f  the  f o r m e r  b o rd e r l in e s  b e tw e e n  NATO 
and c o m m u n is t  c o u n t r ie s  in to  a b e l t  o f  hab i ta ts .  Las t  ce n tu ry 's  
"s t r ip  o f  d e a th "  sha l l  b e c o m e  a " l i fe  l in e "  a c ro s s  E urope  ( B u n d e s ­

a m t  f ü r  N a t u r s c h u t z  2004).
A l th o u g h  th e  in s t ru m e n ts  o f  n a tu re  c o n s e rv a t io n  to  fa c e  th e  e f ­
f e c ts  o f  C l imate  Change  w i l l  be the  s a m e  as th o s e  used to dea l 
w i t h  " t r a d i t io n a l "  c o n s e rv a t io n  p ro b le m s ,  ta rg e ts  and s t ra te g ie s  
have  to  be re v ie w e d .  S om e  a im s  and id ea s  m a y  p rove  to be u n ­
re a l is t ic  in a c h a n g in g  c l im a te .  C o n s e rva t io n  s t ra te g ie s  m u s t  
c o n s id e r  the  in te rn a t io n a l  or even  g lob a l  s i tu a t io n .  In a c o u n t r y  
l ike G e rm a n y  it  is e s s en t ia l  to  s e t  p r io r i t ie s ,  e.g. fo r  the  c o n s e rv a ­
t ion  o f  s p e c ie s  w i t h  a h ig h e r  p e rc e n ta g e  o f  th e  p o p u la t io n  l iv ing 
in o r  m ig ra t in g  th ro u g h  ou r  coun t ry .



Educating future generations, ©T. M artin/ DeWiSt

A n o th e r  c h a l le n g e  is the  e d u c a t io n  o f  fu tu re  c o n s e rv a t io n is ts  
w h o  w i l l  have  to dea l w i t h  e v e r  c h a n g in g  e c o s y s te m s .  T h ey  
sh ou ld  k n o w  a b o u t  d y n a m ic  p ro c e s s e s  in n a tu re  and le a rn  the  
w a y  o f  " d y n a m ic  th in k in g " .  Good k n o w le d g e  o f  v e g e ta t io n  d e v e ­
lo p m e n t  o r  p o p u la t io n  d y n a m ic s  w o u ld  be essen t ia l .  Th is  c ou ld  
e n c o u ra g e  b io lo g is ts  o u t  o f  th e i r  m o d e rn  la b o ra to r ie s  and into 
the  f ie ld  aga in  to  s tu d y  n a tu re  in s itu - w h i c h  w o u ld  p ro b a b ly  be 
the  o n ly  pos i t ive  e f f e c t  o f  C l imate  Change.
Finally, to  s lo w  d o w n  C l imate  Change  p ro c e s s e s  n a tu re  c o n s e r v ­
a t ion  p o l ic ie s  m u s t  s u p p o r t  the  w o r k  on n a t io n a l  and  in te r n a ­
t io na l  leve ls  to im p ro v e  the  use o f  r e n e w a b le  e n e rg y  s o u rc e s  
and to  p ro te c t  n a tu ra l  C 0 2 s inks  s u c h  as s w a m p s ,  bogs and 
fo re s ts  ( K i n g  2005).
The e c o lo g ic a l  e f fe c ts  o f  C l imate  Change  e s p e c ia l ly  on s p e c ie s  
sh ou ld  be c o m m u n ic a te d  a m o ng  e c o lo g is ts  and to  the  pub l ic  
m o re  in te n s iv e ly  ( V i t o u s e k  1994). The  m a in  m e s s a g e s  sh o u ld  be:

Beech forest, ©  NABU/Christoph Heinrich

•  M ig r a to r y  s p e c ie s  a re  a m o n g  the  o rg a n is m s  m o s t  a f fe c te d  by 
C l im a te  Change. T h e i r  p ro b le m s  a re  v e ry  d iv e rs e  in d i f fe re n t  
re g io n s  o f  the  e a r th ,  e.g. r e p la c e m e n t  of tu n d ra  by f o r e s t  in 
th e  A r c t i c ,  h a b i ta t  loss in Europe ,  d e s e r t i f i c a t io n  in n o r th e rn  
A f r ic a ,  sea leve l r ise  in the  A s ia n  P a c i f ic ,  h u r r ic a n e s  in the  
C a r ib b ea n ,  and r is ing  t e m p e ra tu r e s  in A n ta r c t i c  w a te r s .

•  C u r re n t  m e th o d s  and in s t ru m e n ts  o f  n a tu re  c o n s e rv a t io n  
a re  a p p ro p r ia te  to  fa c e  the  c h a l le n g e s  c o n n e c te d  to  C l imate  
Change. T h e re  is no need  to  ca l l  f o r  in n o v a t io n s  o r  w a i t  fo r  
them .

•  C l im a te  c h a n g e  is one  e le m e n t  o f  g loba l  c h a n g e ,  w h ic h  is a d ­
d i t io n a l ly  c h a ra c te r iz e d  by h um an  p o p u la t io n  g ro w th ,  h a b i ta t  
d e g ra d a t io n ,  h a b i ta t  f ra g m e n ta t io n ,  u rb a n is a t io n ,  d e s e r t i f i c a ­
t io n ,  po l lu t io n ,  a l te ra t io n  o f  the  g loba l n i t ro g e n  c y c le  and loss 
o f  b iod ive rs i ty .

•  I t  is f u n d a m e n ta l  to  p ro te c t  n a tu re  in a c h a n g in g  w o r ld .  T here  
is no re a s o n  to  lose  hope  o r  s top  c o n s e rv a t io n  ac t ion s .
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Conclusion
Climate  c h a n g e  is a p ro c e s s  w h ic h  im p a c ts  s p e c ie s  and e c o ­
s y s te m s  t h a t  can  be o b s e rv e d  in G erm any .  I t  is a g lob a l  c h a l ­
le ng e  fo r  n a tu re  c o n s e rv a t io n  to f a c e  the  d e v e lo p m e n t  w h ic h  is 
fo re s e e a b le  by fu tu re  c l im a te  m o d e ls  and r e le v a n t f o r  b io d iv e rs ­
ity. The  im p a c t  o f  C l imate  Change  ca n  o n ly  be m a n a g e d  th ro u g h  
in te rn a t io n a l  c o o p e ra t io n ,  e s p e c ia l ly  in the  ca s e  o f  m ig ra to r y  
s p e c ie s .  The  C o nve n t ion  on M ig r a to r y  S p e c ie s  o f  W i ld  A n im a ls  
CM S is th e  b e s t  in te rn a t io n a l  b o d y  to  c o p e  w i t h  C l ima te  Change 
and its im p a c t  on m ig ra to r y  sp e c ie s .
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Examples from Eastern Asia and 
Northern Australia
C. M ax Finlayson
International Water Management Institute, Colombo, Sri Lanka

Introduction
M any w etlands in eastern Asia and northern Austra lia  have 
been degraded and are under increasing pressure from  the 
in troduction  o f alien species, w ater po llu tion , urban encroach­
m ent, reclam ation and in filling , and hydro log ica l d isrup tion  
(Revenga et al. 2000; S torrs and Finlayson, 1997; Finlayson 
and D'Cruz 2005; Dudgeon e ta l. 2005).The inventory in fo rm a­
tion  base fo r addressing these issues is uneven and in places 
absent (Finlayson et al. 1999). A t the same tim e  these w e t­
lands are under th rea t from  C limate Change and sea level 
rise, as shown by analyses undertaken a lm ost a decade ago 
in Kakadu National Park, northern Austra lia  (Bayliss et al. 
1998; E liot et al. 1999), O lango Island, the Philipp ines (M apalo 
1999), and theY e llow  River delta, China (Li et al. 1999).

N o t  o n ly  do th e s e  a n a ly s e s  p ro v ide  a s t r ik ing  e x a m p le  o f  th e  po ­
te n t ia l  loss o r  c h a n g e  t h a t  co u ld  o c c u r  a t  in d iv id u a l  s i tes ,  bu t  
as th e y  a re  l inked w i t h  e a ch  o th e r  a long  the  East A s ia n -A u s t ra l -  
a s ian  F lyw a y  (w w w .w e t la n d s . o r g / I W C /a w c / w a t e r b i r d s t r a t e g y /  
N e tw i r k .h tm )  th e y  a lso i l lus t ra te  the  in te r c o n n e c te d n e s s  o f  w e t ­
land  s i te s  and the  n e c e s s i t y  to  m a n a g e  w i th in  th e  w id e r  co n te x t .  
T hus ,  the  v a lu e  and m a n a g e m e n t  of th e  w e t la n d s  in K akadu  N a ­
t io na l  P ark  a re  n o t  s e p a ra b le  f ro m  the  va lu e  and m a n a g e m e n t  
o f  th e  n e tw o rk s  o f  w e t la n d s  t h a t  s u p p o r t  m ig ra to r y  b irds  a c ro s s  
m u c h  o f  e a s te rn  As ia .  M a n a g e m e n t  o f  the  n e t w o r k  o f  im p o r ta n t  
s i tes  t h a t  o c c u r  w i t h in  the  f l y w a y  (Fig. 1 ) is e n c o u ra g e d  th ro u g h  
th e  A s ia -P a c i f ic  W a te r b i r d  S tra tegy .  W i th  th is  b a c k g ro u n d  the  
im p l i c a t io n s  o f  C l imate  Change  fo r  w e t la n d s  in n o r th e rn  A u s t ra l ia  
and e a s te rn  A s ia  a re  d is c u s s e d  w i t h  p a r t i c u la r  re fe re n c e  to  the  
a n a ly s e s  u n d e r ta k e n  a t  p a r t i c u la r  s i tes. R e fe re n c e  is a lso  m ade  
to  th e  r e c e n t  in i t ia t ive  by the  R a m sa r  C o nv e n t ion  on W e t la n d s  to 
p ro v ide  g u id a n c e  on v u ln e ra b i l i t y  a s s e s s m e n t  o f  w e t la n d s .

Methods
The a s s e s s m e n ts  in n o r th e rn  A u s t ra l ia  and e a s te rn  A s ia  w e r e  
based  on a m ode l  p ro v ide d  by Kay and W a te r m a n  (1993) and in ­
c lu d e d  th e  f o l lo w in g  s teps:
•  D e s c r ip t io n  o f  th e  s i tes ,  in c lu d in g  p hy s ica l ,  b io lo g ic a l  and 

s o c io - e c o n o m ic  a t t r ibu tes ;
•  Id e n t i f i c a t io n  of n a tu ra l  and a n th ro p o g e n ic  ' f o r c in g  f a c to rs ' ,  

in c lu d in g  p re d ic te d  C l imate  Change  and sea leve l r ise ,  and 
th e i r  im p a c ts ;

•  A s s e s s m e n t  o f  the  v u ln e ra b i l i t y  to  ex is t ing  fo r c in g  fa c to rs ;
•  A s s e s s m e n t  o f  the  v u ln e ra b i l i t y  to C l im a te  Change  and sea 

leve l r ise;
•  D o c u m e n ta t io n  o f  c u r r e n t  re s p o n s e s  to  c o a s ta l  hazards ;
•  R e c o m m e n d a t io n s  f o r  fu tu re  m o n i to r in g  and m a n a g e m e n t  

s t ra te g ie s ;
•  Id e n t i f i c a t io n  o f  in fo rm a t io n  gaps  and re s e a rc h  p r io r i t ies .
Th is  in c lu d e d  c o l la t io n  o f  in fo rm a t io n  on m a jo r  land  uses ,  c o n ­
s e rv a t io n  v a lu e s  and m a n a g e m e n t  t h re a ts  and issues;  a n a ly ­
sis o f  the  m a jo r  v a lu e s  and b e n e f i ts  d e r ived  f ro m  the  w e t la n d ;  
a n a lys is  o f  sea level r ise; id e n t i f i c a t io n  of poss ib le  m a n a g e m e n t  
re s p o n s e s ;  and id e n t i f i c a t io n  o f  n e c e s s a ry  t ra in in g  f o r  loca l  c o n ­
s e rv a t io n  p e rs on ne l .  The  a s s e s s m e n ts  a t  all s i tes  w e r e  u n d e r ­
ta k e n  in c o l la b o ra t io n  w i t h  re le v a n t  c o n s e rv a t io n  m a n a g e m e n t  
a u th o r i t ie s  and lo c a l  c o m m u n i t ie s .
R eg iona l C l imate  Change  s c e n a r io s  w e r e  a d o p te d  fo r  e a c h  s ite 
w i t h  a d ju s tm e n ts  based  on lo ca l  data . The key  f a c to r s  in the  s c e ­
n a r ios  f o r  e a c h  s i te  w e re :
•  K akadu  N a t io n a l  Park: 1 -2 °C  in c re a s e  in t e m p e ra tu r e  by 

2030; a v e ra g e  ra in fa l l  in c re a s e  o f  0 - 2 0 %  w i th  a m o re  in ten se  
m o n s o o n ;  sea leve l is e x p e c te d  to  r ise  w i t h  a b e s t  es t im a te  fo r  
A u s t ra l ia  o f  20 cm  ± 10 c m  by 2030.

•  O lango  Is land : r ise  in m e a n  sea level o f  30 c m  by 2030, and 
95 c m  by 2100; in c re a s e  in m e a n  g lob a l  sea s u r fa c e  t e m p e r a ­
tu re  o f  0.5°C by 2010 and 3°C by 2030; 20% in c re a s e  in ty p h o o n  
in ten s i ty ;  and  a te n d e n c y  fo r  in c re a s e d  ra in fa l l ,  in te n s i ty  and 
f re q u e n c y .

http://www.wetlands.org/IWC/awc/waterbirdstrategy/


Figure 1: Outline of global shorebird flyways (from International Wader Study Group, map drawn by Rodney West).
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•  Y e l lo w  R iver de lta :  r ise  in re la t ive  sea leve l o f  48 c m  by 2050; 
in c re a s e  in m e a n  a ir  t e m p e ra tu r e  o f  1.4°C by 2050 and 3°C by 
2100; and in c re a s e  in a n n u a l  p re c ip i ta t io n  o f  2 -4 .5 %  by 2050. 

It is im p o r ta n t  to  no te  t h a t t h e  s c e n a r io s  are  n o t t h e  s a m e  due  to 
g e o g ra p h ic  d i f fe re n c e s  and to  d i f fe re n c e s  in th e  da ta  re s o u rc e s .  
I t i s  a n t ic ip a te d  t h a t  s o m e  of the  o u tc o m e s  o f  th e s e  a s s e s s m e n ts  
m a y  c h a n g e  as m o re  s i te -s p e c i f ic  s c e n a r io s  a re  d e v e lo p e d  and 
fe e d b a c k  f ro m  c l im a te - re la te d  e v e n ts  are c o n s id e re d .

Wetlands and Climate Change
B ase d  on th e  s c e n a r io s  and a v a i la b le  in fo rm a t io n  on th e  b io ­
p h y s ic a l  fe a tu r e s  of th e  s i tes  and in fo rm a t io n  d e r ived  f ro m  a v a ­
r ie ty  o f  o th e r  in v e s t ig a t io n s  th e  f o l lo w in g  re s p o n s e s  to  C l imate  
Change  and sea leve l r ise  w e r e  p ro je c te d .  The c o n f id e n c e  in the  
c o m p o n e n ts  of th e  s i te  p ro je c t io n s  va r ie d  e n o rm o u s ly  b e tw e e n  
and w i t h in  s i te s  due  to v a s t  d i f fe re n c e s  in th e  da ta  re s o u rc e s  
and k n o w le d g e  a b o u t  b io p h y s ic a l  re s p o n s e s .  The  e x te n t  o f  the
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i n fo rm a t io n  a v a i la b le  a t  e a c h  s i te  fo r  an a s s e s s m e n t  of th is  n a ­
tu re  v a r ie d  great ly .
In t e rm s  o f  th e  p ro je c t io n s  the  m a p p in g  o f  a re as  p o te n t ia l ly  a f ­
fe c te d  by c h a n g e s  in ra in fa l l  and  ru n o f f  o r  sea leve l r ise  w a s  
f r a u g h t  w i t h  u n c e r ta in ty ,  e s p e c ia l ly  in re la t io n  to v e r t ic a l  s c a le s  
o f  c h a n g e  g iven  the  a b s e n c e  o f  s u f f ic ie n t ly  a c c u r a te  d ig i ta l  e le ­
v a t io n  m a p p in g  and by the  la c k  o f  p re c is io n  in th e  c l im a te  s c e ­
nar ios .  H o w e v e r ,  th e  c o n f id e n c e  in th e s e  p ro je c t io n s  w a s ,  on the  
w h o le ,  g re a te r  th a n  t h a t  fo r  th e  e c o lo g ic a l  re s p o n s e s  w h ic h  w e re  
a lso  c o n fo u n d e d  by the  u n c e r ta in t ie s  w i t h  th e  sp a t ia l  a na ly s e s  
o f  p h y s ic a l  c h a n g e s .  The e c o lo g ic a l  a na ly s e s  w e r e  w e a k  due 
to  the  a b s e n c e  of bas ic  data  on p o p u la t io n  s izes and d y n a m ic s  
as w e l l  as the  in te r - re la t io n s h ip s  w i t h  th e  p h ys ic a l  e n v i ro n m e n t.  
G en e ra l  p ro je c t io n s  a re  p oss ib le  a t  all s i tes ,  b u t  the  c e r ta in t y  of 
th e s e  is g re a t ly  a f fe c te d  by the  in fo rm a t io n  s o u rc e s .  The p ro je c ­
t io n s  a re  c o n s id e re d  im p o r ta n t  as t h e y  p ro v id e  m a n a g e rs  and 
s c ie n t is t s  w i t h  a base fo r  se ek in g  fu r th e r  in fo rm a t io n  in o rd e r  to 
b e t te r  in fo rm  m a n a g e m e n t  ac t ion s .  W i th  th is  no te  o f  c a u t io n  the  
g e n e ra l  p ro je c t io n s  f o r  e a c h  s i te  a re  g iven  be low .

Kakadu National Park: C h an g es  to th e  w e t la n d s  due  to  sea level 
r ise ,  s h o re l in e  e ro s io n  and s a l tw a te r  in t ru s io n  w e r e  c o n s id e re d  
im p o r ta n t  and w o u ld  c o m b in e  to  c h a n g e  both  the  s a l t  and  f r e s h ­
w a t e r  w e t la n d s .  Change  to the  w e t la n d s  f ro m  C l imate  Change 
w o u ld  l ike ly  in c lu d e  re d u c t io n  o r l o s s  o f  s o m e  c o m p o n e n ts  o f  the  
m a n g ro v e  f r in g e  a long  the  c o a s t  l ine, c o lo n is a t io n  o f  m a n g ro v e  
s p e c ie s  a long  c re e k  l ines  as an a c c o m p a n im e n t  to  s a l t w a t e r  in ­
t ru s io n ,  r e p la c e m e n t  o f  f r e s h w a t e r  w e t la n d s  w i t h  sa l ine  m u d f la ts ;  
and e x te n s iv e  loss of Melaleuca ( p a p e rb a rk )  t re e s  in f r e s h w a t e r  
w e t la n d s .  W i th  c h a n g e s  in the  w e t la n d  v e g e ta t io n  and h a b i ta ts  
th e re  w o u ld  a lso be c h a n g e s  in an im a l  p o p u la t io n s ,  p a r t i c u la r l y  
n o t ic e a b le  w o u ld  be c h a n g e s  to th e  c o m m u n i ty  c o m p o s i t io n  and 
d is t r ib u t io n  o f  b ird s p e c ie s  and f ish  in th e  f r e s h w a t e r  w e t la n d s .  
I t  is a lso  e x p e c te d  t h a t  c h a n g e s  in th e  b io t ic  r e s o u rc e s  m a y  have 
c u l tu ra l ,  s o c ia l  and e c o n o m ic  c o n s e q u e n c e s  f o r  the  A b o r ig in a l  
and n o n -A b o r ig in a l  peop le  l iv ing in o r  v is i t in g  th e  area.
Olango Island: C limate  c h a n g e  and sea leve l r ise  are e x p e c te d  
to  p lace  c o n s id e ra b le  a d d i t io n a l  s t re s s  on O lango  Is land. G iven 
its l o w  e le v a t io n  and t o p o g r a p h ic a l  re l ie f ,  m o re  th a n  10% of  the  
c u r r e n t  land  m ass  w o u ld  be lo s t  in th e  e v e n t  o f  a 95 c m  r ise  in sea 
level.  In a dd i t io n ,  m o re  s e v e re  ty p h o o n s  and s to rm  s u rg e s  w o u ld
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re s u l t  in an even  g re a te r  p o r t ion  o f  th e  is land  be ing  s u b je c te d  to 
in u n d a t io n  and f lo o d in g .  G iven t h a t  the  m a jo r i t y  o f  h u m a n  s e t t le ­
m e n ts  on the  is land  o c c u r  in c lo s e  p ro x im i ty  to  th e  sh o re l in e ,  th is  
re p re s e n ts  a m a jo r  p rob lem .  A n  in c re a s e  in sea leve l w o u ld  a lso 
f a c i l i t a te  s a l t w a t e r  in t ru s io n  in to  th e  u n d e rg ro u n d  f r e s h w a t e r  
lens, a l th o u g h  th is  co u ld  be o f f s e t  by an in c re a s e  in ra in fa l l .  Po ­
te n t ia l  e f fe c ts  on the  b io lo g ic a l  a t t r ib u te s  in c lu d e  loss  o f  m a n ­
g ro ve  s ta n d s  due  to  an in a b i l i t y  to  r e -c o lo n is e  in la nd ,  b lea c h in g  
and d ea th  o f  c o ra ls  due  to  in c re a s e d  sea s u r fa c e  te m p e ra tu re ,  
and loss  o f  fe e d in g  g ro u n d s  and ro o s t in g  h a b i t a t f o r  re s id e n ta n d  
m ig ra to r y  s h o re b i rd s .  P o te n t ia l  e f fe c ts  on s o c io - e c o n o m ic  a t t r i ­
bu tes  in c lu d e  the  d is p la c e m e n t  o f  p eo p le ,  loss o f  in f ra s t r u c tu re  
and loss o f  l ive l ih o od  op t ions .
Yellow River Delta: The  de lta  is v u ln e ra b le  to  p re d ic te d  Cl imate  
Change  and sea leve l r ise. S a l t  m a rs h e s  and o th e r  c o a s ta l  w e t ­
lands  a re  th o u g h t  to  be p a r t i c u la r l y  v u ln e ra b le  to  p e r m a n e n t  in ­
u n d a t io n  and e ro s io n  as a re s u l t  o f  sea leve l r ise  and in c re a s e d  
s to rm  su rge .  Th is  w o u ld  have  f lo w -o n  e f fe c ts  to to u r is m ,  f r e s h ­
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w a t e r  s u pp l ie s ,  f i s h e r ie s  and b iod ive rs i ty .  Sea level r ise  w i l l  a lso 
re s u l t  in a n u m b e r  of o th e r  im p a c ts  in c lu d in g  a re d u c t io n  in the  
p ro te c t iv e  c a p a c i t y  o f  the  dyke  sys tem s .  A s s u m in g  a 1 m sea 
level r ise  and 2 - 3  m s to rm  s u rg e ,  a p p ro x im a te ly  40%  o f  the  
de lta  co u ld  be in u n d a te d .  S a l tw a te r  in t ru s io n  w i l l  a lso be a m a jo r  
issue,  fu r th e r  re d u c in g  a l re a d y  l im i ted  f r e s h w a t e r  re s o u rc e s .  
The a bo ve  im p a c ts  w i l l  have  m a jo r  c o n s e q u e n c e s  fo r  bo th  the  
s o c io - e c o n o m ic  and b io lo g ic a l  a t t r ib u te s  o f  the  delta .

Management Issues
Given the  p o te n t ia l  c h a n g e s  to w e t la n d s  a long  th e  f ly w a y ,  e n ­
v i r o n m e n ta l  m a n a g e m e n t  issu es  th a t  m a y  a s s is t  in d eve lo p in g  
e f fe c t iv e  re s p o n s e s  fo r  dea l in g  w i t h  c h a n g e  have  been  id e n t i ­
f ied. A s  the  b road  s c e n a r io  in c lu d e s  la rg e -s c a le  m o d i f ic a t io n  of 
w e t la n d  h ab i ta ts  and e n v i r o n m e n ta l  c h a n g e s  t h a t  m a y  e x tend  
a c ro s s  land  uses  and ju r is d ic t io n a l  b o u n ds ,  it  is a n t ic ip a te d  th a t  
ex is t ing  m a n a g e m e n t  s t r u c tu re s  w i l l  be s e v e re ly  c h a l le n g e d  and 
p o s s ib ly  u n a b le  to  im p le m e n t  ra d ic a l  a c t io n s  t h a t  s u f f ic ie n t ly

a d d re s s  c o n c e rn s  o f  the  b ro a d e r  c o m m u n i ty .  R e spo n ses  t h a t  
m a y  be n e c e s s a ry  a re  in t ro d u c e d  b e lo w  w h i le  a c c e p t in g  t h a t  
n o t  all w i l l  a p p ly  e q u a l ly  a t  all s ites.

1. Systematic examination of perceptions and values with res­
pect to management of the wetlands and surrounding areas.
Rais ing a w a r e n e s s  o f  th e  im p l i c a t io n s  o f  C l imate  Change  is 
an im p o r ta n t  s tep  in c h a n g in g  g o v e rn m e n ta l  and  c o m m u n i ty  
p e rc e p t io n s .

2. Responsibility and accountability for increased natural 
hazards. A c ro s s  the  f l y w a y  n a tu ra l  haza rd s  in c lu d e  e x trem e  
w e a t h e r  e v e n ts  (e.g. t ro p ic a l  c y c lo n e s ,  m o n s o o n a l  d e p re s ­
s ions ,  and h e a v y  ra in fa l l )  t h a t  cou ld  d is ru p t  o rd e r l y  use  of 
c o a s ta l  and w e t la n d  re s o u rc e s  fo r  h a b i ta t io n ,  in d u s t r y  and 
c o m m e rc e ,  and n e c e s s i ta te  c h a n g e  to p lan n in g  and f in a n c ia l  
m e c h a n is m s .

3. Broader and transparent governance structures and pro­
cesses. C u rre n t  g o v e rn a n c e  and ju r is d ic t io n  m a y  n o t  be w e l l  
e q u ip p e d  to  dea l w i t h  e n v i r o n m e n ta l  c h a n g e  a c ro s s  b road
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a re a s  in a m u l t i - s e c to ra l  m anner.  B ro a d e r  and c o m m u n i ty -  
based  m a n a g e m e n t  m e c h a n is m s  t h a t  ca n  p ro v id e  c o n s is t ­
e n t  and a p p ro p r ia te  re s p o n s e s  i r re s p e c t i v e  o f  ju r is d ic t io n a l  
b o u n d a r ie s  a re  needed .

4. Balance between economic imperatives and ecological 
conditions. S tra te g ic  m a n a g e m e n t  sh o u ld  in c lu d e  the  in te r ­
re la te d  c o m p o n e n ts  o f  re g io n a l  d e v e lo p m e n t  and c o n s e rv ­
a t ion .  T h e re  is a need  fo r  th e  b road  c o m m u n i ty  to  a c c e p t  
m e c h a n is m s  t h a t  ca n  re so lve  c o n f l i c t  w i t h in  th e  c o n te x t  o f  a 
re g io n a l  d e v e lo p m e n t  s t ra te g y  t h a t  e n c o m p a s s e s  a d e q u a te  
c o n s e rv a t io n  o f  re so u rc e s .

5. Acquisition and custodianship of information. A c c e s s  to 
ex is t ing  data  and in fo rm a t io n  sh ou ld  be im p ro v e d  and re p o r ts  
m a d e  re a d i ly  a v a i la b le  and u n c o n f in e d  to the  g re y  l i te ra tu re .  
M u c h  data  and in fo rm a t io n  is c u r re n t ly  d i f f i c u l t  to  a c c es s .
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6. Environmental investigation, including research and moni­
toring to support further vulnerability assessment. Data and 
in fo rm a t io n  on the  p ro c e s s e s  and e x te n t  o f  e n v i r o n m e n ta l  
c h a n g e ,  d e v e lo p m e n t  o f  m a n a g e m e n t  s t ra te g ie s ,  im p le m e n t-  
a t i o n a n d  a ud i t in g  o f  m a n a g e m e n t a c t io n s , a n d  a ss e s s in g  p e r ­
f o r m a n c e  o f  the  ove ra l l  m a n a g e m e n t  p ro c e s s e s ,  is req u ired .

Vulnerability Assessment -  Issues and 
Pitfalls
The a bo ve  c a s e s  i l lu s t ra te  s o m e  o f  the  d i f f i c u l t ie s  fa c e d  by 
w e t la n d  m a n a g e rs  and s c ie n t is ts  in u n d e r ta k in g  and re s p o n d ­
ing to a s s e s s m e n ts  of the  v u ln e ra b i l i t y  o f  im p o r ta n t  w e t la n d s  
to C l ima te  Change  and sea leve l r ise. In m a n y  c a s e s  w e  k n o w  
w h ic h  w e t la n d s  a re  the  m o s t  im p o r ta n t  fo r  m ig ra to r y  and s e d e n ­
ta r y  s p e c ie s ,  e s p e c ia l ly  w h e r e  th e re  are la rg e  p o p u la t io n s  of 
sp ec ie s .  H o w e v e r ,  w e  o ften  do n o t  have  s u f f i c i e n t  in fo rm a t io n  
fo r  p ro je c t in g  c h a n g e  and e s ta b l ish in g  m a n a g e m e n t  s c e n a r io s  
t h a t  ca n  be used to in fo rm  d e c is io n  m a k e rs ;  a p ro b le m  t h a t  is 
c o m p o u n d e d  w h e n  c o n s id e r in g  the  n e t w o r k  o f  s i tes  d is t r ib u te d  
a long  the  f ly w a y .  The  c h a l le n g e  is to  p ro v ide  m a n a g e rs  and d e c i ­
s ion  m a k e rs  w i t h  s u f f i c i e n t  in fo rm a t io n  -  the  issue  is c le a r  -  w e  
are se e k in g  in fo rm e d  and m o re  e n l ig h te n e d  d e c is io n s  t h a t t r a n s -  
p a re n t ly  c o n s id e r  the  t ra d e -o f fs  b e tw e e n  th e  v a r io u s  v a lu e s  and 
uses  o f  im p o r ta n t  w e t la n d s .  M a k in g  a s s e s s m e n ts  on in a d e q u a te  
data  ca n  re s u l t  in m a jo r  m is ta k e s  be ing  m a d e ,  bu t  on the  o th e r  
hand ,  m a n a g e rs  and d e c is io n  m a k e rs  re q u i re  data  and in fo rm ­
a t ion  -  th e y  need  to  m a n a g e  now.
V u ln e ra b i l i t y  a s s e s s m e n t  is p ro p o s e d  as one  w a y  in w h ic h  som e  
o f  the  s h o r tc o m in g s  in data  and in fo rm a t io n  ca n  be a d d re s s e d ,  
bu t  th is  b e c o m e s  a p i t fa l l  f o r  th e  u n w a r y  if i t  is done  w i t h o u t  due 
a n a lys is  o f  the  u n c e r ta in t ie s  and gaps  in t ro d u c e d  by in a d e q u a ­
c ie s  in the  data. The fo l lo w in g  in fo rm a t io n  on v u ln e ra b i l i t y  a s ­
s e s s m e n t  is d ra w n  m a in ly  f ro m  R a m sa r  CoP9 D o c .24 In fo rm a t io n  
P ap e r  (A s s e s s m e n t  to o ls  w i t h in  th e  In te g ra te d  F ra m e w o rk  fo r  
W e t la n d  In ve n to ry ,  A s s e s s m e n t  and M o n i to r in g  ( IF -W IA M )) .
V u ln e ra b i l i t y  a s s e s s m e n t  has been  used to  d e te rm in e  the  e x te n t  
to w h ic h  a w e t la n d  is s u s c e p t ib le  to,  or u na b le  to  c o p e  w i th ,  a d ­
v e rs e  e f fe c ts  o f  C l imate  Change  and v a r ia b i l i t y  and o th e r  p res-



Figure 2: Framework for wetland vulnerability assessment (based on information provided by Habiba Gitay).
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Vulnerability Assessment = Risk Assessment x Risk Perception

1. Risk Assessment -  based on present status and recent trends

Excellent Good Poor

2. Risk Perception -  based on sensitivity and adaptive capacity 

Sensitivity ) ( Low ) ( M oderate ) ( High

Adaptive capacity High M oderate to Low

Involve stakeholders -  develop scenarios for drivers of change 

( No responses ) ( Develop responses )

Underpinned by adaptive management -  monitoring & learning
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s u re s ,  su c h  as c h a n g e s  in land  use  and cover ,  w a t e r  re g im e ,  
o r  o v e r -h a rv e s t in g  and o v e re x p lo i ta t io n  and in v a s io n  by a l ien  
s p e c ie s .  V u ln e ra b i l i t y  in c o rp o ra te s  r isk  a s s e s s m e n t  (i.e., the  e x ­
t e n t  o f  and  e x p o s u re  to a h aza rd )  and is l inked  to th e  s ta b i l i ty  or 
re s i l i e n c e  and s e n s i t iv i t y  o f  a w e t la n d ,  as w e l l  as th e  c a p a c i t y  
to  c o p e  w i t h  one  o r  m o re  hazard .  It is a fo r w a rd - lo o k in g  p ro ­
c e ss  t h a t  is used  to a ss e s s  th e  p ro b a b i l i t y  o f  a c h a n g e  in the  
c o n d i t io n  o f  a w e t la n d  in the  fu tu re  re la t iv e  to s o m e  b e n c h m a r k  
(o r base l ine ) .  In th is  r e s p e c t  it  is t im e  d e p e n d e n t  and a sse s s e s  
th e  l ike l ih o od  o f  c h a n g e  to  the  w e t la n d  c a u se d  by s o m e  r isky  
e v e n t  g iven  the  s e n s i t iv i ty  and re s i l i e n c y  o f  the  w e t la n d .  The 
f r a m e w o r k  f o r  v u ln e ra b i l i t y  a s s e s s m e n t  (Fig. 2) is d ra w n  f ro m  the  
OECD s ta te -p re s s u r e - re s p o n s e  m o d e l  and th e  M i l le n n iu m  E co­
s y s te m  A s s e s s m e n t  c o n c e p tu a l  f r a m e w o r k ,  as w e l l  as the  case  
s tu d ie s  m e n t io n e d  above .  T h o ro u g h  a t te n t io n  sh ou ld  be g iven  to 
e a c h  s tep  in th e  f r a m e w o r k  and the  e x te n t  o f  u n c e r ta in t y  in each  
ass e s s e d  b e fo re  c o n f i rm in g  the  p r o j e c t i o n s - t h e  p u rp o s e  o f  the  
f r a m e w o r k  is to  e n c o u ra g e  c a re fu l  a na ly s is  of the  in fo rm a t io n  
and the  gaps.
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Introduction
Our g lobal c lim ate is changing and hum an activ ities, in c lud ­
ing greenhouse gas em issions, de foresta tion and ozone de­
ple tion are at least in part responsib le  (W ürsig et al., 2002). 
Trying to  p red ic t the precise consequences fo r life on the 
planet is d ifficu lt and th is  is especially true fo r h igh ly  m obile  
m arine m am m al predators.These are inherently  d ifficu lt to  
s tudy and adequately long term  data sets de fin ing  m arine 
preda to rs ' norm al b io logy, ranges and habitats are typ ica lly  
rare. Indeed, we are now  at the po in t when the links between 
global c lim a tic  change and predator responses are 'on ly  ju s t 
being exp lo red ' (Forcada et al., 2005). In add ition , the effects 
o f C lim ate Change on h ig h e rtro p h ic  levels can be d ifficu lt to  
understand because they involve various re la tionsh ips tha t 
may be non-triv ia l and non linear and, possib ly, affected by 
s ign ifican t tim e-lags (Lusseau et al., 2004).The constra in ts  o f 
existing c lim ate m odels also severely lim it p red ic tive  ab ility  
fo r particu la r species (IWC, 1996) and, in add ition , patterns 
and trends in species d ive rs ity  and in the open oceans are 
en igm atic  (W orm s et al., 2005).

Here  w e  r e v ie w  w h a t  is k n o w n  o f  th e  im p a c ts  o f  C l imate  Change 
on m a r in e  p re d a to rs  and in a d d i t io n  c o n s id e r  the  e f fe c ts  c a u se d  
b y 'n o r m a l '  m a r in e  c i r c u la t io n  f lu c tu a t io n s ,  in c lu d in g  the  El N iñ o /  
S o u th e rn  O s c i l la t io n  o f  the  P ac i f ic  Ocean. W h i l s t  th is  p h e n o ­
m e n o n  c re a te s  an a v e ra g e  s u r fa c e  te m p e ra tu r e  a n o m a ly  of 
o n ly  1.6°C, i t  s t i l l  has  an im p o r ta n t  n e g a t ive  in f lu e n c e  on c o a s ta l  
u p w e l l in g  s y s te m s  t h a t  b r ing  n u t r ie n ts  to  the  s u r fa c e  and fue l 
h ig h ly  p ro d u c t iv e  m a r in e  e c o s y s te m s  and f is h e r ies .
M a r in e  m a m m a ls  m a y  p rove  to be im p o r ta n t  in d ic a to rs  o f  C limate 
Change: m a n y  s p e c ie s  a re  h igh ly  v is ib le  (e s p e c ia l ly  w h e n  c o m ­
pared  w i t h  o th e r  m a r in e  p re d a to rs )  and, as w e  sha l l  see  be lo w ,  
the  s p e c ie s  t h a t  b reed  o u t  of w a t e r  p ro v ide  an o p p o r tu n i t y  to m o ­
n i to r  both  th e i r  p ro d u c t iv i t y  and t h a t  o f  the  e c o s y s te m  t h a t  th e y  
inhab it .  M a r in e  m a m m a l  ra n g e s  a re  g e n e ra l ly  re la ted  to  s p e c ie s  
te m p e ra tu re  t o le r a n c e s  (R ob inson  e t  al., 2005); h e n c e ,  te m p e r -

26

Sousa chinensis, ©  Nicola Hodgins

a tu re  is an im p o r ta n t  de f in in g  c o m p o n e n t  of h a b i ta t  fo r  m a n y  
s p ec ie s .  S om e  are e x c lu s iv e ly  fo u n d  in w a r m  t ro p ic a l  w a te r s ,  
s o m e  in the  te m p e ra te  zones and s o m e  o n ly  a t  th e  poles. W h i l s t  
qu ite  a f e w  s p e c ie s  c a n  m o ve  b e tw e e n  d i f fe re n t  te m p e ra tu r e s  
zones d u r ing  re g u la r  m ig ra t io n s ,  th e y  m a y  be a d a p te d  to p a r ­
t i c u la r  te m p e ra tu r e  re g im e s  a t  p a r t i c u la r  pa r ts  o f  th e i r  a nnua l  
cyc le s .  For e x a m p le ,  y o u n g  a n im a ls  m a y  re q u i re  w a r m e r  w a te r s  
fo r  t h e i r  e a r ly  g ro w th  and d e v e lo p m e n t .  M a r in e  m a m m a ls  t y p i ­
c a l ly  e x p lo i t  p a tc h y  p re y  s p e c ie s  t h a t  th e y  re q u i re  in d en se  c o n ­
c e n t ra t io n s .  H e n c e  th e i r  d is t r ib u t io n s  te n d  to re f le c t  both  s ta t ic  
f e a tu re s  (such  as d ep th  and s lope )  and m o re  m o b i le  one s  (such  
as f ro n ts  and u p w e l l in g s )  w h e r e  p ro d u c t iv i t y  is high.
S eve ra l  a u th o rs  have  c o n s id e re d  the  l ike ly  im p a c ts  o f  C l imate  
Change  on c e ta c e a n s 1, in c lu d in g  M a c G a rv in  and S im m o n d s  
(1996) and B u rn s  (2002), and  the  In te rn a t io n a l  W h a l in g  C om ­
m iss ion  has  he ld  a s p e c ia l  w o r k s h o p  on th is  th e m e ,  c o n c lu d in g  
t h a t  " c o n c e r n s  a b o u t t h e  a b i l i t y  o f  a t l e a s t  so m e  c e ta c e a n  p o p u ­
la t ions  to a d a p t  to  fu tu re  c o n d i t io n s  a re  ju s t i f i e d "  ( IW C , 1996). 
W ü rs ig  e t  al. (2002) a lso  re v ie w e d  th is  issue,  e m p h a s is in g  the  
v u ln e ra b i l i t y  o f  s p e c ie s  t h a t  a re  d e p e n d e n t  on l im i ted  p a tc h e s  of 
p a r t i c u la r  ty p e s  of h a b i ta t ,  s u c h  as c e r ta in  la n d -b re e d in g  p in n i ­
peds,  the  c o a s ta l  and f r e s h w a t e r  c e ta c e a n s ,  and the  s i r e n ia n s 2.



W i i r s ig  e t  al. (2002) a lso  s u g g e s te d  t h a t  C l imate  Change  e f fe c ts  
can  be d iv id ed  in to  th re e  types:
•  p r im a ry  e f fe c ts  -  th o s e  e x p e r ie n c e d  by th e  ind iv idua l ;
•  s e c o n d a ry  e f f e c t s - t h o s e  t h a t  a f f e c t  a p o p u la t io n  o r  sp ec ie s ;  

and
•  te r t i a r y  e f fe c ts  -  th o s e  c re a te d  as a re s p o n s e  to C l imate  

Change  by o u r  o w n  s p e c ie s  ( fo r  e x a m p le ,  C l imate  C h ange- 
d r ive n  f is h e r ie s  fa i lu re s  m a y  c a u s e  h u m a n  f is h e rs  to  m ove  
th e i r  a t te n t io n s  to  m a r in e  m am m als ) .

T h e y  a lso  no ted  the  p o te n t ia l  f o r  a s h i f t  in the  Gulf  S tre a m  in the  
N o r th  A t la n t ic  and th e  p o s s ib i l i t y  t h a t  th e  N o r t h w e s t  P assage  
a c ro s s  N o r th  A m e r ic a  w i l l  b e c o m e  m ore  e a s i ly  n a v ig a b le .  Th is ,  
in tu rn ,  co u ld  in c re a s e  b o a t  t ra f f i c  in th is  re g ion ,  in c re a s in g  the  
r isks  o f  oil sp i l ls  and o th e r  po l lu t io n ,  w o rs e n in g  a c o u s t ic  p o l lu ­
t ion  and, g en e ra l ly ,  d e g ra d in g  w h a t  is re g a rd e d  as a st i l l  r e la ­
t iv e ly  p r is t in e  area.

Observations and Evidence
i. Changes in Water Bodies
B u rn s  (2002) e m p h a s is e d  the  im p o r ta n c e  of A n ta r c t i c a ,  w h e r e  
90 p e r c e n t  o f  the  w o r ld 's  g re a t  w h a le s  fe e d ,  and t h a t  t e m p e r ­
a tu re s  in so m e  a re a s  have  a l re a d y  r isen  by4-5°C  in o n ly 5 0 y e a rs .  
He a lso no ted  th e  im p o r ta n c e  o f  the  Z o op la nk to n  s p e c ie s  kri l l  
(Euphausiacea) and its re la t io n s h ip  to the  e x te n t  of s e a - ic e  and 
the  a lga e  a s s o c ia te d  w i t h  it  w h ic h  are a c r i t i c a l  foo d  re s o u rc e  fo r  
k r i l l3. In a re as  w h e r e  th e  s e a - ic e  has r e c e d e d ,  sa lps  ( tu n ic a te s  
of the  s p e c ie s  Salpa thompsoni) te n d  to  d o m in a te  and m a y  ou t-  
c o m p e te  the  kri l l .  S a lps  a re  m o re  t o le r a n t  of w a r m e r  and lo w e r  
n u t r ie n t  w a t e r  th a n  kri l l  and th e re  is e v id e n c e  t h a t  th e i r  ra n ge  
is e x p a n d in g  w i t h  p ro fo u n d  im p l ic a t io n s  fo r  th e  S o u th e rn  O cean  
foo d  w e b ,  in c lu d in g  p en g u in s ,  a lb a t ro s s e s ,  s e a ls  and w h a le s ,  
w h ic h  d e sp i te  th e i r  w id e  fo ra g in g  ra n ge s ,  are  all s u s c e p t ib le  to 
kri l l  s h o r ta g e s  (A tk in s on  e t  al., 2004).
A re a s  of o pe n  w a t e r  in the  p o la r  ic e -p a c k ,  k n o w n  as p o ly n y a s  or 
leads ,  a re  im p o r ta n t  fo r  s o m e  s p e c ie s  o f  m a r in e  m a m m a ls 4 and 
th e i r  e x te n t  m a y  be a f fe c te d  by C l im a te  Change  (B u rn s ,  2002). In 
the  A rc t i c ,  no one  s p e c ie s  of p lan k to n  d o m in a te s  b u ta  d im in u t io n  
of th e  p h y to p la n k to n  p o p u la t io n s ,  w i t h  k n o c k -o n  e f fe c ts  t h r o u g h ­
o u t  the  A r c t i c  foo d  c h a in s ,  is p re d ic te d .  B u rn s  (2002) s u g g e s ts
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t h a t  se ve ra l  k e y  p re y  s p e c ie s  fo r  c e ta c e a n s  m a y  be a f fe c te d  bu t  
add s  " s o m e  c e ta c e a n  s p e c ie s  in the  re g io n ,  s u c h  as f in  w h a le s  
(Balaeonoptera physalus) and  b o w h e a d  w h a le s  (Balaena mysti­
cetus) have  d e m o n s t ra te d  a d a p ta b i l i t y  in fe e d in g  b e h a v io u r  and 
m a y  be ab le  to  s w i t c h  to o th e r  s p e c ie s " .  W i th  th is  s ta te m e n t ,  
he in t ro d u c e s  an im p o r ta n t  th e m e  fo r  fu r th e r  c o n s id e ra t io n ,  the  
issue  o f  the  a d a p ta b i l i t y  o f  m a r in e  a p e x  p re da to rs .
B u rn s  (2002) a lso no ted  t h a t  g lob a l  w a rm in g  m a y  fo s te r  p o is o n ­
ous a lga l b loo m s  and c o n t r ib u te  to  e p iz o o t ic s  and it  a p p e a rs  t h a t  
th e re  has  been  a s ig n i f i c a n t  in c re a s e  in m a ss  d ie -o f fs  in m a r ine  
m a m m a l  p o p u la t io n s  in the  l a s t f e w y e a r s  (S im m on d s  and M a y e r ,  
1997; Rob inson  e t  al., 2005). W h i ls t ,  in m a n y  c a s e s ,  v i ru s e s  (n o t ­
a b ly  o f  the  t y p ic a l l y  h ig h ly  p a th o g e n ic  m o rb i l l i v i ru s  fa m i ly )  have 
been  id e n t i f ie d  as the  p ro x im a te  ca u s e ,  e n v i r o n m e n ta l  f a c to r s  
m a y  have  e x a c e rb a te d  o r  even  p re d ic a te d  th e s e  e p iz o o t ic s  
(S im m o n d s  and M a y e r ,  1997). For e x a m p le ,  in the  ca s e  o f  the  
d ie -o f f  o f  s t r ip e d  d o lp h in s  (Stenella coeruleoalba), w h ic h  s p re ad  
a c ro s s  th e  e n t i re  M e d i t e r r a n e a n  in the  1990s re s u l t in g  in th e  loss 
o f  t h o u s a n d s  of a n im a ls ,  th e  p o o r  n u t r i t io n a l  s ta te  o f  th e  d o lp h in s  
re s u l t in g  f ro m  lo w  n u t r ie n t  in p u t  to  th e  e a s te rn  M e d i te r r a n e a n  
-  c a u s e d  o r ig in a l l y  by a b n o rm a l ly  lo w  ra in fa l l  -  m a y  have  been  a 
p re c ip i ta t in g  fe a tu re  (S im m on d s  and M a y e r ,  1997).
In a d d i t io n  to C l imate  C hange,  a n o th e r  b y -p ro d u c t  o f  in c re a s ­
ing a tm o s p h e r ic  C 0 2 c o n c e n t r a t io n s  is th e  a c id i f i c a t io n  o f  s e a ­
w a te r .  It has  been  s u g g e s te d  t h a t  squ id  -  w h ic h  are  ke y  p re y  
s p e c ie s  fo r  m a n y  d e e p -d iv in g  m a r in e  m a m m a l  s p e c ie s  -  m a y  be 
e s p e c ia l ly  v u ln e ra b le  to  th is  c h a n g e .  The  h igh  e n e rg y  s w im m in g



m e tho d  of squ id  and th e i r  h igh  m e ta b o l is m  re q u i r e s  a good  s u p ­
p ly  o f  o x y g e n  f ro m  the  b lood  and in c re a s in g  C 0 2 c o n c e n t r a t io n  
l o w e rs  b lood pH and its c a p a c i t y  to  c a r r y  o x y g e n  (TRS, 2005).

ii. Distributions Shifts
T he  im p o r ta n c e  o f  t e m p e ra tu r e  in s p e c ie s  d is t r ib u t io n  in the  
o c e a n s  has re c e n t ly  been  in v e s t ig a te d  by W o r m s  e t  al. (2005) 
w h o  fo u n d  w h a t  a p p e a rs  to  be a g e n e ra l  rule: t h a t  d iv e rs i ty  is 
p o s i t iv e ly  c o r re la te d  w i th  th e rm a l  f ro n ts ,  d is s o lv ed  o xyge n  and 
a n o n - l in e a r  f u n c t io n  o f  t e m p e ra tu r e  (w i th  an o p t im u m  o f  a b o u t  
23° C).
P re d a to r  d e m o g ra p h ic s  can  o f  c o u rs e  be e x p e c te d  to be a f fe c te d  
by prey, so c h a n g e s  in p re y  d is t r ib u t io n  o r  a b u n d a n c e  m a y  p re ­
c e d e  sh i f ts  o r  n e g a t ive  o u tc o m e s  in p re d a to r  pop u la t io n s .  W i i r s ig  
e t  al. (2002) s t re s s e d  the  im p o r ta n c e  o f  th e  El N iño  e ven ts  as a 
p ro x y  fo r  C l imate  Change  (a l th ou gh  a c h a n g e  in the  in c id e n c e  of 
th e s e  e ve n ts  co u ld  a lso be a fe a tu re  of C l imate  Change  itself). 
T h e y  no ted  t h a t  r e c e n t  e ven ts  have  p ro m p te d  re p ro d u c t iv e  fa i l ­
u re  (e s p e c ia l ly  in the  fo rm  of h igh  ju v e n i le  m o r ta l i ty )  in c o lo n ie s  
o f  se a b i rd s  and seals .  For e x a m p le ,  in the  m a jo r  El N iño  y e a r  of 
1982, all fe m a le  G a lap a go s  fu r  sea ls  [Arctocephalusgalapagoen­
sis) lo s t  th e i r  pups. S eve ra l  d is t r ib u t io n a l  sh i f ts  a lso o c c u r re d  
in o th e r  m a r in e  s p e c ie s  a t  th is  t im e . For e x a m p le ,  n e a r -b o t to m  
s p a w n in g  m a rk e ts q u id  (Loligo opalescens) le f t  the  s o u th e rn  Cali­
fo rn ia  a rea ,  fo l lo w e d  by the  s h o r t - f in n e d  p i lo t  w h a le s  (Globice­
phala macrorhynchus) t h a t  n o rm a l ly  p re y  on them . W h e th e r  th is  
loss o f  p re y  and a p p a re n t ly  c l im a te - in d u c e d  s h i f t  ca u s e d  d ea ths  
o r  h e a l th - im p a i rm e n t  is n o t  k n o w n .  A  f e w  y e a rs  la ter, an in f lux  of 
Risso's d o lp h in s  ( Grampus griseus) in to  the  s a m e  re g io n  o c c u r ­
red and th e y  fed  on the  by n o w  re tu rn e d  m a rk e t  squ id .  W i i r s ig  et 
al. (2002) s u g g e s t  t h a t  the  d o lp h in s  m a y  be tak ing  a d v a n ta g e  of 
the  n ic h e  le f t  by the  p i lo t  w h a le s .  Dur ing  th e  s a m e  e v e n t  the re  
w a s  a lso an e xp a n s io n  o f  b o t t le n o se  d o lp h in s  ( Tursiops trunca­
tus) f r o m  s o u th e rn  to  c e n t ra l  C a l i fo rn ia  and th e y  re m a in e d  th e re  
a f te r  the  El N iño  e v e n t  e nded  (W i i rs ig  e t  al., 2002).
On a la rg e  s c a le ,  i t  is p re d ic te d  t h a t  s p e c ie s  w i l l  s h i f t  t o w a r d s  the  
po les  and, u l t im a te ly ,  th is  is l ike ly  to  re s u l t  in a re d u c e d  g loba l 
ra n ge  fo r  th o s e  t h a t  a re  m o s t  co ld  w a t e r  ada p te d .  P e r ry  e t  al. 
(2005) e xa m in e d  lo n g - te rm ,  c l im a te - re la te d  c h a n g e s  in d e m e rs a l  
f ish  in the  N o r th  Sea. T h e y  fo u n d  t h a t  both  e x p lo i te d  and n o n ­
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e x p lo i te d  f ish  re s p o n d e d  m a rk e d ly  to  r e c e n t  in c re a s e s  in sea 
te m p e ra tu r e ,  w i t h  n e a r ly  t w o  th i rd s  o f  s p e c ie s  s h i f t ing  th e i r  m ean  
la t i tud e  o r  d ep th  (o r both) o v e r  a 25 y e a r  per iod .  T h e re  is s o m e  
e v id e n c e  t h a t  p re d a to rs  a re  f o l lo w in g  suit .  M a c L e o d  e t  al. (2005) 
c o n s id e re d  c e ta c e a n  s t ra n d in g s  and s ig h t in g  f r e q u e n c y  and 
re la t iv e  a b u n d a n c e  in n o r th - w e s t  S c o t la n d .  The data  s u g g e s te d  
a ra n g e  e x p a n s io n  o f  c o m m o n  d o lp h in s  (Delphinus delphis 
-  a w a r m e r  w a t e r  sp e c ie s )  and a d e c re a s e  in ra n g e  o f  W h i te -  
B ea ke d  D o lp h ins  (Lagenorhynchus albirostris). T h e i r  da ta  'm a y  
be th e  f i r s t  d i r e c t  e v id e n c e  t h a t  th is  [ p o le -w a rd  sh i f t ]  is indeed  
h a p p e n in g  in a c e ta c e a n  sp e c ie s ' .  C hanges  in s p e rm  w h a le  
(Physeter macrocephalus) d is t r ib u t io n  in the  N o r th  East A t l a n ­
t ic ,  based  on s t ra n d in g s  da ta ,  has r e c e n t ly  been  re la te d  to  sh if ts  
in the  N o r th  A t la n t ic  O sc i l la c io n  (NAO) w h ic h  p ro b a b ly  a f fe c ts  
th e i r  sq u id  p re y  s p e c ie s  (R ob inson  e t  al., 2005).
P o p u la t io n  leve l re s p o n s e s  a p a r t  f ro m  d is t r ib u t io n  s h i f ts  are  a lso 
p oss ib le  and Lusseau  e t  al. (2004) us ing  t w o  u n u s u a l ly  lo n g - te rm  
and d e ta i le d  da ta  se ts ,  fo u n d  t h a t  the  g ro u p  size o f  b o t t le n o s e  
d o lp h in s  in the  M o r a y  Fir th, S c o t la n d ,  and o re as  ( Orcinus orca) 
in J o h n s to n e  S tra i t ,  C anada, va r ie d  f ro m  y e a r  to  y e a r  in re la t io n  
to la rg e  s c a le  o c e a n  c l im a te  v a r ia t io n .  Loca l in d ic e s  o f  p rey  
a b u n d a n c e  a lso va r ie d  w i t h  c l im a te  and the  c e ta c e a n s  te n d e d  
to l ive in s m a l le r  g ro u p s  w h e n  th e re  w e r e  less  sa lm o n  a ro un d ,  
w h ic h  s e e m e d  to o c c u r  t w o  y e a rs  a f te r  a ' l o w e r  p h a s e '  o f  the  
N o r th  A t la n t ic  and P ac i f ic  D e ca d a l  O s c i l l ia t io n s  (NAO and PDO). 
Th is  c h a n g in g  o f  g ro up  size is a n o th e r  i l lu s t ra t io n  o f  the  a d a p t ­
a b i l i t y  o f  th e s e  p re da to rs .

iii. Sea lee Changes
The b reed ing  a sse m b la g e s  of A n ta rc t ic  fu r  sea ls  (Arctocephalus 
gazella) a tS o u th  Georg ia  p rov ide  an unu su a l  o p p o r tu n i ty  to m o n i to r  
an a p e x  m a r ine  p re d a to r  sp ec ie s ,  e s p e c ia l ly  as good qua l i ty  data 
ex is ts  f ro m  severa l  d e c a d e s  (i.e. f ro m  s u m m e r  1984/5 o nw a rd s ) .  
Forcada e t  al. (2005) s tud ied  th is  s i tu a t io n  and th e i r  ana lys is  in d i­
ca ted  th a t  pos it ive  sea s u r fa c e  te m p e ra tu re  (SST) ano m a l ie s  at 
South  Georg ia ,  p re c e d e d  by, and c ro s s -c o r re la te d  w i th ,  f re q u e n t  
El N iño-La  Niña  e ven ts  b e tw e e n  1987 and 1988, exp la ined  e x trem e  
re d u c t io n s  in A n ta rc t ic  fu r  seal pup p ro d u c t io n  fo r  the  20 ye a rs  of 
the  study. The au th o rs  be l ieve  th a t  the se  a n o m a l ie s  w e r e  l ike ly  to 
be a sso c ia te d  w i th  lo w  ava i lab i l i ty  of prey, m a in ly  krill.
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A n o th e r  re la t iv e ly  h ig h ly  v is ib le  m a r in e  p re d a to r  is the  p o la r  
bea r  (Ursus maritimus), w h ic h  l ives t h r o u g h o u t  the  ic e -c o v e re d  
w a t e r s  o f  the  A r c t i c  and p a r t i c u la r l y  on n e a r -s h o re  a nn u a l  ice  
c o v e r  a bo ve  the  c o n t in e n ta l  s h e l f  w h e r e  p ro d u c t iv i t y  is a t  its 
h ig h e s t  (D e ro c h e r  e t  al., 2004p. C l im a te  c h a n g e  m o d e ls  p re d ic t  
c h a n g e s  to  th e  sea ice  w i th  re d u c e d  sea l  p re y  a v a i la b i l i ty  fo r  
the  bears .  D e ro c h e r  e t  al. (2004) have  s u g g e s te d  t h a t  a t  f i r s t  the  
b ea rs  m ig h t  be fa v o u re d  by m o re  a nn u a l  ice  w i t h  m o re  le ad s  in 
i t —  m a k in g  m o re  s u i ta b le  sea l h a b i ta t  a va i la b le ,  bu t  as th e  ice 
th ins  fu r th e r  th e y  w i l l  have  to  t ra ve l  m o re  —  us ing  up e n e rg y  to 
keep  in c o n t a c t  w i t h  fa v o u re d  hab i ta t .  D e ro c h e r  e t  al. (2004) e m ­
p has ise  the  'b e h a v io u ra l  p la s t ic i ty '  o f  all u rs id s  b u t  a lso  no te  th a t  
" g iv e n  the  rap id  p a c e  o f  e c o lo g ic a l  c h a n g e  in the  A rc t i c ,  th e  long 
g e n e ra t io n  t im e ,  and th e  h ig h ly  s p e c ia l is e d  n a tu re  o f  p o la r  bears ,

it  is u n l ik e ly  t h a t  po la r  b ea rs  w i l l  s u rv iv e  as a s p e c ie s  if  the  ice  
d is a p p e a rs  c o m p le te ly  as has  been  p re d ic te d  by s o m e " .  W W F  
(2002) d e s c r ib e  the  p o la r  b ea r  as an idea l s p e c ie s  th ro u g h  w h ic h  
to  m o n i to r  h u m a n -c a u s e d  im p a c ts  in the  e c o s y s te m  in c lu d in g  
C l imate  Change. T h ey  no te  t h a t  in th e  H u dso n  and J a m e s  B ays 
o f  C anada,  sea ice  is n o w  m e lt in g  e a r ly  in the  sp r in g  and fo rm in g  
la te r  in th e  a u tu m n  and, th e re fo re ,  th e  t im e  t h a t  the  b ea rs  have 
on the  ice ,  s to r in g  up e n e rg y  f o r  the  s u m m e r  and a u tu m n  w h e n  
th e re  is l i t t le  a v a i la b le  fo o d ,  is b e c o m in g  shor te r .  In H u dso n  Bay, 
th e  m a in  ca u s e  o f  d ea th  f o r  c u b s  is e i th e r  an a b s e n c e  o f  foo d  or 
la c k  o f  f a t  on n u rs ing  m o the rs .
It  sh ou ld  be s t re s s e d  t h a t  C l im a te  Change  can  —  and p ro b a b ly  
a l re a d y  d oe s  —  c a u s e  d i f fe re n t  e f fe c ts  in d i f fe re n t  reg ions .  In 
B a f f in  B ay  and th e  D av is  S tra i t ,  s t ro n g  in c re a s in g  t re n d s  in w in -
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t e r  s e a - ic e  c o n c e n t r a t io n s  have  been  re p o r te d  b e tw e e n  1979 
and 1996; B a f f in  B ay  a lso  h a p p e n s  to h o s t  the  la rg e s t  c o n c e n ­
t ra t io n s  o f  w in te r in g  n a r w h a ls  (Monodon monocerus) and the se  
a n im a ls  a re  e n t i r e ly  d e p e n d e n t  on le ad s  and c ra c k s  in the  ice  so 
t h a t  t h e y  c a n  b re a th e .  M a n y  m a jo r  m o r ta l i t y  e v e n ts  have  been 
r e c o rd e d  w h e n  th e  n a r w h a ls  have  b e c o m e  t ra p p e d  in th e  ice. 
G iven th e i r  h igh  s i te - f id e l i t y  and the  d e c re a s e  in open  w a t e r  
a re as  fo r  th e m ,  th e s e  p o la r  s p e c ia l i s ts  s e e m  v e ry  v u ln e ra b le  to 
C l imate  Change  (La id re  and H e id e -J o rg e n s e n ,  2005).

iv. Impact on Breeding Success
W e  have  a l re a d y  m e n t io n e d  th e  C l imate  C h a n g e -d r iv e n  e f fe c ts  
se en  in A r c t i c  p in n ip e d s  and ,  d e s p i te  th e  d i f f i c u l t ie s  invo lved  
in id e n t i fy in g  s u c h  m a t te rs  w i t h  a n im a ls  t h a t  b reed  in the  sea, 
th e re  are so m e  s ig na ls  f ro m  c e ta c e a n s  t h a t  b re e d in g  is, o r  w i l l  
be, a f fe c te d .  S pe rm  w h a le  p o p u la t io n s  w e r e  h e a v i ly  im p a c te d  
by c o m m e rc ia l  w h a l in g  and re c o v e ry  fo r  th e s e  s lo w  b re ed in g  
a n im a ls  is ta k in g  a v e ry  long  t im e . I t  has  been  no ted  t h a t  C l imate  
Change  m a y  fu r th e r  im p a i r  th is  and the  p o o r  re p ro d u c t iv e  s u c ­
c e ss  of th is  s p e c ie s  in w a t e r s  n e a r  the  G a láp a go s  Is la nd s  has 
been  a s s o c ia te d  w i t h  p e r io d s  o f  w a r m  sea s u r fa c e  te m p e ra tu re ,  
u s u a l ly  c a u s e d  by El N iño  e ve n ts  (W h i te h e a d ,  1997).
For one c r i t i c a l l y  e n d a n g e re d  w h a le  p o p u la t io n  a t  leas t,  a re c e n t  
a na lys is  in d ic a te s  th a t  C l imate  Change m a y  be the  a g e n t  th a t  
p re ven ts  its re c o v e ry  and pushes  it  to  its f ina l  e x t inc t io n .  F o l lo w ­
ing the  end ing  o f  c o m m e rc ia l  w h a l in g ,  the  N o r th  A t la n t ic  R igh t 
W h a le  (Eubalaena glacialis) w a s  e x p e c te d  to s lo w ly  recover.  
H o w e ve r ,  p o p u la t io n  g ro w th  s lo w e d  in the  1 9 9 0 s - w i t h  co l l is io n s  
w i t h  sh ipp in g  and e n ta n g le m e n t  in ne ts  iden t i f ie d  as the  c h ie f  
cu lp r i t s  (G reene  and P ersh ing ,  2004). G reene  and Persh ing  (2004) 
no te  th a t  the  p la n k to n ic  c o p e p o d  ( Calanus finmarchicus) is the  
p r in c ip a l  s o u rc e  o f  n u t r i t io n  fo r  r ig h t  w h a le s  and its re la t iv e ly  h igh 
a b u n d a n c e  in the  1980s exp la in s  the  s tab le  ca lv ing  ra te  a t  th is  
t ime. A  d ec l in e  in Calanus 'm the  e a r ly  1990s has been  a ss o c ia te d  
w i t h  a d rop  in ca lv in g  and the  " m o s t t r o u b l in g  o b s e rv a t io n s "  have 
o c c u r re d  s in c e  1995. Ind e ed ,  in 1996, the  NAO Ind e x  e xh ib i ted  its 
la rg e s t  s ing le  y e a r  d rop  of the  20th c e n tu ry  and th is  had e f fe c ts  
on the  N o r th  A t la n t ic 's  phys ica l  and b io log ica l  o c e a n o g ra p h y .  
E ffec ts  in the  Gul f  o f  M a in e /S c o t ia n  S he l f  reg ion  w e r e  n o t  seen 
unt i l  1997/8, in c lu d ing  a d ra m a t ic  d ec l ine  in ca lv ing  rates.
In th e  N o r th  A t la n t ic ,  th e  NAO  In d e x  has been  m a in ly  pos i t ive  
o v e r  the  la s t  25 ye a rs ;  th is  sh ou ld  p ro v ide  f a v o u ra b le  c o n d i t io n s
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f o r  r ig h t  w h a le  fe e d in g  and, th e re fo re ,  b re ed in g .  H o w e v e r ,  one  of 
the  IPCC c o n c lu s io n s  is t h a t  th e re  w i l l  be an in c re a s e  in c l im a te  
v a r ia b i l i ty ,  and G re en e  and P e rsh in g  (2004) q ue s t io n  w h e t h e r  the  
s i tu a t io n  in 1996 w a s  u n u s u a l  or a s ign  of th e  fu tu re  l ike ly  s w in g s  
in c l im a te .  The  w o r s t  s c e n a r io  w o u ld  be a p ro lo n g e d  p er iod  of 
n eg a t iv e  NAO  c o n d i t io n s .  If r ig h t  w h a le  c a lv in g  ra tes  w e r e  d e ­
p re ssed  fo r  a s ig n i f i c a n t  per iod  o f  t im e ,  th e n  the  t im e  to e x t i n c ­
t ion  w o u ld  even  b e c o m e  s h o r te r  th a n  the  200 y e a rs  p re v io u s ly  
p re d ic te d .  C l imate  c h a n g e  and v a r ia b i l i t y  n ee d ,  t h e re fo re ,  to 
n o w  be ta ke n  in to  a c c o u n t  in th e  m a n a g e m e n t  o f  th e  r e c o v e ry  of 
th is  p o p u la t io n  (G reene  and P e rsh in g ,  2004).

Conclusions
P erha p s  the  m o s t  o bv io u s  c o n c lu s io n  is t h a t  m o n i to r in g  m a r in e  
s y s te m s  and l ink ing  o b s e rve d  c h a n g e s  to  e f fe c ts  is fa r  f ro m  
easy. H o w e v e r ,  d e s p i te  th is ,  c o n c e rn s  f o r  m a r in e  s p e c ie s  are 
in c re a s in g ly  u n d e rp in n e d  by o b s e rv e d  e f fe c ts .  The w a y s  in 
w h ic h  C l imate  Change  m a y  a f f e c t  m a r in e  p re d a to rs  are s u m m a ­
r ised  in f ig u re  1. Th is  r e v ie w  a lso h ig h l ig h ts  the  l ike ly  n eg a t iv e  
c o n s e q u e n c e s  and p a r t i c u la r  v u ln e ra b i l i t y  o f  s p e c ie s  t h a t  are  
d e p e n d e n t  on th e  e x te n t  o f  sea  ice. S im i la r ly  h ig h l ig h te d  is the  
v u ln e ra b i l i t y  o f  sm a l l  and iso la te d  p o p u la t io n s ,  s u c h  as t h a t  of 
the  n o r th e rn  r ig h t  w h a le ,  w h e r e  C l imate  Change  is s e t t o  b e c o m e  
a d e te rm in in g  f a c t o r  in its su rv iva l.
M o re  g en e ra l ly ,  f o r  all s p e c ie s ,  the  ke y  q u e s t io n  c o n c e rn s  h o w  
q u ic k ly  t h e y  can  a d a p t  to  c h a n g e s  in t h e i r  h ab i ta ts  and prey. 
It ca n  be e x p e c te d  t h a t  a t  le a s t  s o m e  o f  th e  w id e r  ra n g in g  p re ­
d a t o r s - s u c h  as o c e a n ic  d o l p h i n s - a r e  l ike ly  to  be ab le  to  a d a p t  
to s o m e  e x te n t  to  m o v e m e n ts  in t h e i r  re s o u rc e  base. Ind e ed ,  
even  B o w h e a d  W h a le s  (Balaena mysticetus) (w h ic h  a re  s p e c ta ­
c u la r ly  lo n g - l iv e d  and s lo w  b re ed in g  ic e -e d g e  sp e c ia l is ts )  have 
been  able  to c h a n g e  th e i r  p a t te rn s  o f  h a b i ta t  use se ve ra l  t im e s  
in the  la s t  11,000, o r  so , y e a rs ,  a p p a re n t ly  in re s p o n s e  to  c h a n g e s  
in ice  c o n d i t io n s ,  c u r re n ts  o r  m a r in e  p ro d u c t iv i t y  (W i i rs ig  e t  al., 
2002). H o w e v e r ,  th e  c u r r e n t  ra te s  of c h a n g e  m a y  be to o  g re a t  fo r  
m a n y  s p e c ie s  to  keep  up w i t h  them .
M o n i to r in g  fo r  c h a n g e s  in m a r in e  s p e c ie s  and sy s te m s ,  in c lu d ­
ing id e n t i fy in g  v u ln e ra b i l i t ie s  w i l l  be d i f f i c u l t  and e x p e n s iv e  bu t  
is a lso im p o r ta n t  and n e c e s s a ry  fo r  o u r  u n d e rs ta n d in g  o f  g loba l  
p ro c e s s e s ,  in c lu d in g  w i t h in  e c o s y s te m s  w h e r e  w e  d i re c t ly  ex-



Figure 1: Ways in which Climate Change may affect marine predators

Climate change and cetaceans;
a simplified representation of major impacts

Freshening of 
seawater 
(ice melt, 
increased rainfall)

O ther human impacts, 
e.g. chemical and noise pollution

Habitat degradation or loss

Plankton Fish, squid Cetaceans

WDCS

Weather 
patterns -  
storminess, 
rainfall changes

Sea level rise 
and
associated
effects

Seawater
temperature
change

Ocean
acidification

p lo i t  re s o u rc e s .  T he  in te rn a t io n a l  fo ra  t h a t  dea l w i t h  s p e c ie s  
c o n s e rv a t io n  have  a m a jo r  ro le  in p ro v id in g  c o -o rd in a t io n  and 
d i re c t io n .  The  IW C, fo r  e x a m p le ,  has  re c o g n is e d  o v e r  the  la s t  
ten  y e a rs  the  need  to  a d d re s s  e n v i r o n m e n ta l  c h a n g e  issues ,  in ­
c lu d ing  th e  poss ib le  im p a c ts  o f  C l imate  Change. H o w e v e r ,  the  
c o n t r ib u t io n  o f  the  IW C has been  c r i t i c is e d  fo r  la c k  o f  a d e q u a te  
fu n d in g  (B u rn s ,  2002)6 and i t  is u n c le a r  if t h e re  w i l l  s t i l l  be w i l l  in 
the  C o m m is s ion  to lo o k  a t  th e s e  im p o r ta n t  m a t te rs  in th e  fu tu re .  
Fo r tuna te ly ,  the  C o nve n t ion  f o r  M ig r a to r y  S p e c ie s  has  a lso  r e ­
c o g n is e d  th e  im p o r ta n c e  o f  th is  issue  ( fo r  e x a m p le  v ia  an in te r ­
n a t io n a l  w o rk s h o p  a t  its 2005 C o n fe re n c e  o f  P ar t ies  w h e r e  th is  
p a p e r  w a s  p re s e n te d )  and it  w i l l  h o p e fu l ly  e m b ra c e  a m a jo r  ro le  
in re la ted  re s e a rc h  and m o n i to r in g  -  in p a r t i c u la r  o f  the  s p e c ie s  
on its a p p e n d ic e s  -  in th e  fu tu re .

Finally, in c lo s in g ,  w e  w o u ld  l ike to e c h o  th e  w o r d s  o f  W i i r s ig  
e t  al. (2002) w h o  fu r th e r  to t h e i r  r e v ie w  o f  c o n c e rn s  fo r  m a r ine  
m a m m a ls ,  c o n c lu d e d  th a t  "for such a pervasive problem as 
global Climate Change, we need strong political leadership that 
cares about the environment. Such leadership can emerge from 
any part o f the globe, but a special responsibility falls on those of 
us in over-developed countries who can most afford to curb our 
huge, disproportionate per capita consumption o f energy and 
output o f toxins and other environmental degraders". W e  agree ;  
e n e rg y  p o l ic ie s  u rg e n t ly  need  to  c h a n g e  w o r ld w id e .
In a dd i t io n ,  in th e  fa c e  of the  o v e rw h e lm in g  c h a n g e s  t h a t  m a y  
re s u l t  -  and in de e d  a l re a d y  s e e m  to be re s u l t in g  -  f r o m  'g lob a l  
w a rm in g ' ,  c o n s e rv a t io n  s t ra te g ie s  sh ou ld  be e x p a n d e d  to e n ­
c o m p a s s  p re d ic te d  c h a n g e s  re s u l t in g  f ro m  c l im a t ic  im p a c ts ;

31



f a i lu re  to do so m a y  m e a n  t h a t  m a n y  s t ra te g ie s  ra p id ly  b e c o m e  
re d u n d a n t  as t h e y  a re  o v e r w h e lm e d  by th e  c o n s e q u e n c e s  of 
a ra p id ly  c h a n g in g  c l im a te .  Th is  is the  t im e  fo r  a fu n d a m e n ta l  
re v is io n  in o u r  th in k in g  a b o u t  c o n s e rv a t io n  and re s o u rc e  m a n a ­
g e m en t ;  and th is  n e w  a p p ro a c h  n ee d s  to  be bo th  a d e q u a te ly  
p re c a u t io n a ry  and s ig n i f i c a n t ly  fa r -s e e in g .
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Footnotes
1 The  m a m m a l ia n  O rd e r  C e tacea  in c lu d e s  all th e  w h a le s ,  d o l ­

ph ins  and p o rpo ises .
2 A n im a ls  in the  m a r in e  m a m m a l ia n  o rd e r  S iren ia  -  m o re  c o m ­

m o n ly  c a l le d  sea  c o w s .
3 Sea ice  m a y  a lso  s h e l te r  kri l l  f r o m  p re da to rs .
4 P o lynya s  a re  im p o r ta n t  sp r in g  fe e d in g  and b re e d in g  g ro u n d s  

fo r  so m e  m a r in e  m a m m a ls  in th e  A r c t i c  and o v e r w in te r in g  s i tes  
fo r  w h i t e  w h a le s  and p o ss ib ly  b o w h e a d s  (B u rn s ,  2002).

5 P o la r  b ea rs  ca n  be c o n s id e re d  a 'm a r in e  m a m m a l ' ;  the  sea  ice 
is w h e r e  th e y  s p en d  m o s t  o f  th e i r  l ives. In su m m e r,  the  sea  ice 
m e lts  in all , o r  par t ,  of th e i r  ra n ge  and o n ly  th e n  a re  the  b ea rs  
fo r c e d  to  s p en d  se v e ra l  m o n th s  on land. O th e rw is e  t h e y  are 
u s u a l ly  o n ly  on land w h e n  m o v in g  b e tw e e n  s e a - ic e  fe e d in g  
a re a s  or w h e n  s e a rc h in g  f o r  a m a te  o r  h av in g  cubs.

6 B u rn s  (2002) c o n c lu d e d  t h a t  if the  IW C fa i led  to  d e ve lo p  its e n ­
v i r o n m e n ta l  w o r k  th e n  its " u l t im a te  le g a c y  m a y  be t h a t  it  saved  
w h a le s  f ro m  e x t in c t io n  by c o m m e rc ia l  h a rv e s t in g  b u t  fa i led  
th e m  in t h e i r  t im e  o f  g re a te s t  n e e d " .
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C onsider the Austra lasian region at the end o f the last lee 
Age when Austra lia  and N ew Guinea fo rm ed one large land 
mass. W ith  a w arm ing  earth accom panied by m elting  ice 
caps and g laciers, the sea level rose and the Indian Ocean 
flooded into the G u lf o f Carpentaria about 8,000 years BP, the 
Pacific Ocean breached the Torres S tra it land bridge about 
7,000 years BP and the coral is lands o f the Great Barrier 
Reef fo rm ed about 5,000 years BP Turtle nesting beaches 
o f 10,000 years BP are now  to ta lly  subm erged and m ost o f 
the present day m ajor m arine tu rtle  rookeries are located at 
sites tha t were inaccessible across d ry  land less than 150 
tu rtle  generations ago. The present m ajor m ig ra to ry  route 
fo r adu lt green tu rtles  feeding in eastern Indonesia, Arnhem  
Land and the G u lf o f Carpentaria th roughTorres S tra it to  the 
Great Barrier Reef nesting beaches is a geo log ica lly  recent 
phenom enon.

M arine tu rtles  have been am ong the great su rv ivors o f d ram a­
tic  C limate Changes and fluc tua ting  sea levels spanning tens 
o f m illions  o f years since the age o f the dinosaurs. Modern 
m arine tu rtle  popu la tions developed new  m ig ra to ry  routes 
and red istribu ted  the ir breeding sites in response to  chang­
ing c lim ate and elevated sea levels since the last ice ages. 
In general te rm s, responding to  C limate Change should not 
be a th rea t to  m arine tu rtle  surviva l. Our concerns regarding 
the ir response to  present day C lim ate Change should centre 
on the ir capacity to  respond sa tis fac to rily  to  an elevated rate 
o f C limate Change w h ile  s im u ltaneously being im pacted by 
a w ide  range o f s ign ifican t th reaten ing processes from  hu­
man orig ins.

Increasing Temperatures on Nesting 
Beaches
M a r in e  tu r t le s  o f  both  fam i l ie s ,  D e rm o c h e ly id a e  and C h e lon i i ­
d ae ,  lay  eggs  t h a t  re q u i re  n e s t  te m p e ra tu r e s  in the  25-32°C fo r  
s u c c e s s fu l  in c u b a t io n .  B o th  fa m i l ie s  a re  c h a r a c te r is e d  by t e m ­
p e ra tu re  d e p e n d e n t  se x  d e te rm in a t io n .  Cool b e a c h e s  p ro d u c e

Green Turtle (Chelonia mydas) digging nest, 
© Nicholas Pilcher

p re d o m in a n t ly  m a le  h a tc h l in g s ;  w a r m  b e a c h e s  p ro d u c e  m o s t ly  
fe m a le  h a tc h l in g s .
W i th  in c re a s in g  te m p e ra tu r e s  th e re  is l ike ly  to  be a fe m in is in g  
o f  m a r in e  tu r t le  pop u la t io n s .  Over the  la s t  50 y e a rs  o r  so , som e  
c r i t i c a l  nes t ing  b e a c h e s  like th o s e  in e a s te rn  m a in la nd  pen insu la  
M a la y s ia  have  a l re a d y  sh i f te d  into a to ta l ly  fe m a le  p ro d u c in g  
te m p e ra tu re  ra n ge  p re s u m a b ly  as a re s u l t  o f  m a n -m a d e  ch a n g e s  
to th e  nes t ing  h a b i ta t  and th e  m ore  su b t le  g loba l  in c re a s e s  in 
te m p e ra tu re .  W h i le  tu r t le  p o p u la t io n s  a p p e a r  to fu n c t io n  s u c ­
c e s s fu l ly  w i t h  an e x c e s s  o f  fe m a le s  (m a le : fe m a le  = 1:2 to 1:3), 
th e re  p ro b a b ly  sh ou ld  be c o n c e rn s  if  th e  re g ion a l  se x  ra t io  fo r  
the  s p e c ie s  (s tock )  a p p ro a c h e s  1:4 m a le  to  fem a le .
Even w i t h o u t t h e  c u r r e n t  t re n d  to w a r m e r  s u m m e rs ,  sand  te m p e r ­
a tu re s  a t  n e s t  d ep th  d u r ing  mid s u m m e r  in th e  t ro p ic s  a t  s o m e  
b e a c h e s  a p p ro a c h  o r  e x c e e d  th e  u p p e r  le tha l l im i t  f o r  egg in ­
c u b a t io n  (34°C). A t  s u c h  t ro p ic a l  b e a c h e s  in n o r th e rn  A u s t ra l ia ,  
m a r in e  tu r t le s  n e s t  in w in t e r  w h i le  the  s a m e  s p e c ie s  (b u t  d i f fe r ­
e n t  g e n e t ic  s to c k s )  in e a s te rn  and w e s te r n  A u s t ra l ia  nes ts  in the  
mid s u m m e r  bu t  on c o o le r  bea ch es .



In c o n t ra s t ,  w i t h in  th e  s o u th e rn  G re a t  B a r r ie r  Reef, in th e  f i r s t  
d e c a d e s  a f te r  o u r  m a r in e  tu r t le  s tu d ie s  c o m m e n c e d  in 1968, w e  
n e v e r  r e c o rd e d  sand  te m p e ra tu r e s  a t  n e s t  d ep th  re a c h in g  the  
34°C le tha l t e m p e ra tu r e  a t  a n y  n es t in g  beach .  S in ce  the  e x t r a ­
o rd in a r i ly  h o t  s u m m e r  o f  D e c e m b e r  1997 -  J a n u a ry  1998, sand 
te m p e ra tu r e s  a t  n e s t  d ep th  a t  M o n  Repos a re  n o w  re a c h in g  as 
h igh  as 36°C f o r  w e e k s  a t  a t im e  d u r ing  h a tc h in g  season .  In r e ­
s p o n s e  to  th e s e  e x c e s s iv e ly  h igh  n e s t  t e m p e ra tu r e s ,  th e re  has 
been  in c re a s e d  d e b i l i ta t io n  and even  d ea th  o f  eggs  and h a t c h ­
l ings. I t  can  be p re d ic te d  t h a t  w i t h  fu r th e r  in c re a s e s  in s u m m e r  
te m p e ra tu re s ,  s ig n i f i c a n t  d e c re a s e s  in h a tc h in g  s u c c e s s  and 
h a tc h l in g  e m e rg e n c e  f ro m  nes ts  can  be e x p e c te d  on b e a c h e s  
t h a t  unt i l  r e c e n t ly  w e r e  good  tu r t le  egg in c u b a to rs .
A  c o m m o n ly  held  h y p o th e s is  is t h a t  m a r in e  tu r t le s  re tu rn  to  b reed  
a t  th e  b e a c h  a t w h i c h  t h e y  w e r e  b o r n - s u c h  a b e h a v io u r  im p l ies  
a s ta t ic  b re ed in g  a s s o c ia t io n  w i t h  s p e c i f i c  lo c a t io n s .  H o w e ve r ,  
the  lo g g e rh e a d  tu r t le s ,  Caretta caretta, t a g g e d  as h a tc h l in g s  
a t  M o n  Repos b e a ch  d e c a d e s  ago  are n o w  re tu rn in g  to b reed  
a t  a b o u t  30 y e a rs  of age  b u t  n o t  ju s t  a t  M o n  Repos. T h e y  are 
re tu rn in g  to b reed  a t  m a n y  b e a c h e s  in the  reg ion .  W h e n  th e s e  
re su l ts  a re  l inked  to  the  o b s e rv a t io n s  o f  p a s t  c h a n g e s  in nes t ing  
d is t r ib u t io n  in re s p o n s e  to  the  end of th e  ice  ages ,  w e  need  to 
c o n s id e r  an a l te rn a te  h y p o th e s is  re g a rd in g  f id e l i t y  to  a n c e s t ra l  
b re ed in g  s i tes: M a r in e  tu r t le  p o p u la t io n s  m a y  re tu rn  to  th e  s a m e  
b re ed in g  a rea  w h i le  e n v i r o n m e n ta l  c o n d i t io n s  re m a in  s ta b le  bu t  
th e y  m a y  s h i f t  to  n e w  b re ed in g  s i tes  in re s p o n s e  to  c h a n g in g  
e n v i r o n m e n ta l  c u e s  s u c h  as sea  te m p e ra tu r e ,  b e a c h  s ta b i l i ty  
and p ro x im i ty  to s u i ta b le  o c e a n  c u r r e n t f o r  d is p e rs in g  h a tc h l in g s  
to p e la g ic  fo ra g in g  a reas .  T h e re  is a ra n g e  o f  te m p e ra tu r e  v a r i ­
ab les  t h a t  w i l l  e x e r t  s e le c t iv e  p re ss u re  on m a r in e  tu r t le  nes t ing  
b io logy :  w h i t e  sand  b e a c h e s  a re  c o o le r  th a n  d a rk  sand  b ea c h es ;  
te m p e ra te  b e a c h e s  are c o o le r  th a n  t ro p ic a l  b e a c h e s ;  b e a c h e s  
are c o o le r  in w in t e r  th a n  in sum m er.

I p re s e n t  the  h y p o th e s is  t h a t  m a r in e  tu r t le s  w i l l  re s p on d  to  Cli­
m a te  Change  as t h e y  have  d on e  in th e  p a s t  th ro u g h  c h a n g e s  in 
the  d is t r ib u t io n  o f  n es t in g  and c h a n g e s  in the  a s s o c ia te d  m ig ra ­
to r y  ro u te s  or th ro u g h  s h i f ts  th e i r  n es t in g  to  c o o le r  m on th s .  I su g -  
g e s t t h a t t h e s e  c h a n g e s  w i l l  n o t o c c u r  p r im a r i ly  t h ro u g h  c h a n g e s  
in b e h a v io u r  o f  th e  ex is t ing  a d u l t  p o p u la t io n  b u t  r a th e r  th ro u g h  
c h a n g e s  o c c u r r in g  as n e w  a d u l ts  r e c ru i t  to  jo in  th e  b re ed in g  p o p ­
u la t io n  o v e r  fu tu re  g e n e ra t io n s .  B e c a u s e  o f  the  long  g e n e ra t io n

Green turtle (Chelonia mydas) surfacing to breath, 
© Alejandro Fallabrlno

t im e  o f  m a r in e  tu r t le s ,  th is  re s p o n s e  to C l imate  Change  w i l l  be 
s lo w  and o c c u r  o v e r  d e c a d e s  o r  m o re  l ike ly  h u n d re d s  o f  ye a rs .

Sea Level Rise and Impacts on 
Nesting Beaches
A t  nes t ing  b e a c h e s  w i t h  e le va te d  sand  d un e s ,  tu r t le s  a re  e x ­
p e c te d  to  be l i t t le  a f fe c te d  by sea leve l rise. T h e i r  n es t in g  shou ld  
o c c u r  a bo ve  th e  n e w  t id e  levels .  T he  s i tu a t io n  w i l l  be v e ry  d i f ­
f e r e n t  w i t h  l o w  e le va t io n  sa nd  is la n ds  s u c h  as o c c u r s  w id e ly  in 
th e  P a c i f ic  Is land  n a t io n s ,  th e  C a r ib b ea n ,  the  M a ld iv e s  and the  
G re a t  B a r r ie r  Reef. A t  th e s e  lo w  e le v a t io n  sand  b e a c h e s ,  the  
c o m b in e d  im p a c t  o f  e ro s io n  and f lo o d in g  o f  the  n es t in g  h a b i ta t  
is e x p e c te d  to  c a u s e  in c re a s e s  in egg m o r ta l i t y  and e v e n tu a l ly  
loss  o f  s o m e  n es t in g  b e a c h e s .  It is u n c e r ta in  w h e t h e r  re e f  b u i ld ­
ing p ro c e s s e s  w i l l  keep  p a c e  w i t h  sea leve l r ise to  re n o u r is h  the  
b e a c h e s  na tu ra l ly .  Tu r t les  t h a t  lose th e i r  nes t in g  b e a c h e s ,  are 
e x p e c te d  to  s e e k  o u t  n e w  nes t ing  s i tes. H o w  tu r t le s  f ro m  v e ry  
re m o te / is o la te d  s i tes  w i l l  c o p e  w i l l  loss  of n es t in g  h a b i ta t  is c o n ­
je c tu re .
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Management Response to Climate 
Change at Nesting Beaches
K n o w le d g e  gap: W e  do n o t  u n d e rs ta n d  h o w  a tu r t le  s e le c ts  h e r  
n es t in g  b e a c h  as she  c o m m e n c e s  h e r  b re ed in g  l ife. R e sea rch  
needs:
•  In v e s t ig a t io n  o f  c u e s  used by tu r t le s  d u r ing  nes t in g  b ea ch  

se le c t io n .
•  In v e s t ig a t io n  of the  p o te n t ia l  fo r  tu r t le s  to  c h a n g e  th e i r  b re e d ­

ing b e h a v io u r  t h ro u g h  s h i f ts  in t im ing  o f  the  b re ed in g  se a s o n ,  
t h ro u g h  sh i f ts  to  use  c o o le r  b e a c h e s  o r  th ro u g h  s e le c t io n  of 
n e w  b re e d in g  s i tes  f o l lo w in g  the  loss  o f  a rookery .

K n o w le d g e  gap: In c u b a t io n  s u c c e s s ,  h a tc h l in g  e m e rg e n c e  
s u c c e s s  and te m p e ra tu r e  p ro f i les  of the  nes t in g  h ab i ta ts  a re  no t  
d o c u m e n te d  a t  m o s t  ro o k e r ies .  R e s e a rc h  needs:
•  E s tab l ish  t e m p e ra tu r e  p ro f i le s  t h r o u g h o u t  the  ra n g e  o f  n e s t ­

ing b e a c h e s  fo r  the  s p e c ie s  (s tock).
•  Census  a nn u a l  tu r t le  b re ed in g  (nes t ing  and h a tc h l in g  p ro d u c ­

t ion )  a t  b e a c h e s  t h a t  re p re s e n t  th e  fu l l  s p e c t ru m  o f  t e m p e r a ­
tu re  p ro f i les ,  in c lu d in g  m a rg in a l  n es t in g  b e a c h e s  as w e l l  as 
c o re  in d e x  b ea c h es .  Th is  m o n i to r in g  sh ou ld  in c lu d e  the  m o n i ­
to r in g  o f  in te r c h a n g e  o f  tu r t le s  b e tw e e n  b re ed in g  sites.

•  In v e s t ig a te  th e  p o s s ib i l i t y  fo r  re m o te  se n s in g  to  q u a n t i fy  sand 
t e m p e ra tu r e s  a t  n e s t  depth .
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Leatherback Turtle on the beach (Dermochely coriacea), 
© Jacques Fretey

M a n a g e r s  shou ld :
•  E xp lore  o p t io n s  fo r  m o d i fy in g  t e m p e ra tu r e  on th e  nes t ing  

b e a c h e s  th ro u g h  th e  use  o f  v e g e ta t io n  c o v e r  and a r t i f i ­
c ia l  s h ad in g .  Th e s e  are p a r t i c u la r l y  a p p l ic a b le  w i t h  h igh ly  
m a n a g e d  n es t in g  a re as  w h e r e  h a tc h e r ie s  a re  in use. W i th  
h a tc h e r ie s ,  it  is even  poss ib le  to re d u c e  the  " b e a c h "  t e m p e ­
ra tu re  by c h o o s in g  l ig h te r  c o lo u re d  sand.

•  E xp lore  o p t io n s  f o r  b e a c h  re n o u r is h m e n t  and re s to ra t io n  of 
the  sand  m ass  a t  l o w  sand  is lands.

•  In c re a s e  h a b i ta t  p ro te c t io n  o f  c o o le r  nes t in g  b e a c h e s  w h ic h  
have  the  p o te n t ia l  f o r  re m a in in g  fu n c t io n a l  ro o k e r ie s  as 
C l imate  Change  p ro g re s s e s  (even  if t h e y  a re  m in o r  ro o k e r ie s  
a t  p resen t) .



Green Turtle at „Turtle Rock,"Slpadan, Malaysia (Chelonia mydas), 
© Jason Isley/Scubazoo

Climate Change and the Pelagic 
Environment
P o s t -h a tc h l in g  tu r t le s  fee d  on p la n k to n  in o pe n  o c e a n  b u t  p la n k ­
ton  is n o t  u n i fo rm ly  d is t r ib u te d  in th e  o c e a n s .  I t  is a g g re g a te d  
a long  c o n v e rg e n c e  zones  and u p w e l l in g s .  Th is  o c e a n ic  p e la ­
g ic  l ife h is to ry  p hase  is th e  m o s t  p o o r ly  u n d e rs to o d  a s p e c t  of 
m a r in e  tu r t le  l ife h is tory .  Th is  is w h e r e  o u r  g re a te s t  u n c e r ta in ty  
in u n d e rs ta n d in g  th e  p o te n t ia l  im p a c ts  of C l imate  Change  on the  
tu r t le s  o c c u rs .  The  lo c a t io n s  o f  th e se  p la n k to n  r ich  zones o f  the  
open  o c e a n  are e x p e c te d  to v a ry  in lo c a t io n  b e tw e e n  y e a rs  in 
re s p o n s e  to  C l imate  Change  and, w i t h  c o n t in u e d  g lob a l  w a r m ­
ing, p o s t -h a tc h l in g  m ig ra t io n s  sh ou ld  c h a n g e  in re s p o n s e  to 
c h a n g e s  in d is t r ib u t io n  of w a t e r  m a s s e s  and p lan k to n .  The  p o s i ­
t iv e /n e g a t iv e  a s p e c ts  a re  d i f f i c u l t  to  p re d ic t  a t  p resen t .

Hawksblll Turtle (Eretmochelys Imbricata), 
© Robert Y in/UNEP/Still Pictures

Climate Change Impacts on Coastal 
Foraging Habitat
C hang ing  sea te m p e ra tu r e  w i l l  c h a n g e  ra te s  o f  p h y s io lo g ic a l  
f u n c t io n  f o r  p o ik i lo th e rm ic  s p e c ie s  s u c h  as m a r in e  tu r t les .  In ­
c re a s e d  m e ta b o l ic  ra tes  in re s p o n s e  to w a r m e r  h a b i ta t  have  
th e  p o te n t ia l  to  in c re a s e  g ro w th  ra tes  o f  im m a tu re  tu r t le s  and to 
h a s te n  v i te l lo g e n e s is  (w i th  re s u l t in g  s h o r te r  in te rv a ls  b e tw e e n  
b re e d in g  s e as o n s )  in adu lts .  If th is  doe s  h a p p e n ,  the  age  to  m a ­
tu r i t y  co u ld  s h o r te n .  F e c u n d i ty  m a y  in c re a s e .  T h es e  co u ld  p o s i ­
t i v e ly  b e n e f i t  th e  p o p u la t io n  d y n a m ic s  o f  th e  s p e c ie s  b u t  th e re  
w i l l  be o th e r  n e g a t iv e  im p a c ts  o p e ra t in g  in para l le l .
For g re e n  tu r t le s ,  th e  size o f  the  a nn u a l  nes t in g  p o p u la t io n  is c o n ­
t ro l le d  by c l im a te .  In the  A u s t ra la s ia n  re g ion ,  it  is re g u la te d  by 
th e  El N iño  S o u th e rn  O sc i l la t ion :  m ass  nes t in g  o c c u r s  18 m o n th s  
f o l lo w in g  an m a jo r  El N iño  e v e n t  and d e p le te d  n es t in g  o c c u rs  
18 m o n th s  a f te r  a m a jo r  La N iña  even t .  Th is  s h o r t t e r m  v a r ia t i ­
on in nes t in g  n u m b e rs  is n o t  the  re s u l t  o f  b i r ths  and d e a th s  bu t  
th e  re s u l t  o f  w h e t h e r  or n o t  a tu r t le  p re p a re s  fo r  b re ed in g  b a c k
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Leatherback Turtle hatchling (Dermochely coriacea), 
© George R. Hughes

in he r  h om e  fo ra g in g  a rea .  Th is  is be ing  re g u la te d  by foo d  a v a i l ­
a b i l i ty  (q u a l i ty  and a b u n d a n c e ) .  W i th  c o n t in u e d  g lob a l  w a rm in g ,  
a n y  c h a n g e  in the  "El N iño  S o u th e rn  O s c i l la t io n "  c l im a te  p a t te rn  
o r  in te n s i ty  w i l l  c h a n g e  th e  f r e q u e n c y  of g re en  tu r t le  b re ed in g  
m ig ra t io ns .
W i th  c u r r e n t  C l imate  Change  t re n d s ,  it  is e x p e c te d  t h a t  the  u n ­
u s u a l ly  h o t  s u m m e rs  t h a t  have  o c c u r re d  in r e c e n t  y e a rs  w i l l  
b e c o m e  m o re  f re q u e n t .  Th e s e  v e ry  h o t  y e a rs  are c a u s in g  co ra l  
b le a c h in g  and n e g a t iv e ly  im p a c t in g  co ra l  ree fs .  Th e s e  s a m e  ho t  
y e a rs  a re  a lso hav ing  a n e g a t iv e  im p a c t  on in te r t id a l  s e a g ra s s  
p a s tu re s  in e a s te rn  A u s t ra l ia .  35°C is a le tha l  t e m p e ra tu r e  fo r  a 
n u m b e r  o f  s e a g ra s s  sp ec ie s .  Th is  t e m p e ra tu r e  is be ing  re g u la r ­
ly e x c e e d in g  on the  in te r t id a l  s e a g ra s s  f la ts  d u r ing  r e c e n t  ho t  
s u m m e r - w i t h  a s s o c ia te d  re d u c t io n  in p a s tu re  q u a l i t y  and a b ­
u n d a n c e  fo r  the  fo ra g in g  g re e n  tu r t les .
W i th in  th e  t ro p ic a l  a re as ,  th e  C l imate  Change  p re d ic t io n  is fo r  
m o re  in ten se  s to rm s  (c y c lo n e s  and h u r r ic a n e s ) ,  th o u g h  th e i r  f r e ­
q u e n c y  m a y  d e c re a s e .  In te nse  s to rm s  c a u s e  s t ru c tu ra l  d am a g e  
to  co ra l  re e fs  and e ro s io n  o f  s e a g ra s s  pas tu re s .  I t  ta k e s  5 -10
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Green Turtle In Cerro de la Verde (Chelonia mydas), 
© Alejandro Fai labri no

y e a rs  fo r  b a d ly  d a m a g e d  co ra l  re e fs  and s e a g ra s s  p a s tu re s  to 
r e n e w  fo l lo w in g  m a jo r  s to rm  d am ag e .  W h i le  th e  foo d  re s o u rc e s  
are d e p le te d  o v e r  th e s e  y e a rs ,  th e re  w i l l  be re d u c e d  g ro w th  
ra tes  o f  im m a tu re  tu r t le s  and re d u c e d  leve ls  o f  a d u l t  tu r t le s  
t h a t  p re p a re  fo r  b re ed in g  m ig ra t io n s .  S im i la r ly  the  p re d ic t io n  fo r  
a re as  l ike t ro p ic a l  A u s t ra l ia  is fo r  less  ra in  and fo r  m o re  in ten se  
ra in fa l l  w h e n  it  o c c u rs .  T he  in te n s e  ra in fa l l  e v e n ts  a re  l ike ly  to 
c a u s e  f lo o d in g  and a s s o c ia te d  ru n -o f f  o f  s e d im e n ts .  Our e x p e ­
r ie n c e  in r e c e n t  y e a rs  in so u th  Q u e e n s la n d  is f o r  the  f lo o d in g  
even ts  and a s s o c ia te d  s e d im e n t  ru n -o f f  to  c a u s e  th e  d ea th  of 
c o a s ta l  s e a g ra s s  pas tu re .  A s  w e l l  as the  im p a c ts  no ted  a bove  
fo r  re d u c e d  g ro w th  and b re ed in g  ra tes  fo r  g re en  tu r t le s ,  w e  are 
d e te c t in g  e leva te d  in c re a s e s  in m o r ta l i t y  o f  g re en  tu r t le s  in the  
m o n th s  t h a t  f o l l o w  s u c h  an event.

C o l lec t ive ly ,  th e  c o m b in e d  im p a c t  o f  in c re a s e d  f r e q u e n c y  o f  ho t  
su m m e rs ,  in c re a s e d  in te n s i ty  o f  s to rm s  and f lo o d in g  e v e n ts  is 
e x p e c te d  to  be s e r io u s ly  d a m a g in g  to c o a s ta l  e c o s y s te m s ,  e s p e ­
c ia l ly  co ra l  re e fs  and s e a g ra s s  pas tu re .  T h es e  c o a s ta l  w a te r s  
e n c o m p a s s  th e  p r im a ry  fo ra g in g  h a b i ta ts  fo r  m o s t  o f  th e  Chelo-



n i id ae  s p e c ie s  b u t n o t f o r t h e  D e rm o c h e ly id a e .  W h i le  o u r u n d e r -  
s ta n d in g  o f  the  fo ra g in g  e c o lo g y  and a s s o c ia te d  p op u la t io n  
d y n a m ic s  is b e s t  u n d e rs to o d  fo r  g re en  tu r t le s ,  it  is e x p e c te d  th a t  
th e s e  n e g a t iv e  im p a c ts  w i l l  a p p ly  to  all s p e c ie s  in h a b i t in g  c o a s t ­
al w a te r s .

Coastal Management Response to 
Climate Change
W h i le  th e  g lob a l  c o m m u n i ty  is c o l le c t i v e ly  w o rk in g  to  re d u c e  
the  im p a c ts  o f  C l im a te  C hange ,  it  is im p e ra t iv e  t h a t  m a r in e  tu r t le  
fo ra g in g  h a b i ta t  is m a n a g e d  to  re d u c e  s t re s s  on o u r  a l re a d y  
s t re s s e d  tu r t le  p o p u la t io n s .  In p a r t ic u la r ,  w e  need  to  m a n a g e  
fo r  h e a l th y  and fu n c t io n a l  c o ra l  re e fs  and s e a g ra s s  p as tu res .  
A c t io n s  c a n  in c lu de :
•  Im p ro v e d  c a tc h m e n t  m a n a g e m e n t t o  re d u c e  s e d im e n t  ru n -o f f  

du r ing  f lo od s ;
•  R edu ce d  c h e m ic a l  p o l lu t io n  th ro u g h  fe r t i l ise r ,  h e rb ic id e  and 

in d u s t r ia l  c h e m ic a l  o u t - f lo w ;
•  R edu ce d  d is p e rs a l  o f  s y n th e t ic  w a s te  fo r  land  so u rc e s .
•  M a n a g e m e n t  o f  f is h e r ie s  and b oa t ing  a c t iv i ty  to  m in im is e  

h a b i ta t  d am age .

Conclusion
W i t h o u t  pos i t ive  a c t io n  to  im p ro v e  th e i r  c o n s e rv a t io n  p ro spe c ts :

t h r e a te n e d  m a r in e  tu r t le s

c l im a te  c h a n g e

th re a te n e d  m a r in e  tu r t le s  u n d e r  g re a te r  t h r e a t

A f t e r  C l imate  C hange ,  th e re  w i l l  s t i l l  be su i ta b le  tu r t le  h a b i ta t  bu t  
n o t  n e c e s s a r i l y  w h e r e  i t  is t o d a y  and it  m a y  ta k e  d e c a d e s  to c e n ­
tu r ie s  to  re -e s ta b l is h  and s tab i l ise .
A s  w e  lo o k  to th e  fu tu re ,  w e  sh ou ld  have  c o n f id e n c e  t h a t  tod a y 's  
t h re a te n e d  tu r t le  p o p u la t io n s  w i l l  r e sp o n d  to  the  n e w  Cl imate  
Change  s t re s s e s  and t h a t  th e y  have  th e  b io lo g ic a l  p o te n t ia l  to 
s u rv iv e ,  b u t  on ly  if w e  a l lo w  th e m  the  opp o r tun i ty .
Our s u c c e s s  in c o n s e rv a t io n  m a n a g e m e n t  o f  m ig ra to r y  m a r ine  
tu r t le s  w i th  t h e i r  d e p e n d e n c e  on m u l t ip le  h ab i ta ts  w i l l  be a good 
in d ic a to r  o f  o u r  s u c c e s s  in m a in ta in in g  b io d iv e rs i ty  t h r o u g h o u t  
o u r  o c e a n s  and c o a s ta l  w a te rs .
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Abstract
The w orld 's  c lim ate is changing rapidly, especially in certain 
parts o f the w o rld  w here evidence o f its im pacts is pa rticu ­
la rly  apparent. There is a lready substantia l evidence tha t 
w ild life  has been affected by C lim ate Change and as a group, 
m ig ra to ry  w ild life  appears to  be particu la rly  vu lnerab le  to 
the im pacts o f C limate Change because it uses m u ltip le  hab i­
ta ts  and sites and use a w ide  range o f resources at d iffe ren t 
po in ts o f the ir m ig ra to ry  cycle. I provide a b rie f review  o f the 
potentia l and actual im pacts o f C lim ate Change on m ig ra t­
o ry w ild life . The Convention fo r the Conservation o f M ig ra ­
to ry  Species provides a valuable fram ew ork  fo r fac ilita ting  
the adaptation o f m ig ra to ry  w ild life  to  C lim ate Change, as 
w e ll as p rov id ing  a m echanism  fo r the exchange o f know ­
ledge between parties and the deve lopm ent o f m u ltina tiona l 
strategies.

Introduction
T he  w o r ld 's  c l im a te  is c h a n g in g  rap id ly ,  e s p e c ia l ly  in c e r ta in  
pa r ts  o f  th e  w o r ld  w h e r e  e v id e n c e  o f  its im p a c ts  is p a r t i c u la r l y  
a p p a re n t .  T hus ,  fo r  e xa m p le ,  M o u n t  K i l im an ja ro  in Tanzan ia  has 
all b u t  lo s t  its s n o w  fo r  the  f i r s t  t im e  in 10,000 y e a rs  and th e re  
have  been  s u b s ta n t ia l  losses  f ro m  par ts  o f  th e  A n t a r c t i c  ice -  
she lves .  The Repo rts  o f  the  I n te rg o v e rn m e n ta l  Panel on C l imate  
Change  s h o w  t h a t  g loba l  te m p e ra tu r e s  have  r isen  by 0.6°C o ve r  
th e  p a s t  150 y e a rs  and t h a t  s u c h  a r ise is u n p re c e d e n te d  o ve r  
th e  p a s t  1000 years .
T h e re  is a l re a d y  su b s ta n t ia l  e v id e n c e  t h a t  w i ld l i fe  has  been 
a f fe c te d  by C l imate  Change  and th e re  is the  s t ro n g  e x p e c ta t io n  
t h a t  i t  w i l l  be in c re a s in g ly  a f fe c te d  in th e  fu tu re .  A s  a g roup ,  
m ig ra to r y  w i ld l i fe  a p p e a rs  to  be p a r t i c u la r l y  v u ln e ra b le  to  the  
im p a c ts  o f  C l ima te  Change  b e c a u s e  it  uses  m u lt ip le  h ab i ta ts  and 
s i tes  and use  a w id e  ra n ge  o f  re s o u rc e s  a t  d i f fe re n t  po in ts  of 
t h e i r  m ig ra to r y  c yc le .  T h e y  a re  a lso s u b je c t  to  a w id e  ra n g e  of 
p h y s ica l  c o n d i t io n s  and o f te n  re ly  on p re d ic ta b le  w e a t h e r  p a t ­
te rn s ,  s u c h  as w in d s  and o c e a n  c u r re n ts ,  w h ic h  m ig h t  c h a n g e

Harbour seal on ice-berg, USA (Prince Willian Sound),
©  Richard Reid - UNEP/Still Pictures

u n d e r t h e  in f lu e n c e  o f  C l ima te  Change. Finally, th e y  f a c e  a w id e  
ra n ge  o f  b io lo g ic a l  in f lu e n c e s ,  s u c h  as p re d a to rs ,  c o m p e t i to rs  
and d is e a s e s  t h a t  co u ld  be a f fe c te d  by C l imate  Change. W h i le  
s o m e  o f  th is  is a lso  t ru e  f o r  m o re  s e d e n ta ry  s p e c ie s ,  m ig ra n ts  
have  th e  p o te n t ia l  to be a f fe c te d  by C l ima te  Change  n o t  o n ly  on 
th e i r  b re ed in g  and n o n -b re e d in g  g ro u n d s  b u t  a lso w h i le  on m i­
g ra t ion .
A p a r t  f ro m  s u c h  d i r e c t  im p a c ts ,  f a c to r s  t h a t  a f f e c t  the  m ig ra t ­
o ry  jo u r n e y  i tse l f  m a y  a f f e c t  o th e r  pa r ts  o f  a s p e c ie s '  l i fe cyc le .  
C hanges  in the  t im ing  of m ig ra t io n  m a y  a f f e c t  b re ed in g  o r  h ib e r ­
na t io n ,  fo r  e x a m p le  if a s p e c ie s  has  to ta k e  lo n g e r  th a n  no rm a l 
on m ig ra t io n ,  due  to  c h a n g e s  in c o n d i t io n s  en route, th e n  it  m a y  
a r r ive  la te ,  o b ta in  p o o re r  q u a l i t y  b re ed in g  re s o u rc e s  (su ch  as 
te r r i to ry )  and be less p ro d u c t iv e  as a resu lt .  If m ig ra t io n  c o n ­
s u m e s  m o re  re s o u rc e s  th a n  n o rm a l ,  th e n  in d iv id u a ls  m a y  have 
f e w e r  r e s o u rc e s  to  p u t  in to  b re ed in g  — th e  la rg e  b a le e n  w h a le s  
m a y  s u f fe r  f ro m  th is ,  as th e y  do n o t  fee d  w h i le  on m ig ra t io n .



General Patterns
The d e g re e  o f  k n o w le d g e  a b o u t t h e  p o te n t ia l  and  a c tu a l  im p a c ts  
of C l ima te  Change  v a r ie s  c o n s id e ra b ly  b e tw e e n  d i f fe re n t  t a x o ­
n o m ic  g ro u p s  —  b e s t  s tu d ie d  a re  b irds ,  th e n  m a m m a ls ;  f ish  and 
tu r t le s  a re  re la t iv e ly  p o o r ly  u n d e rs to o d ,  b u t  v e ry  l i t t le  is k n o w n  
a b o u t t h e  in v e r te b ra te s .  S p e c ie s  have  th re e  poss ib le  re s p o n s e s  
to C l imate  Change:
•  T h e y  can  c h a n g e  g e o g ra p h ic a l  d is t r ib u t io n  to  t r a c k  e n v i r o n ­

m e n ta l  ch a n g e s .
•  T h e y  ca n  re m a in  in the  s a m e  p la c e  b u t  c h a n g e  to m a tc h  the  

n e w  e n v i r o n m e n t ,  th ro u g h  e i th e r  a b e h a v io u ra l  re s p o n s e  
(su ch  as a s h i f t  in the  t im in g  o f  b re e d in g )  o r  a g e n e t ic  re s p o n s e  
(su ch  as an in c re a s e  in the  p ro p o r t io n  o f  h e a t  t o le r a n t  in d iv i ­
dua ls).

•  T h e y  c a n  go ex t inc t .  No s p e c ie s  has u n a m b ig u o u s ly  b e c o m e  
e x t in c t  due to C l imate  Change  y e t ,  a l tho u gh  the  G olden  Toad 
of the  m o n ta n e  c lo ud  fo re s ts  of Costa Rica m a y  be one su c h  
case.

Key fa c to rs  t h a t  are  l ike ly  to  a f fe c t  all s p e c ie s ,  re g a rd le s s  o f  m i­
g ra to ry  te n d e n c y ,  a re  c h a n g e s  in p re y  d is t r ib u t io n s  and c h a n g e s  
or loss o f  hab ita t .  C hanges  in p re y  m a y  o c c u r  in te rm s  o f  th e i r  
d is t r ib u t io n s  or in t im ing .  The  la t te r  m a y  o c c u r  th o u g h  d i f fe re n t ia l  
c h a n g e s  in d e v e lo p m e n ta l  ra tes  and can  lead  to a m is m a tc h  in 
t im ing  b e tw e e n  p re d a to rs  and p re y  ( " p h e n o lo g ic a l  d is ju n c t io n " ) .  
Changes  in h a b i ta t  q u a l i t y  ( lead ing  u l t im a te ly  to h a b i ta t lo s s )  m a y  
be im p o r ta n t  fo r  m ig ra to r y  s p e c ie s  t h a t  need  a c o h e re n t  n e tw o rk  
of s i tes  to fa c i l i ta te  th e i r  m ig ra to ry  jo u rne ys .  H a b i ta t  q u a l i ty  is 
e s p e c ia l ly  im p o r ta n t  on s tag in g  or s to p -o v e r  s i tes ,  as in d iv id ua ls  
need to  c o n s u m e  la rge  a m o u n ts  o f  re s o u rc e  ra p id ly  to c o n t in u e  
th e i r  o n w a rd  jou rney .  S uch  h igh  q u a l i ty  s i tes  m a y  c ru c ia l  to  a l lo w  
m ig ra n ts  to c ro s s  la rge  e c o lo g ic a l  ba r r ie rs ,  s u c h  as o c e a n s  or 
deserts .
H o w e ve r ,  i t  sh o u ld  be no ted  t h a t  m ig ra t io n  i tse l f  is a re s p o n s e  
to e c o lo g ic a l  c o n d i t io n s ,  and in m a n y  s p e c ie s  is a f le x ib le  and 
a da p ta b le  t ra i t .  Thus ,  c h a n g e s  in le n g th ,  t im in g  and lo c a t io n  of 
m ig ra to r y  ro u te s  in re s p o n s e  to c h a n g in g  c l im a t ic  c o n d i t io n s  
have  been  d o c u m e n te d .  Th e s e  a re  le ad in g  to c h a n g e s  in the  
p a t te rn s  o f  o c c u r r e n c e  in a w id e  ra n ge  o f  taxa .

Typical localized rainfall In Chad, ©  John Newby/SSIG

Impacts of Climate Change on 
Different Taxonomic Groups

Marine Invertebrates, Fish andTurtles
The  d is t r ib u t io n s ,  a b u n d a n c e  and c o m m u n i t ie s  o f  m a r in e  in v e r ­
t e b ra te s  and f ish  are v e r y  t e m p e ra tu r e - d e p e n d e n t ,  as the se  
s p e c ie s  a re  e c to th e rm ic ,  i.e. u n a b le  to  re g u la te  th e i r  o w n  b od y  
te m p e ra tu r e  in te rna l ly .  Thus ,  fo r  e x a m p le  th e  d is t r ib u t io n s  of 
c o p e p o d  p la n k to n  in the  N o r th  Sea have  c h a n g e d  c o n s id e ra b ly  
s in c e  th e  1960s: s o u th e rn  edge  s h e l f  s p e c ie s  and " p s e u d o -  
o c e a n ic "  te m p e ra te  s p e c ie s  have  te n d e d  to  m ove  n o r th w a rd s .  
The  m ig ra t io n  o f  H e rr ing  in th e  N o r th  Sea, w h ic h  fee d  on 
Calanus finmarchius, is a f fe c te d  by t e m p e ra tu r e s  and o c e a n  c u r ­
re n ts  le ad in g  th e m  to  m o ve  fu r th e r  n o r th  in w a r m e r y e a r s .  T here  
is e v id e n c e  fo r  the  in c re a s in g  o c c u r r e n c e  o f  e x o t ic  so u th e rn  
s p e c ie s  in to  th e  N o r th  Sea, s u c h  as Red M u l le t ,  A n c h o v y ,  S ar­
d ine ,  and P oo r  Cod s in c e  th e  mid-1990s, w h ic h  is c o r re la te d  w i th



w a r m e r  sea te m p e ra tu re s .  T h e re  have  been  s im i la r  c h a n g e s  
r e c o rd e d  in th e  a b u n d a n c e  o f  sq u id ,  bo th  in the  N o r th  Sea, bu t  
a lso  in th e  S o u th e rn  A t la n t ic  Ocean.
C hanges  in o c e a n  m ix ing ,  deep  w a t e r  p ro d u c t io n  and c o a s ta l  
u p w e l l in g s  w i l l  have  p ro fo u n d  e f fe c ts  on the  s ta tu s ,  s u s ta in a b i l ­
ity, p ro d u c t iv i t y  and b io d iv e rs i ty  o f  c o a s ta l  zone and m a r in e  e c o ­
s ys tem s .  V e ry  l i t t le  is k n o w n  a b o u t t h e  p h y s ic a l  d e te rm in a n ts  of 
u p w e l l in g s  zones,  b u t  th e s e  a re  c ru c ia l  zones o f  p ro d u c t iv i t y  fo r  
m a r in e  c o m m u n i t ie s .
E leva ted  leve ls  o f  C 0 2 in the  a tm o s p h e re  w i l l  te n d  to  re s u l t  in in ­
c re a s e d  c o n c e n t r a t io n s  in s e a -w a te r ,  le ad in g  to  d e c re a s e s  in pH 
(i.e. ac id i ty ) .  Th is  has  th e  p o te n t ia l  to  a f f e c t  c a lc i f i c a t io n  ra tes  
by m a r in e  p la n k to n  as p a r t  o f  t h e i r  e x o s k e le to n s  and co u ld  u l t im ­
a te ly  a f f e c t  co ra l  fo rm a t io n .  Squ id  have  e x t re m e ly  p H -s e ns i t iv e  
b lood  o xyge n  t r a n s p o r t  w h ic h  m a y  be d e t r im e n ta l ly  a f fe c te d  by 
even  sm a ll  c h a n g e s  in o c e a n ic  pH. The p o te n t ia l  s ig n i f i c a n c e  of 
s u c h  e f fe c ts  n e e d s  fu r th e r  re s e a rc h .
M a r in e  tu r t le s  fa c e  a n u m b e r  o f  p ro b le m s  t h a t  are  s p e c i f ic  to 
t h e i r  l i fe cy c le s .  S ex  d e te rm in a t io n  is d e p e n d e n t  on th e  te m p e r ­
a tu re  d u r ing  in c u b a t io n  of th e  eggs ,  w i t h  w a r m e r  te m p e ra tu r e s  
re s u l t in g  in the  p ro d u c t io n  o f  m ore  fe m a le s .  For e x a m p le ,  on 
A s c e n s io n  Is land  the  p ivo ta l  te m p e ra tu r e  a t  w h ic h  G reen  Turt le  
e gg s  p ro d u c e  a s e x  ra t io  of 50% m a le s  and fe m a le s  is 28.8°C and 
c u r r e n t  se x  ra t io s  a re  a p p ro x im a te ly  75% fe m a le  a f te r  a p p ro x im ­
a te ly  0.4°C w a rm in g  o v e r  the  p a s t  100 y e a rs .  T h us  th e re  is the  
p o s s ib i l i t y  of g lob a l  w a rm in g  a l te r ing  se x  ra t io s  s u b s ta n t ia l l y  in 
th e  fu tu re .  In a dd i t io n  w a r m e r  te m p e ra tu r e s  on n es t in g  b e a c h e s  
m a y  e x c e e d  th e  m a x im u m  f o r  s u c c e s s fu l  d e v e lo p m e n t ,  lead ing  
to  h e a t  s t re ss ,  s m a l le r  b o d y  size and in c re a s e d  e m b ry o  m orta l i ty .  
C l imate  w a rm in g  m a y  a lso  in c re a s e  the  in c id e n c e  o f  d isease :  fo r  
e x a m p le  F ib ro pa p i l lo m a  tu m o u rs  in G reen  T ur t les  a re  h y p o th e ­
s ised  to  g r o w  fa s te r  in w a r m e r  w a te r s  and th e  p re v a le n c e  o f  th is  
d is e a s e  has in c re a s e d  s in c e  th e  1980s. Finally, th e re  a re  d i r e c t  
e f fe c ts  t h a t  m a y  a r ise  f ro m  s e a - le v e l  r ise. U n de r  a s c e n a r io  o f  a 
0 .5 m s e a - le v e l  r i s e ,G IS -b a s e d  e le v a t io n  m o d e ls  in d ic a te  t h a t u p  
to  32%  o f  b e a c h e s  used by n es t in g  sea tu r t le s  in the  C a r ibbean  
c o u ld  be lo s t  v ia  " c o a s ta l  s q u e e z e " - t h e  loss  o f  c o a s ta l  h a b i ta t  
b e tw e e n  th e  h ig h - w a te r  m a rk  and hard  c o a s ta l  d e fe n c e s ,  s u ch  
as s e a -w a l ls .
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Marine Mammals
M o s t  c e ta c e a n s  (w h a le s  and d o lp h in s )  are  h ig h ly  m ig ra to ry .  For 
e x a m p le  th e  la rg e r  ba leen  w h a le s ,  s u c h  as B lue  W h a le ,  u n d e r ­
ta ke  long s e a s o n a l  m ig ra t io n s  b e tw e e n  t ro p ic a l  c a lv in g  g ro u n d s  
in w in t e r  and h igh  la t i tud e  fe e d in g  g ro u n d s  in sum m er.  C hanges  
in the  d is t r ib u t io n ,  a b u n d a n c e  and c o m m u n i ty  c o m p o s i t io n s  of 
th e i r  foo d  s u p p l ie s ,  p lan k to n ,  f ish  and sq u id ,  a re  s t ro n g ly  re la ted  
to c l im a t ic  fa c to rs ,  p a r t i c u la r l y  sea  te m p e ra tu re s .  S uc h  c h a n g e s  
are a l re a d y  a f fe c t in g  c e ta c e a n  c o m m u n i t ie s ,  fo r  e x a m p le  in the  
N o r th  Sea th e re  has  been  an in c re a s e  in th e  re p re s e n ta t io n  of 
s o u t h e r n - w a t e r  s p e c ie s  fu r th e r  nor th .  W a r m  w a te r s  a lso  a f fe c t  
c e ta c e a n  re p ro d u c t io n ,  as re d u c t io n s  in fo o d  s u p p l ie s  in w a r m e r  
w a te r s  d e c re a s e  th e  p h y s ic a l  c o n d i t io n  o f  fe m a le s  and in c re a s ­
es th e  in te rv a ls  b e tw e e n  re p ro d u c t io n  events .
T h e re  m a y  be s im i la r  im p a c ts  on sea l p o p u la t io n s ,  b u t  th e s e  are 
a lso p o te n t ia l ly  a f fe c te d  by the  loss  o f  u n d is tu rb e d  h a u l - o u ts i te s ,  
due to  s e a - le v e l  r ise , w h ic h  are used  fo r  b re e d in g ,  n u rs e r ie s  and 
res t ing .  E n d a ng e red  s p e c ie s ,  s u c h  as the  M e d i te r r a n e a n  M o n k  
Seal ( l is ted on CM S A p p e n d ix  I), w h ic h  use a l im i ted  n u m b e r  of 
(o f ten  c a ve )  s i te s  a re  p a r t i c u la r l y  th re a te n e d .  S im i la r ly ,  p in n i ­
p e d s ,s u c h  as Ringed Sea l,  B e a rd e d  Sea l and W a l r u s e s ,  t h a t u s e  
ice  f lo w s  fo r  re s t in g ,  pup p ing  and m o u l t in g ,  m a y  be p a r t i c u la r l y  
v u ln e ra b le  to c h a n g e s  in sea  ice  ex ten t.  Thus ,  d e c l in e s  in Ringed 
Seal pup su rv iv a l  in the  w e s te r n  H u dso n  B ay  is a s s o c ia te d  w i th  
e a r l ie r  sp r in g  b re a k -u p  o f  ice  and lo w e r  s n o w  cover.
The P o la r  B e a r  is a n o th e r  m ig ra to r y  s p e c ie s  th a t  re q u i re s  solid  
ice  as a s u b s t ra te  on w h ic h  to h u n t  and re a r  its o f fsp r ing .  The 
c o n d i t io n  o f  a d u l t  P o la r  B ea rs  in the  w e s te r n  Hudson  B ay  has d e ­
c l ined  s ig n i f i c a n t ly  s in ce  the  1980s, as has  the  p ro p o r t io n  of in d e ­
p e n d e n t  y e a r l in g  cubs.  Th is  is a s so c ia te d  w i t h  a per iod  t h a t  has 
seen  the  e a r l ie r  b re a k -u p  of sea ice  and its la te r  re - fo rm a t io n .

Migratory Birds
M ig r a to r y  b irds  fo rm  the  b e s t  s tu d ie d  g ro u p  o f  w i l d l i f e  and can  
a c t  as an in d ic a to r  o f  the  ty p e s  o f  e f fe c ts  and im p a c ts  t h a t  m a y  
a f f e c t  o ther,  less  w e l l  s tu d ie d  g ro up s .  M o s t  s p e c ie s  (84%) lis ted 
on th e  A p p e n d ic e s  o f  the  CM S have  the  p o te n t ia l  to be a f fe c te d  
by C l im a te  Change  in s o m e  w a y :  53% f ro m  c h a n g e s  to w a t e r  
re g im e  (d ro u g h ts ,  lo w e re d  w a t e r  ta b le s ,  e tc .) ,  24% f ro m  m is ­
m a tc h e s  w i t h  fo o d  s u pp l ie s ,  18% f ro m  s e a - le v e l  r ise , 17% f ro m  
h a b i ta t  sh i f ts ,  17% f ro m  c h a n g e s  in p re y  ra n ge  and 7%  f ro m  in ­



c re a s e d  s to rm  f re q u e n c y .  T h es e  a re  e s t im a te s  based  on e x p e r t  
op in io n ,  b u t  th e  to ta l  p ro p o r t io n  t h o u g h t  to be t h re a te n e d  by Cli­
m a te  Change  im p a c ts  is g re a te r  th a n  t h a t  t h re a te n e d  f ro m  all 
o th e r  m a n - in d u c e d  im pa c ts .
C hanges  in th e  d is t r ib u t io n ,  a b u n d a n c e  and t im ing  o f  p re y  have 
a l re a d y  been  d e m o n s t ra te d  to have  im p a c ts  on m ig ra to r y  birds. 
For e x a m p le ,  c h a n g e s  in the  re la t iv e  t im ing  o f  c a te rp i l l a r  foo d  
s u p p l ie s  fo r  w o o d la n d  b i r d s , s u c h  as ( res id e n t )  G re a t  T i t a n d  (m i­
g ra to ry )  Pied F ly c a tc h e r  in Europe ,  are  a l re a d y  hav ing  im p a c ts  
on the  re p ro d u c t iv e  s u c c e s s  o f  th o s e  s p e c ie s  t h a t  are  n o t  ab le  
to a d ju s t  t h e i r  t im in g  in s y n c h r o n y  ( " p h e n o lo g ic a l  d is ju n c t io n " ) .  
Th is  p ro v id e s  e v id e n c e  fo r  n a tu ra l  s e le c t io n  a l re a d y  o c c u r r in g  in 
re s p o n s e  to  C l imate  C hange ,  as e a r ly  b re ed in g  b irds  a re  being  
d is p ro p o r t io n a te ly  fa v o u re d  c o m p a re d  to la te r  nes t in g  in d iv i ­
dua ls .  In N o r th  S c o t la n d ,  in te rn a t io n a l ly  im p o r ta n t  po p u la t io n s  of 
s e a b i rd s  have  su f fe re d  m a s s ive  b re ed in g  fa i lu re s  (n e a r  100%) in 
r e c e n t y e a r s ,  w h ic h  a p p e a rs  to  be d u e t o  w a r m e r w a t e r s  lead ing  
to a loss o f  p la n k to n  and th u s  th e  f ish  t h a t  th e y  fee d  on. M ig r a t ­
o ry  b irds  o f te n  re q u i re  h ig h ly  p ro d u c t iv e  a re a s  in w h ic h  to f a t ­
ten  p r io r  to m ig ra t io n  and w h e n  th e s e  fa i l ,  c a ta s t ro p h ic  d e c l in e s  
can  ta k e  d e c a d e s  to reco ve r .  For e x a m p le  th e  S ahe l d ro u g h t  in 
1968 -69  led to  a m a ss ive  d e c l in e  (ca. 80%) in W h i t e t h r o a t W a r b -  
le rs  re tu rn in g  to th e  UK and th e i r  n u m b e rs  are  s t i l l  o n ly  25% of 
t h e i r f o r m e r  a b u n d a n c e .
One of the  b ig g e s t  t h re a ts  to  a s ig n i f i c a n t  n u m b e r  o f  h ig h ly  m i ­
g ra to ry  b irds is the  c o n s e q u e n c e  of w a rm in g  in p o la r  re g ion s ,  
if th is  leads  to  a loss o f  tu n d ra  h ab i ta ts  due  to  s e a - le v e l  r ise 
and e n c r o a c h m e n t  of t a l le r -g ro w in g  v e g e ta t io n  w i t h  in c re a s e d  
w a rm th .  T h e re  is a l re a d y  e v id e n c e  t h a t  d e c re a s e d  s n o w  c o v e r  
is le ad in g  to a c c e le ra te d  th a w in g  in th e s e  a reas .  The  la c k  of 
land fu r th e r  n o r th  m e a n s  t h a t  the  a rea  a v a i la b le  fo r  the  la rge  
p o p u la t io n s  of m ig ra to r y  b irds  t h a t  b reed  in th e s e  re g io n s  m a y  
s h r in k  s ig n i f i c a n t ly ,  w i th  im p o r ta n t  c o n s e q u e n c e s  fo r  the  v ia b i l ­
ity o f  th e i r  p o p u la t io n s .

Bats
W h i le  it  is p ro b a b le  t h a t  m a n y  s p e c ie s  o f  ba ts  a re  m ig ra to ry ,  
the  s ca le  and e x te n t  o f  s u c h  m o v e m e n ts  are la rg e ly  u n k n o w n ,  
th o u g h  fe m a le s  are u s u a l ly  m o re  m ig ra to r y  th a n  males .  The  re ­
p ro d u c t iv e  c y c le  o f  t e m p e ra te  zone bats  is c lo s e ly  l inked  to  th e i r  
p a t te rn  o f  h ib e rn a t io n .  B a ts  m a te  in th e  a u tu m n  and w in t e r  and

s p e rm a to z o a  a re  s to re d  in th e  fe m a le  re p ro d u c t iv e  t r a c t  unti l  
sp r ing .  If bats  e x p e r ie n c e  w a r m  c o n d i t io n s  in the  s e c o n d  ha l f  
o f  w in te r ,  th e y  w i l l  a ro u s e  f ro m  h ib e rn a t io n  p re m a tu re ly ,  ovu la te  
and b e c o m e  p re g n a n t ,  th u s  th e  t im ing  o f  t h e i r  r e p ro d u c t iv e  
c y c le s  is l ike ly  to  be s ig n i f i c a n t ly  a f fe c te d  by C l imate  Change, 
a l th o u g h  n o t  n e c e s s a r i l y  to t h e i r  d e t r im en t .  F lowever ,  a ke y  p e r ­
iod is la c ta t io n ,  and a loss o f  2 - 3  days  o f  fe e d in g  due  to in c le ­
m e n t  w e a t h e r  co u ld  lead  to m a jo r  p ro d u c t iv i t y  d ec l ine s .
B a ts  are  l ik e ly  to  fee d  c o n t in u o u s ly  en route, and re q u i re  c o r r i ­
do rs  o f  su i ta b le  hab i ta t ,  e s p e c ia l ly  m o is t  w o o d la n d s ,  w e t la n d s  
and w a te r w a y s .  T hus  th e  m a in te n a n c e  o f  s u i ta b le  m ig ra t io n  
c o r r id o rs  is im p o r ta n t  and c h a n g e s  in w a t e r  re g im e s ,  c o m b in e d  
w i t h  h a b i ta t  f r a g m e n ta t io n ,  m a y  have  s e r io u s  c o n s e q u e n c e s  fo r  
t h e i r  s u c c e s s fu l  m ig ra t io n .  T h e re  is a lso  the  need  to  p ro te c t  key  
ro o s t  s i tes  and in s o m e  a re as ,  p a r t i c u la r l y  C a r ib b ea n  is lands ,  
loss  of c o a s ta l  ca v e  ro o s ts  th ro u g h  s e a - le v e l  r ise  co u ld  be im ­
p or tan t.

Terrestrial Mammals
M ig r a to r y  jo u rn e y s  a re  less  c o m m o n  in te r re s t r ia l  m a m m a ls  tha n  
o th e r  g ro u p s ,  b u t  t h e re  s o m e  s p e c ta c u la r  and w e l l - k n o w n  m i­
g ra t io n s  u n d e r ta k e n  by la rg e  h e rb iv o ro u s  m a m m a ls  t h a t f e e d  on 
s e a s o n a l  g ra s s e s ,  s u c h  as W i ld e b e e s t  and Car ibou.  (The CMS 
a lso  c o v e rs  a n u m b e r  o f  s p e c ie s ,  su c h  as M o u n ta in  G or i l la ,  t h a t  
a re  te rm e d  te c h n ic a l  m ig ra n ts  b e c a u s e  th e y  c ro s s  s ta te  b o u n d a ­
r ies  in the  c o u rs e  o f  th e i r  m o v e m e n ts ,  b u t  do n o t  have  re g u la r  
s e a s o n a l  m ig ra t io n s  in th e  t ra d i t io n a l  sense).
C l ima te  is im p o r ta n t  f o r  th e i r  r e p ro d u c t io n  and s u rv iva l ,  th ro u g h  
im p a c ts  on the  q u a l i t y  and q u a n t i ty  o f  th e i r  foo d  s u p p l ie s ,  and 
ca n  in f lu e n c e  ca lv in g  s u c c e s s  and ju v e n i le  su rv iva l .  C hanges  
in the  m ig ra t io n s  o f  th e s e  la rge  h e rd in g  s p e c ie s  w i l l  have  m a jo r  
im p a c ts  on t h e i r  e c o s y s te m s .  In c re a s e d  g raz ing  in an a rea  w i l l  
a f f e c t  the  v e g e ta t io n  and m a y  lead  to e ro s io n ,  d e c re a s e d  g ra z ­
ing m a y  lead to  e c o lo g ic a l  s u c c e s s io n  and the  e n c r o a c h m e n t  of 
w o o d y  p lan ts  in to  the  g ra ss lan d .  C hanges  in t im ing  and ro u te s  
a re  a lso  l ike ly  to have  m a jo r  im p a c ts  on th e  c o m m u n i t ie s  o f  p re ­
d a to rs  and s c a v e n g e rs  t h a t  re ly  on them .
A s  m a n y  o f  th e s e  m ig ra t io n s  t r a c k  se a s o n a l  c h a n g e s  in v e g e ta ­
t io n ,  th e re  is the  p o te n t ia l  to c o m e  into c o n f l i c t w i t h  h u m a n  p o p u ­
la t ions .  For e x a m p le ,  e le p h a n ts  m a y  m o ve  in to  c u l t iv a te d  a re as  
w i t h  d a m a g in g  im p a c ts  fo r  loca l  fa rm e rs .  F lowever ,  la n d -u se
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p a t te rn s  m a y  a lso p re v e n t  a n im a ls  f ro m  a d a p t in g  th e i r  m ig ra to r y  
ro u te s ,  f o r  e x a m p le  pa rk  b o u n d a ry  f e n c e s  have  been  d e m o n ­
s t ra te d  to d is ru p t  m a jo r  m ig ra to r y  jo u rn e y s ,  le ad in g  to  p o p u la ­
t io n  d e c l in e  in W i ld e b e e s t .

Conservation Priorities
T he  C o nve n t ion  f o r t h e  C o n s e rv a t io n  on M ig r a t o r y S p e c ie s  (CMS) 
has  the  p o te n t ia l  to  p ro v ide  a f r a m e w o r k  t h a t  w i l l  a l lo w  p ar t ies  
to  w o r k  to g e th e r  to  he lp  o v e rc o m e  the  d e v e lo p in g  p ro b le m s  th a t  
a re  l ike ly  to  a r ise  o u t  of C l imate  Change. In p a r t ic u la r ,  the  s h a r ­
ing o f  in fo rm a t io n  and e x p e r t is e  w i l l  be v e ry  im p o r ta n t  m e a ns  of 
s p e e d in g  up the  re s p o n s e s  o f  d i f fe re n t  n a t io n s  to  th e s e  issues. 
W i th in  te r re s t r ia l  s y s te m s ,  tw o  issu es  p o te n t ia l ly  a f f e c t  a la rge  
n u m b e r  o f  m ig ra to r y  s p e c ie s :  c h a n g e s  in w a t e r  re s o u rc e s  and 
th e  loss  o f  v u ln e ra b le  hab i ta ts .  'L e a p '  m ig ra n ts ,  th o s e  t h a t  take  
la rg e  long  d is ta n c e  m ig ra t io n s  w i t h o u t  re fu e l l in g ,  re q u i re  a c o h e ­
re n t  n e t w o r k  o f  s to p o v e r  s i tes ,  and 'b ro a d - f r o n t 'm ig r a n t s  re q u ire  
e x te n s iv e  h a b i ta t  p ro v is io n  a long  th e i r  ro u te s  and m a y  b e n e f i t  
f r o m  in i t ia t iv e s  s u c h  as th e  d e v e lo p m e n t  o f  a g r i -e n v i ro n m e n t  
s c h e m e s  in E urope  and the  M e s o - A m e r ic a n  C o rr id o r  in Centra l  
A m e r ic a .  The m a in te n a n c e  o f  w e t la n d  q u a l i t y  is o f  key  im p o r t ­
a n c e ,  bu t  th e re  are a n u m b e r  o f  h ab i ta ts  t h a t  a re  p a r t i c u la r l y  
t h re a te n e d  by C l ima te  Change:  tu n d ra ,  c lo ud  fo re s t ,  s e a - ic e  and 
lo w - ly in g  c o a s ta l  a reas .  M a n y  o f  th e s e  a re as  a lso f a c e  se ve re  
a n th ro p o g e n ic  th re a ts  and it  w o u ld  h e l p t h e m t o  a d a p t t o  C l imate  
Change  if th e s e  p re s s u re s  w e r e  re d u c e d .
In the  m a r ine  e n v i ro n m e n t ,  the  p r io r i ty  fo r  a d a p t ing  to  C limate 
Change  w i l l  be to m a n a g e  the  h u m a n  im p a c ts  on the  re s o u rc e s  
re q u ired  by m ig ra to ry  s p e c ie s  th ro u g h  e c o s y s te m  based  m a n a ­
g em en t.  The d e s ig n a t io n  o f  m a r in e  p ro te c te d  a re as  (or 'n o ­
take  zones ')  fo r  the  p re y  o f  m a r in e  m a m m a ls  a t  key  s i tes  cou ld  
be va luab le .  H o w e v e r  the  lo c a t io n s  o f  s u c h  a reas  are l ike ly  to 
c h a n g e  o v e r  t im e  and p ro te c t iv e  le g is la t ion  w i l l  re q u ire  a deg re e  
o f  f le x ib i l i t y  to  be e ffec t ive .
In both  te r re s t r ia l  and m a r in e  e n v i r o n m e n ts ,  th e  m a in te n a n c e  of 
la rg e  p o p u la t io n  s izes w i l l  be im p o r ta n t  to  f a c i l i t a te  s u c c e s s fu l  
a d a p ta t io n  to  c h a n g e d  c l im a t ic  fa c to rs .  P op u la t io n s  w i l l  re q u ire  
s u f f i c i e n t  g e n e t ic  v a r ia t io n  w i t h in  th e m  to p ro v ide  the  bas is  fo r  
a d a p t in g  to  n e w  co n d i t io n s .
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The m a in te n a n c e  o f  lo n g - te rm  m o n i to r in g  s c h e m e s  is v i ta l  fo r  
the  id e n t i f i c a t io n  o f  c o n s e rv a t io n  p r io r i t ie s  and in p rov id ing  
b a s e - l in e  da ta  a g a in s t  w h ic h  to m e a s u re  the  im p a c ts  o f  Cli­
m a te  Change. In a d d i t io n ,  s u c h  m o n i to r in g  s c h e m e s  are the  
o n ly  m e a n s  by w h ic h  it  w i l l  be poss ib le  to  d e te c t  u n e x p e c te d  or 
u n p re d ic ta b le  im p a c ts  o f  C l imate  Change  a t  th e i r  e a r ly  s tages .  
M a n y  of th e s e  s c h e m e s  a re  t h re a te n e d  by la c k  o f  re s o u rc e s ,  
and a c o m m i tm e n t  to lo n g - te rm  s u p p o r t  o f  th e s e  s c h e m e s  is 
c r i t i c a l  to  e n s u re  t h e i r  e x is te n c e  and to e n s u re  b e s t  v a lu e  by 
u t i l is ing  ex is t ing  da ta  c o l le c t io n  n e tw o rk s .  T h e re  is a lso a need  
to id e n t i fy  n e w  m o n i to r in g  re q u i r e m e n ts ,  s u c h  as in the  m a r in e  
e n v i r o n m e n t ,  and  to  id e n t i f y  p o te n t ia l ly  use fu l  in d i c a to r  s p e c ie s  
o r  s u i tes  o f  s p e c ie s ,  t h a t  m ig h t  in d ic a te  s i te  c o n d i t io n  and the  
c o n d i t io n  o f  m ig ra t io n  rou tes .  S uch  in d ic a to rs  have  p roved  u s e ­
ful in d r iv in g  p o l ic y  w h e n  c o n s id e r in g  the  im p a c ts  of a g r ic u l tu ra l  
la n d -u s e  c h a n g e  in Europe.
The CM S has a l re a d y  had m a n y  c o n s e rv a t io n  s u c c e s s e s ,  p a r ­
t i c u la r ly  th ro u g h  the  d e v e lo p m e n t  o f  re g io n a l ly  and ta x o n o m i-  
c a l ly  based  a g re e m e n ts  t h a t  a im  to  p ro m o te  th e  c o n s e rv a t io n



of c e r ta in  g ro u p s  o f  m ig ra to r y  w i ld l i fe  t h r o u g h o u t  t h e i r  ra n ge  
s ta tes .  The  in c o rp o ra t io n  o f  C l ima te  Change  c o n s id e ra t io n s  
w i t h in  s p e c i f i c  A g r e e m e n ts  and M e m o ra n d a  o f  U n d e rs ta n d in g  
w i l l  p ro v ide  f le x ib i l i t y  to  a d d re s s  p a r t i c u la r  t h re a ts  to m ig ra to r y  
w i ld l i fe .  Exp lo i t ing  s y n e rg ie s  b e tw e e n  t re a t ie s  and c o n v e n t io n s ,  
fo r  e x a m p le  t h ro u g h  jo in t  w o r k  p ro g ra m m e s ,  w o u ld  p ro v ide  in ­
c re a s e d  v a lue ,  b e t te r  c o o rd in a t io n  and im p ro v e d  fo c u s ,  as w e l l  
as fa c i l i t a t in g  th e  d e v e lo p m e n t  o f  key  p r io r i t ies .

Conclusions and other Issues
M ig ra to r y  w i ld l i fe  is e s p e c ia l ly  v u ln e ra b le  to  the  im p a c ts  o f  Cli­
m a te  C hange, b e c a u s e  the  c h a n g in g  p re s s u re s  can  be fe l t  a t  
d i f fe re n t  po in ts  t h r o u g h o u t  th e i r  l i fe c yc le .  The  w o r ld 's  c l im a te  
is m o v in g  into a p e r iod  of c h a n g e  t h a t  is u n p re c e d e n te d  s in c e  
the  ice  ages  and w e  w i l l  be m o v in g  o u ts id e  the  b o u n d a r ie s  of 
the  data  on w i l d l i f e  re s p o n s e s  t h a t  w e  c u r re n t ly  have ,  as a r e ­
su l t  t h e re  m a y  be c h a n g e s  t h a t  a re  e f fe c t iv e ly  u n p re d ic ta b le  in 
s c a le ,  t im in g  and c o n s e q u e n c e s .  A n o th e r  a s p e c t t h a t i s  d i f f i c u l t  
to a ssess  is the  c o n s e q u e n c e s  o f  the  p o te n t ia l  f o r  the  in c re a s e d  
p re v a le n c e  o f  m o re  e x t re m e  c l im a te  e ve n ts  -  an in c re a s e d  
f r e q u e n c y  o f  s u c h  e ven ts  co u ld  be p a r t i c u la r l y  d a m a g in g  fo r  
m ig ra to r y  w i l d l i f e  as th e y  w i l l  have  re d u c e d  t im e  fo r  p op u la t io n  
r e c o v e ry  b e tw e e n  even ts .  I n te ra c t io n s  w i t h  m an  a re  v e ry  im p o r t ­
ant,  p a r t i c u la r l y  the  a n th ro p o g e n ic  re s p o n s e s  to C l imate  Change  
t h a t  m a y  lead  to  la rg e  c h a n g e s  in la n d -u s e ,  and it  is poss ib le  
t h a t  c h a n g e s  in th e  d is t r ib u t io n s  o f  m ig ra to r y  s p e c ie s  a re  l ike ly  
to a f f e c t  m an  e c o n o m ic a l l y  and p ro v ide  in c re a s e d  c o n f l i c t  w i th  
his in te res ts .
A d a p ta t io n  p o l ic ie s  a re  l ike ly  to  be v e ry  he lp fu l  in te r re s t r ia l  h a b i ­
ta ts ,  b u t  s u c h  re s p o n s e s  a re  m ore  d i f f i c u l t  to im p le m e n t  in the  
m a r in e  e n v i ro n m e n t .  H o w e v e r ,  the  CM S p ro v id e s  an e x c e l le n t  
m e c h a n is m  fo r  the  d e v e lo p m e n t  o f  su i ta b le  s t ra te g ie s  to im p ro v e  
the  c a p a c i t y  o f  m ig ra to r y  w i l d l i f e  to  a d a p t  to C l im a te  Change.
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1. Introduction
Climate  c h a n g e  is one  o f  the  m a jo r  f a c to r s  l ike ly  to  a f f e c t  the  
e a r th 's  e c o s y s te m s  in the  c o m in g  d e c a d e s .  The  in c re a s e  in 
g lob a l  t e m p e ra tu r e  in the  20th c e n tu r y  w a s  the  la rg e s t  in any  
c e n tu r y  d u r ing  th e  p a s t  1,000 y e a rs  and th is  has been  a s s o c ia t ­
ed w i t h  c h a n g e s  in w e a t h e r  p a t te rns ,  p re c ip i ta t io n ,  s n o w  cover ,  
s e a - te m p e ra tu re s  and sea- leve l .
T h e re  is a l re a d y  c o m p e l l in g  e v id e n c e  t h a t  a n im a ls  and p lan ts  
have  been  a f fe c te d  by re c e n t  c l im a te  c h a n g e .  M ig r a to r y  s p e ­
c ie s ,  by t ra v e l l in g  la rg e  d is ta n c e s ,  be ing  s u b je c t  to a w id e  range  
o f  e n v i r o n m e n ta l  in f lu e n c e s  and re ly ing  on a w id e  ra n g e  o f  n a ­
tu ra l  r e s o u rc e s ,  a re  p a r t i c u la r l y  l ike ly  to  be a f fe c te d  by c l im a te  
c h a n g e  a t  so m e  p o in t  in th e i r  l i fe c y c le s .  T h es e  m a y  be e f fe c ts  
t h a t  a p p ly  to all  s p e c ie s  in t h a t  a re a ,  o r  e f fe c ts  t h a t  a re  s p e c i f ic  
to  m ig ra n ts
Th is  r e v ie w  a im s  to (i) a ssess  the  s t re n g th  o f  c u r r e n t  s c ie n t i f ic  
e v id e n c e  o f  l inks  b e tw e e n  c l im a te  c h a n g e  and m ig ra to r y  s p e ­
c ie s '  beh a v iou r ,  a b u n d a n c e  and d is t r ib u t io n ,  (ii) id e n t i f y  w h a t  
e f fe c ts  c l im a te  c h a n g e  has had, and m a y  h ave  in th e  fu tu re ,  on 
m ig ra to r y  s p e c ie s  (iii) id e n t i fy  w h ic h  s p e c ie s  a re  th re a te n e d  
by c l im a te  c h a n g e  and c o m m e n t  on th e  m e a s u re s  p ro p o s e d  to 
t a c k le  s u c h  th re a ts  and (iv) c o m m e n t  on th e  re l ia b i l i t y  or u n c e r ­
ta in ty  o f  p re d ic te d  e f fec ts .
T he  UK G o v e rn m e n t  is p a r ty  to  a n u m b e r  o f  in te rn a t io n a l  t re a t ie s  
and a g re e m e n ts  t h a t s e e k t o  p ro m o te  and m a in ta in  the  c o n s e rv ­
a t ion  s ta tu s  o f  m ig ra n t  s p e c ie s  o f  w i l d l i f e  and De fra  ta k e s  a lead 
ro le  f o r  the  G o v e rn m e n t  in th e s e  a re as ,  w i t h  the  C o nve n t ion  on 
th e  C o n se rv a t io n  o f  M ig ra to r y  S p e c ie s  o f  W i ld  A n im a ls  (CMS) 
be ing  th e  p r im a ry  in s t ru m e n t  of in te res t .  In th is  re v ie w ,  w e  fo c u s  
on m ig ra to r y  s p e c ie s  w h ic h  o c c u r  in the  U.K. or its O verseas  
T e r r i to r ie s  (UKOTs).

For th e  p u rp o s e s  o f  th is  re v ie w ,  w e  f o l l o w  the  CM S in de f in in g  
a m ig ra to r y  s p e c ie s  as one in w h ic h  'a s ig n i f i c a n t  p ro p o r t io n  of 
w h o s e  m e m b e rs  c y c l i c a l l y  and p re d ic ta b ly  c ro s s  one  o r  m ore  
n a t io n a l  ju r is d ic t io n a l  b o u n da r ie s ' .
A l th o u g h  c l im a te  c h a n g e  m a y  have  e f fe c ts  on in d iv id ua l  p a t te rns  
of b e h a v io u r  and p hys io logy ,  f ro m  a c o n s e rv a t io n  p e rs p e c t iv e  
im p a c ts  on p o p u la t io n  size and d y n a m ic s  are o f  m o s t  in te res t .  
Thus  c h a n g in g  c l im a t ic  f a c to r s  a re  m o s t  re le v a n t  if th e y  im p a c t  
on an o rg a n is m 's  c a p a c i t y  to su rv ive  o r t o  re p ro d u c e .  W e  use the  
te rm  ' im p a c t '  w h e r e  a c o n s e q u e n c e  fo r  p o p u la t io n  size is l ike ly, 
an e f f e c t  w h e r e  s p e c ie s  b io lo g y  is a l te re d ,  b u t  n o t  p op u la t io n  
size d irec t ly .

2. Legislative Framework
The p r im a ry  i n s t r u m e n t f o r  m ig ra to r y  s p e c ie s  c o n s e rv a t io n  is the  
C o nve n t ion  on the  C o n se rv a t io n  o f  M ig r a to r y  S p e c ie s  o f  W i ld  
A n im a ls ,  s ig ne d  in B on n ,  G e rm a n y  in D e c e m b e r  1979, and s in c e  
ra t i f ie d  by 91 p a r t ies  (as a t  1 J u ly  2005; w w w . c m s . in t ), [101 p a r ­
t ies  by 1 J a n u a ry  2007], Ind e ed ,  it  is th e  o n ly  g loba l  in te r g o v e r n ­
m e n ta l  c o n v e n t io n  t h a t  is e s ta b l is h e d  e x c lu s iv e ly  f o r  th e  c o n s e r v ­
a t ion  and m a n a g e m e n t  o f  m ig ra to r y  sp ec ie s .  I t  is a f r a m e w o r k  
d o c u m e n t  s u p p o r te d  by a S e c r e ta r ia t  u n d e r  the  a u s p ic e s  o f  the  
Un ited  N a t io n s  E n v i ro n m e n t  P ro g ra m m e  and p ro g re s se d  th ro u g h  
a t r ie n n ia l  C o n fe re n c e  o f  Par t ies.
The CM S re c o g n is e s  t h a t  s ta te s  have  a d u ty  to  p ro te c t  m ig ra t ­
o ry  s p e c ie s  t h a t  l ive w i t h in  o r  pass th ro u g h  th e i r  ju r is d ic t io n a l  
b o u n d a r ie s  and t h a t  t h e i r  e f fe c t iv e  m a n a g e m e n t  re q u i re s  c o n ­
c e r te d  a c t io n  f ro m  all s ta te s  in w h ic h  a s p e c ie s  sp e n d s  a n y  p a r t  
of its l i f e -c y c le  (the 'R a ng e  S ta tes ') .  It p ro v id e s  f o r  the  p ro te c t io n  
of e n d a n g e re d  s p e c ie s  ( l is ted  on A p p e n d ix  I) and fo r  th o s e  th a t  
w o u ld  b e n e f i t  f r o m  in te rn a t io n a l ly  c o -o rd in a te d  e f fo r ts  (A p p e n ­
d ix  II).
The s t re n g th  o f  the  CM S is in its f r a m e w o r k  n a tu re ,  u n d e r  w h ic h  
d a u g h te r  a g re e m e n ts  c a n  be c o n c lu d e d  to p ro v ide  s p e c i f i c  c o ­
v e ra g e  f o r  p a r t i c u la r  g roups .  To da te ,  s ix  le g a l ly  b ind ing  A g r e e ­
m e n ts  and se ven  [e igh t ]  fo rm a l  (bu t  n o n -b in d in g )  M e m o ra n d a  of 
U n d e rs ta n d in g  (M o U )  b e tw e e n  a p p ro p r ia te  Range S ta tes  have 
been  c o n c lu d e d .
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The A g r e e m e n ts  c o v e r  E u rop e an  s p e c ie s  o f  bats  and c e ta c e a n s ,  
sea ls  in the  W a d d e n  Sea and t w o  g ro u p s  of b irds ,  the  o c e a n ic  
a lb a t ro s s e s  and p e t re ls  and m ig ra to r y  w a te r b i r d s  t h a t  use  the  
A f r ic a n -E u ra s ia n  f lyw a y .
The M o U  c o v e r  m a r in e  tu r t le s  (in A f r i c a n  w a te r s  and the  Ind ian  
O cean),  f o u r  s p e c ie s  o f  b irds  (S ib e r ia n  Crane Grus leucogera- 
nus, S le n d e r -b i l le d  C u r le w  Numenius tenuirostris, G re a t  B us ta rd  
Otis tarda and A q u a t i c  W a r b le r  Acrocephalus paludicola) and 
one te r re s t r ia l  m a m m a l  (B u k ha ra  D e e r  Cervus elaphus bactria­
nus]i [ tw o  te r re s t r ia l  m a m m a ls  (B u k h a ra  D e e r  Cervus elaphus 
bactrianus and Saiga  A n te lo p e  Tatarica tatarica] and c e ta c e a n s  
in the  Pac i f ic . ] .
The C o nve n t ion  on B io lo g ic a l  D iv e rs i ty  (CBD, w w w .b io d i v . o r g ) 
d ra w n  up a t  the  Earth S u m m i t  in Rio de J a n e i ro  in 1992 has 
been  ra t i f ie d  by 188 s ta te s  and e n d o rs e d  th e  a im  o f  a ch ie v in g  
'b y  2010 a s ig n i f i c a n t  r e d u c t io n  o f  th e  c u r r e n t  ra te  o f  b io d iv e rs i ty  
loss a t  th e  g lob a l ,  re g io n a l  and n a t io n a l  level as a c o n t r ib u t io n  
to p o v e r ty  a l le v ia t io n  and to  th e  b e n e f i t  o f  all l i fe on e a r th ' .  The 
UK has been  s u c c e s s fu l  in a g re e in g  A c t i o n  P lans (w w w . u k b a p . 
o rg .uk) f o r  391 s p e c ie s ,  s o m e  c o v e re d  by CM S and s o m e  h a b i ­
ta ts  used by m ig ra to r y  s p e c ie s .  P ro g re ss  in the  UK O verseas  
Te r r i to r ie s  (UKOTs) has  been  s lo w e r  (and the  B r i t ish  A n ta r c t i c  
and Ind ian  O cean  T e r r i to r ie s  are  e x c lu d e d ) ,  b u t  sh ou ld  be e n ­
h a n c e d  th ro u g h  the  la u n c h ,  in 2003, o f  th e  O ve rsea s  T e r r i to r ie s  
E n v i ro n m e n t  P ro g ra m m e  to  s u p p o r t  the  im p le m e n ta t io n  o f  the  
E n v i ro n m e n t  C ha r te rs  w i t h in  e a c h  T e r r i to ry  as w e l l  as M u l t i l a t e ­
ral E n v i ro n m e n t  A g re e m e n ts .
O ther in s t ru m e n ts  t h a t  a f f e c t  m ig ra to r y  s p e c ie s  in c lu d e  the  Con­
ve n t io n  on In te rn a t io n a l  Trade in E ndange red  S p e c ie s  of W i ld  
Fauna and Flora (CITES, w w w .c i t e s . o r g ), the  Un ited  N a t ion s  Con­
ve n t io n  on the  L a w o f t h e  Sea (f ish and c e ta c e a n s ) ,  the  M ig ra to r y  
B ird  T rea ty  A c t  (N or th  A m e r ic a  only, h t tp : / /m ig ra to ry b i rd s . fw s . 
gov) and the  C onven t ion  on W e t la n d s  of In te rn a t io n a l  Im p o r ta n c e  
E spe c ia l ly  as W a te r fo w l  H a b i ta t  (Ramsar, w w w . r a m s a r .o r g ). This 
la t te r  is p a r t i c u la r l y  im p o r ta n t  fo r  m ig ra to ry  b irds ,  as m o s t  w a t e r ­
fo w l  a re  m ig ra to ry .  A lso  re le van t ,  p a r t i c u la r l y  fo r  c o n s e rv in g  
h a b i ta t  used by m ig ra to r y  s p e c ie s  are  the  E u ropean  W i ld  B irds  
(79/409/EEC) and H ab i ta ts  (92/43/EEC) D i rec t ive s ,  the  Bern  Con­
ve n t io n  on the  C o nse rva t io n  of European  W i ld l i f e  and N a tu ra l  
H ab i ta ts  and A n ta r c t i c  t re a t ie s ,  su c h  as the  C om m iss ion  fo r  the  
C o nse rva t ion  o f  A n ta r c t i c  M a r in e  Living Resou rces .

The  R a m sa r  C o nv e n t ion  is the  o n ly  in te rn a t io n a l  in s t ru m e n t  
p ro te c t in g  m ig ra to r y  s p e c ie s  t h a t  m a k e s  e x p l i c i t  r e fe r e n c e  to 
c l im a te  c h a n g e  c a l l in g  upon  p a r t ies ,  inter alia, to  'm a n a g e  w e t ­
lands  to in c re a s e  th e i r  re s i l i e n c e  to c l im a te  c h a n g e  and e x trem e  
c l im a t ic  e ven ts ,  and to  re d u c e  the  r isk  o f  f lo o d in g  and d ro u g h t  in 
v u ln e ra b le  c o u n t r ie s ,  th ro u g h  p ro m o t in g  w e t la n d  and w a te r s h e d  
and p ro te c t io n s '  and to  'm a k e  e v e ry  e f fo r t  w h e n  im p le m e n t in g  
th e  Kyoto  p ro to c o l ,  in c lu d in g  re -v e g e ta t io n  and a f fo re s ta t io n ,  
t h a t  th is  im p le m e n ta t io n  d oe s  n o t  lead  to  s e r io u s  d a m a g e  to  the  
e c o lo g ic a l  c h a r a c te r  o f  t h e i r  w e t la n d s ' .  W e t la n d s  p ro v ide  c r i t i ­
ca l s to p o v e r  a re a s  fo r  m a n y  b ird s p e c ie s  l is ted  on the  CMS.

3. Projected Climate Change
Our c l im a te  is c h a n g ing .  The  g loba l  a v e rag e  s u r fa c e  te m p e ra tu re  
has in c re a s e d  o v e r  the  20th C e n tu ry  by a ro un d  0.6°C and p re c ip ­
i ta t ion  has in c re a s e d  o ve r  the  s a m e  per iod ,  p a r t i c u la r l y  ove r  
m id -  and h ig h - la t i tu de s .  T h es e  have had s e c o n d a ry  im p a c ts ,  fo r  
in s ta n c e  the  e x te n t  o f  ice  c o v e r  has  d e c re a s e d  and g loba l sea- 
level is r is ing . S uch  c h a n g e s  are d e m on s t ra b le .
The  c l im a te  s y s te m  c o m p r is e s  o f  a n u m b e r  o f  c o m p o n e n ts :  the  
a tm o s p h e re ,  o c e a n s ,  land  s u r fa c e ,  c ry o s p h e re  ( ice  a re as )  and 
b io s p h e re  ( in c lu d in g  h um an  in f lue n c es ) .  Each o f  th e s e  s ys te m s  
is th e  re s u l t  o f  a la rg e  a r ra y  o f  d r iv e rs ,  and c l im a te  is a re s u l t  of 
c o m p le x  in te ra c t io n s  b e tw e e n  e a c h  o f  the  c o m p o n e n ts .  G lobal 
C l ima te  M o d e ls  (GCM), w h ic h  s im u la te  th e  p h y s ic a l  p ro c e s s e s  
in v o lv ed ,  are  used to  p re d ic t  fu tu re  c h a n g e s  u n d e r  g iven  s c e n ­
a r ios  of p oss ib le  c h a n g e s  in g re e n h o u s e  gas and o th e r  a e ro ­
so l e m iss io n s .  Reg iona l  C i rc u la t io n  M o d e ls ,  w h ic h  build  deta i l  
on to  a G CM  f r a m e w o r k ,  have  been  used in c e r ta in  a re as ,  su c h  
as the  UK, to  p ro v id e  m o re  d e ta i le d  in fe re n c e  o f  fu tu re  c l im a te  
ch a n g e s .
The  In te rg o v e rn m e n ta l  Panel on Cl imate  Change  (IPCC) w a s  
fo rm e d  by the  W o r ld  M e te o ro lo g ic a l  O rg an isa t ion  and the  United 
N a t io n s  E n v i ro n m e n t  P ro g ra m m e ,  to  p rov ide  a c o -o rd in a te d  and 
b ro a d ly  ag ree d  c o n s e n s u s  v ie w  on g loba l  c l im a te  p ro c e ss e s .  A s  
p a r t  of its Th ird  A s s e s s m e n t  Report ,  it d e v e lo p e d  a se r ie s  of m a rk ­
e r  s c e n a r io s  (or a l te rn a t iv e  fu tu re s ) ,  w h ic h  c a p tu re  the  b road 
ra n ge  of v a r ia b i l i t y  o f  all s c e n a r io s  th a t  have  been  p re sen ted  
in the  l i te ra tu re ,  f o r  use as a bas is  in p re d ic t in g  th e  a m o u n t  of 
g re e n h o u s e  e m is s io n s  and s u b s e q u e n t  c l im a te  c h a n g e .  T hese
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s c e n a r io s  d e s c r ib e  b road  d ic h o to m ie s  b e tw e e n  d e v e lo p m e n t  
o f  e c o n o m ic  and e n v i r o n m e n ta l  o b je c t iv e s  and b e tw e e n  g loba l 
and re g io n a l  d e v e lo p m e n t .  Each n a r ra t iv e  a s s u m e s  a d is t in c t ly  
d i f fe re n t  d i re c t io n  f o r  fu tu re  d e v e lo p m e n ts ,  bu t  to g e th e r  th e y  e n ­
c o m p a s s  the  ra n ge  o f  u n d e r ly in g  u n c e r ta in t y  in th e  d e v e lo p m e n t  
o f  th e  m a in  d r iv in g  fo r c e s  b eh ind  c l im a te  c h a n g e .  No l ike l ih o od  
of  o c c u r r e n c e  can  be a ss ig n e d  to  e a ch  of th e s e  n a r ra t iv e s ,  so 
e a c h  is c o n s id e re d  e q u a l ly  p laus ib le .
In c l im a te  c h a n g e  m o d e ls ,  to  avo id  the  e f fe c ts  o f  a nnua l  f l u c ­
tu a t io n ,  m ode l re su l ts  a re  u s u a l ly  a ve ra g e d  o ve r  a per iod 
o f  ye a rs .  Thus ,  s im u la t io n s  u s u a l ly  run f ro m  the  'p re s e n t '  
(1961 -1990) unt i l  the  per iod  2070-2099,  re fe r re d  to  as the  2080s. 
G lobally ,  t e m p e ra tu re s  are  e x p e c te d  to  in c re a s e  o v e r  the  n e x t  
c e n tu ry ,  w i t h  the  p ro je c te d  in c re a s e  e x p e c te d  to be s o m e w h e re  
in the  re g ion  o f  1.4 to 5.8 °C. Th is  p ro je c te d  ra te  of w a rm in g  is 
m u c h  la rg e r  th a n  the  obse rve d  c h a n g e s  d u r ing  the  20th cen tu ry .  
W a rm in g  is l ike ly  to be g re a te s t  o ve r  land  a reas ,  p a r t i c u la r l y  at 
n o r th e rn  h igh  la t i tud e s  in w in t e r  and lo w e s t  in s o u th e a s t  As ia  
(sum m er)  and s o u th e rn  South  A m e r ic a  (w in te r) .  G lobal ave rag e  
p re c ip i ta t io n  is a lso l ike ly  to in c re a s e  dur ing  the  21st c e n tu ry ,  h o w ­
ever, th e re  is l ike ly  to  be m u c h  re g ion a l  and se a so n a l  va r ia t io n  
and th e re  is a lso m ore  u n c e r ta in ty  in the  m a g n i tu d e  of ch an g e .  
P re d ic t io n s  f o r  sm a l l  is land  te r r i to r ie s  (su ch  as th e  UKOTs) f ro m  
la rg e -s c a le  G C M s a re  u n c e r ta in .  T he  p ro je c te d  d e g re e  of w a r m ­
ing is s im i la r  a c ro s s  UKOTs (in th e  o rd e r  o f  1 to 3 °C, b u t  p os s ib ly  
h igh e r) ,  w i t h  th e  t w o  te r r i t o r ie s  in th e  M e d i te r r a n e a n  reg ion  
(G ib ra l ta r  and the  Cyprus  SAFB) l ike ly  to  e x p e r ie n c e  a g re a te r  
d e g re e  o f  w a rm in g ;  th e  S ou th  A t la n t ic  Is la nd s  s h o w  le a s t  p ro ­
je c te d  w a rm in g .  P re c ip i ta t io n  leve ls  are l ike ly  to  d e c re a s e  g e n ­
e ra l ly  in th e  tw o  M e d i te r r a n e a n  te r r i to r ie s .  A m o n g s t  the  C a r ib ­
bean  te r r i to r ie s ,  p ro je c t io n s  a re  m ixed ,  bu t  th e re  is a t e n d e n c y  
t o w a r d s  an in c re a s e  in p re c ip i ta t io n  in the  a u tu m n  and w in t e r  
m o n th s  (S e p te m b e r  th ro u g h  Februa ry )  and a d e c re a s e  in the  
s u m m e r  m on ths .
T he  C a r ib b ea n  te r r i t o r ie s  w i l l  be in f lu e n c e d  by c h a n g e s  in the  
El N iño  S o u th e rn  O s c i l la t io n  (ENSO), in f lu e n c e s  t h a t  w i l l  o c c u r  
m o re  b road ly .  W a r m  e p is o d e s  o f  ENSO have  been  m o re  f r e ­
q ue n t ,  p e r s is te n t  and in te n s e  s in c e  th e  m id-1970s,  le ad in g  to 
g re a te r  e x t re m e s  o f  d ry ing  and h e a v y  ra in fa l l  and  in c re a s in g  the  
r isk  o f  d ro u g h ts  and f lo od s .  I t  is u n c e r ta in  w h e t h e r  th e re  w i l l  be 
an in c re a s e  in th e  f r e q u e n c y  o f  t ro p ic a l  c y c lo n e s ,  b u t  it  is l ike ly
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th e s e  w i l l  b e c o m e  m o re  in ten s e ,  w i t h  g re a te r  p e a k  w in d  s p ee d s ,  
m o re  in ten se  ra in fa l l  and g re a te r  s to rm  su rges .
C l ima te  c h a n g e  s c e n a r io s  a lso  s u g g e s t  the  N o r th  A t la n t ic  O sc i l ­
la t ion  (NAO) w i l l  b e c o m e  m ore  pos i t ive  in the  fu tu re ,  re s u l t in g  in 
m o re  w e t ,  w in d y ,  m i ld  w in t e r s  a long  the  n o r th  e a s te rn  A t la n t ic  
s e a b o a rd .  A s s o c ia te d  w i t h  th e s e  s h i f ts  in la rg e -s c a le  c l im a te  
p a t te rn s  th e re  is l ike ly  to be a g re a te r  f r e q u e n c y  in th e  fo rm a t io n  
o f  s to rm s ;  w in d  s p e e d s  and w a v e  size have  in c re a s e d  o v e r  the  
N o r th  Sea.
T h e re  is c o n s e n s u s  on the  b road  p a t te rn  o f  c l im a t ic  c h a n g e s  
in the  UK and Europe. T e m p e ra tu re s  are l ike ly  to in c re a s e  (see 
b e lo w ) ,  p re c ip i ta t io n  w i l l  d e c re a s e  in s u m m e r  and in c re a s e  in 
w in t e r  and the  f r e q u e n c y  and s e v e r i t y  o f  e x t re m e  e v e n ts  (e.g. 
f lo o d s ,  s to rm s )  w i l l  in c re a se .  The  UK c l im a te  is a l re a d y  b e g in n ­
ing to  a l te r  in th e s e  d ire c t io n s ,  th o u g h  th e s e  c h a n g e s  m a y  st i l l  
be w i t h in  the  'n o r m a l '  ra n ge  o f  va r iab i l i ty .
A s  the  UK is h om e  to  m a n y  m ig ra to r y  b irds  f ro m  S c a n d in a v ia  
and the  A r c t i c  ( th a t  sp en d  th e i r  w in t e r  in the  UK) and s o m e  UK 
b re e d e rs  s p en d  the  w in t e r  in s o u th e rn  Europe  o r  A f r ic a ,  the  
c l im a te  in th e s e  a re as  a lso  n ee d s  to be c o n s id e re d .  T e m p e ra ­
tu re s  a re  l ike ly  to  in c re a s e  m a rk e d ly  in n o r th e rn  la t i tu d e s  and in 
A f r ic a .  P re c ip i ta t io n  in A f r ic a ,  u po n  w h ic h  v e g e ta t io n  is p a r t i c u ­
la r ly  d e p e n d e n t ,  is l ike ly  to  d e c re a s e ,  p a r t i c u la r l y  in w e s te r n  and 
s o u th e rn  A f r ic a ,  w h e r e  m o s t  o f  th e  UK bird p o p u la t io n s  spend  
the  b o rea l  w in te r .
G loba l o c e a n  h e a t  c o n te n t  has  in c re a s e d  s ig n i f i c a n t ly  s in c e  the  
late 1950s, w i t h  m o re  th a n  h a l f  o f  th is  in c re a s e  in the  u p p e r  300 m 
o f  the  o cea n .  T he  N o r th  Sea is a lso  w a rm in g ,  w i t h  an in c re a s e  in 
a n n u a l ly  a v e ra g e d  te m p e ra tu r e  o f  a b o u t  0.6°C o v e r  the  p a s t  70 to 
100 y e a rs ,  m o s t  o c c u r r in g  in th e  la s t  20 y e a rs .  The  te m p e ra tu re  
o f  UK c o a s ta l  w a t e r s  w i l l  c o n t in u e  to r ise, a l th o u g h  n o t a s  ra p id ly  
as o v e r  land.
T h e re  has  been  a re t r e a t  o f  s e a - ic e  e x te n t  in th e  A r c t i c  sp r in g  
and s u m m e r  by a b o u t  10 to  15% and a 40%  d e c l in e  in s e a - ic e  
th ic k n e s s .  In th e  A r c t i c  m o re  f r e s h w a t e r  f ro m  m e lt in g  s n o w  and 
ice  w i l l  be re le as e d  in to  the  N o r th  A t la n t ic ,  t h ro u g h  th e  Fram 
S tra i t  b e tw e e n  n o r th -e a s te rn  G re e n la n d  and S v a lba rd ,  w h ic h  
m a y  e x e r t  a s t ro ng  in f lu e n c e  on s a l in i ty  in th e  N o r th  A t la n t ic  and 
a l te r  la rg e -s c a le  c u r re n ts  and c i r c u la t io n .  M o s t  m o d e ls  s h o w  a 
w e a k e n in g  o f  th e  th e rm o h a l in e  c i r c u la t io n  in the  N o r th  A t la n t ic  
le ad in g  to  a r e d u c t io n  o f  h e a t  t r a n s p o r t  in to  h igh  la t i tu d e s  o f  the



N o r th e rn  H e m is p h e re ;  s c e n a r io s  p r e d ic t a  w e a k e n in g  o f  th e  Gulf  
S trea m , p e rh a p s  by as m u ch  as 25% by th e  2080s; it  is u n l ik e ly  to 
s top  c o m p le te ly .
C hanges  in s e a w a t e r  s a l in i ty  a re  e x p e c te d ,  b u t  th e s e  w i l l  be 
re g io n a l ly  v a r ia b le ,  and d e p e n d e n t  on c i r c u la t io n  pa t te rns .  For 
e x a m p le ,  th e  s a l in i ty  o f  S c o t t is h  o c e a n ic  w a te r s  has g e n e ra l ly  
in c re a s e d ,  in d ic a t in g  th e  a rr iva l  o f  w a rm e r ,  s a l t ie r  w a t e r s  f ro m  
fu r th e r  so u th  in the  A t la n t ic ,  h o w e v e r  in th e  s o u th e rn  N o r th  Sea 
f is h ing  a re a s  th e re  is an a p p a re n t  t re n d  o f  d e c re a s in g  sa l in i ty  
l inked to  in c re a s in g  f r e s h w a t e r  in p u ts  f ro m  c o a s ta l  r ivers .
Tide g au g e  data  s h o w t h a t  g loba l  a v e ra g e  sea leve l ro se  b e tw e e n
0.1 and 0.2 m d u r ing  the  20th c e n tu ry ;  in the  UK sea leve l has  r isen  
by 0.1 m. G loba l m e a n  sea  level is p ro je c te d  to r ise by 0.09 to  0.88 
m by the  2080s, t h ro u g h ,  fo r  e xa m p le ,  the  g e o g ra p h ic a l  v a r ia t io n  
in th e rm a l  e x p a n s io n  and c h a n g e s  in sa l in i ty ,  w in d s  and o c e a n  
c i r c u la t io n ;  re g ion a l ly ,  th e re  is m u c h  v a r ia t io n .  S e a - le v e l  r ise w i l l  
be an im p o r ta n t  c o n s id e ra t io n  fo r  lo w - ly in g  c o a s ta l  s ta te s  (such  
as m a n y  of th e  UKOTs).

4. Impacts of Climate Change -  
General Patterns

The k n o w le d g e  o f  the  l ike ly  im p a c ts  of c l im a te  c h a n g e  va r ie s  
g re a t ly  b e tw e e n  ta x o n o m ic  g roups .  T h e re  is m u ch  k n o w le d g e ,  
and so m e  d e g re e  o f  c o n f id e n c e  a b o u t t h e  im p a c ts  on bird p o p u ­
la t ions ,  less  so fo r  all o th e r  g ro up s .  The g e n e ra l  p a t te rn s  no ted  
here  a re  e x p a n d e d  in the  n e x ts e c t i o n .
M a n y  o f  the  im p a c ts  o f  a c h a n g in g  c l im a te  w i l l  a p p ly  to s p e c ie s  
i r re s p e c t i v e  o f  t h e i r  m ig ra to r y  s ta tu s ,  th u s  c o n s id e ra t io n  o f  m i ­
g ra to ry  s p e c ie s  c a n n o t  be d on e  in is o la t ion  f ro m  n o n -m ig ra to ry  
taxa . H o w e v e r ,  m ig ra to r y  s p e c ie s  fa c e  a d d i t io n a l  c o n s t ra in ts  
re la t ing  to  th e  le ng th  o f  the  m ig ra to r y  jo u r n e y  and c o n d i t io n s  
e/7 route, p a r t i c u la r l y  th e  lo c a t io n  and q u a l i t y  o f  s to p o v e r  a reas ,  
w h e r e  s u f f i c i e n t  foo d  m u s t  be a va i la b le  fo r  the  n e x t  leg o f  the  
jou rney .
A  use fu l  d is t in c t io n  is b e tw e e n  'b r o a d - f r o n t '  m ig ra n ts ,  w h ic h  
m ig ra te  in s h o r t  hops ,  s to p p in g  f r e q u e n t ly  on ro u te ,  and o ften  
have  g e o g ra p h ic a l ly  d i f fu se  m ig ra t io n  ro u te s  (m o s t  bats ,  in s ec ts ,  
p a s s e r in e  b irds  and m a r in e  a n im a ls )  and ' le a p '  m ig ra n ts ,  w h ic h  
m ig ra te  in lo n g -h a u l  jo u rn e y s  s to p p in g  a t  o n ly  a fe w ,  u sua l ly

d is c re te ,  s i tes ,  s u c h  as w e t la n d s ,  o f ten  in la rg e  n u m b e rs ;  the  
p r im a ry  e x a m p le  of th e s e  w o u ld  be m ig ra t in g  s h o re b i rd s  and 
w a te r fo w l .

S p e c ie s  have  th re e  p oss ib le  re s p o n s e s  to c l im a te  c h an g e :  
(i) c h a n g e  g e o g ra p h ic a l  d is t r ib u t io n  to  t r a c k  e n v i ro n m e n ta l  
c h a n g e s ;  (ii) re m a in  in the  s a m e  p lace  b u t  c h a n g e  to m a tc h  the  
n e w  e n v i r o n m e n t ,  th ro u g h  e i th e r  a b e h a v io u ra l  re s p o n s e ,  su c h  
as s h i f ts  in p h e n o lo g y  ( fo r  e xa m p le  t im in g  of g ro w th ,  b re ed in g  
e tc .)  o r  a g e n e t ic  re s p o n s e ,  s u c h  as an in c re a s e  in the  p ro p o r ­
t io n  o f  h e a t  t o le r a n t  in d iv id ua ls ;  o r  (iii) e x t in c t io n .  E xam p les  of 
g e o g ra p h ic a l  s h i f ts  and b e h a v io u ra l  c h a n g e s  as a re s p o n s e  to 
c h a n g in g  c l im a te s  h ave  been  d o c u m e n te d ,  b u t  no s p e c ie s  has 
u n a m b ig u o u s ly  b e c o m e  e x t i n c t  b e c a u s e  o f  a c h a n g in g  c l im a te  
y e t ,  a l th o u g h  the  G o lden  Toad Bufo periglenes m a y  be one  su c h  
c a se  and m a n y  are p re d ic te d .
M a n y  o f  th e  im p a c ts  o f  a c h a n g in g  c l im a te  are l ike ly  to  be s p e ­
c ie s - s p e c i f i c  and re la te d  to p a r t i c u la r  e c o lo g ic a l  a s p e c ts  of 
in d iv id u a l  ta xa ,  n e c e s s i ta t in g  a s p e c ie s -b a s e d  a p p ro a c h .  H o w ­
ever, s o m e  im p a c ts  w i l l  be im p o r ta n t  a c ro s s  all , o r  s o m e ,  s p e c ie s  
g roups .
C h an g es  in ra n g e  are p e rh a p s  the  m o s t  w id e ly  d o c u m e n te d  e f ­
f e c t  o f  c l im a te  c h a n g e  and h ave  been  d e m o n s t ra te d  in a n u m b e r  
o f  g ro up s .  S uc h  c h a n g e s  a re  re la t iv e ly  e a s y  to  m e a s u re  and be ­
c a u s e  c l im a te  is a f u n d a m e n ta l  d e te rm in a n t  of w h e t h e r  an area 
is s u i ta b le  f o r  o c c u p a n c y .
F u r the r  c h a n g e s  in d is t r ib u t io n  a re  p re d ic te d ,  o f te n  us ing  an 
'e n v e lo p e '  a p p ro a c h ,  i.e. d e f in in g  c u r r e n t  b io c l im a t ic  h a b i ta ts  
o c c u p ie d  and m o d e l l in g  h o w  th e s e  s h i f t  h o w e v e r ,  h a b i ta t  o c c u ­
p a n c y  (and o the r)  re la t io n s h ip s  m a y  c h a n g e  in fu tu re ,  p a r t i c u la r ­
ly if f u tu re  c o n d i t io n s  a re  o u ts id e  th e  c u r re n t ly  o b s e rv e d  range .  
U n d e rs ta n d in g  the  a c tu a l  m e c h a n is m s  and p o p u la t io n  p ro c e s s e s  
b eh ind  the  o b s e rv e d  p a t te rn s  w i l l  be the  o n ly  w a y  to  u n d e rs ta n d  
h o w  th e s e  re la t io n s h ip s  w i l l  o p e ra te  in fu tu re .
C h an g es  in p re y  d is t r ib u t io n  a re  e q u a l ly  c o m m o n  ( th ou g h  s o m e ­
t im e s  less  w e l l  d o c u m e n te d  b e c a u s e  o f  p o o re r  da ta ) and w i l l  
have  w id e s p r e a d  e f fe c ts  on the  d is t r ib u t io n  and s u rv iv a l  o f  s p e ­
c ie s  a t  h ig h e r  t ro p h ic  leve ls  (i.e. p reda to rs ) .  T h es e  c h a n g e s  m ig h t  
be s p a t ia l  ( th ro ug h  c h a n g e s  in ran ge ) ,  o r  te m p o ra l  ( th ro u g h  d i f ­
fe re n t ia l  c h a n g e s  in d e v e lo p m e n t  ra tes ) ,  and  lead to  a m is m a tc h  
b e tw e e n  p re y  a b u n d a n c e  and th e  need  f o r  re s o u rc e s .
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H a b i ta t  loss  and ,  im p o r ta n t ly ,  c h a n g e s  in h a b i ta t  q u a l i t y  w i l l  
a f f e c t  all s p e c ie s ,  bu t  a re  l ike ly  to be p a r t i c u la r l y  im p o r ta n t  fo r  
m ig ra to r y  s p e c ie s  t h a t  need  a c o h e r e n t  n e t w o r k  o f  s i tes  to f a ­
c i l i ta te  th e i r  m ig ra to r y  jo u rn e y s .  H a b i ta t  q u a l i t y  is p a r t i c u la r l y  
im p o r ta n t  on s ta g in g  (s to po ve r )  s i tes ,  as in d iv id u a ls  m a y  need 
to  c o n s u m e  a la rg e  a m o u n t  o f  re s o u rc e  ra p id ly  to  c o n t in u e  th e i r  
o n w a rd  jo u rn e y ,  p a r t i c u la r l y  if th is  in vo lv es  c ro s s in g  an e c o lo g i ­
ca l barr ier.  In s o m e  c a s e s  m ig ra to r y  s p e c ie s  w i l l  be b e t te r  able  
to  c o p e  th a n  o th e rs  if t h e i r  in c re a s e d  m o b i l i t y  e n a b le s  th e m  to 
e x p lo i t  n e w  s i tu a t io n s .
M ig ra t io n  i t se l f  is a re s p o n s e  to e c o lo g ic a l  c o n d i t io n s ,  and in 
m a n y  s p e c ie s  is a f le x ib le  and a d a p ta b le  tra i t .  C hanges  in the  
le ng th ,  t im in g  and lo c a t io n  o f  m ig ra to r y  ro u te s  in re s p o n s e  to 
c h a n g in g  c l im a t ic  c o n d i t io n s  have  been  d o c u m e n te d .  T h ese  are 
le ad in g  to c h a n g e s  in p a t te rn s  o f  o c c u r r e n c e  in a w id e  ra n ge  of 
ta x a ,  in c lu d in g  b irds ,  tu r t le s ,  c e ta c e a n s  and insec ts .
T he  t im ing  o f  m ig ra t io n  o c c u r s  in the  c o n te x t  o f  o th e r  l i fe -h is to r y  
a c t iv i t ie s ,  s u c h  as b re e d in g ,  m o u l t  or h ib e rn a t io n  (d e p e n d in g  on 
g roup) .  C hanges  in the  t im ing  o f  b re ed in g  are w id e ly  d o c u m e n t ­
ed and m ig ra to r y  s p e c ie s  fa c e  a d d i t io n a l  c o n s t ra in ts  in a d a p t ing  
to  th is.  Equally ,  c h a n g e s  in th e  n a tu re  of the  m ig ra to r y  jo u rn e y  
( p a r t ic u la r ly  if i t  le n g th e n s  o r  b e c o m e s  m o re  d i f f i c u l t  b e c a u s e  of 
f e w e r  re s o u rc e s )  w i l l  have  c o n s e q u e n c e s  fo r  s u c c e s s fu l  b re e d ­
ing, m o u l t  e tc .  T h es e  e f fe c ts  a re  p o o r ly  u n d e rs to o d  a t  p resen t .  
B y  a l te r in g  d is t r ib u t io n s ,  c l im a te  c h a n g e  w i l l  b r ing  s o m e  s p e c ie s  
in to  c o n f l i c t  w i t h  h u m a n  a c t iv i t ie s ,  p a r t i c u la r l y  a m o n g s t  m ig ra t ­
o ry  s p e c ie s ,  w h ic h  use a n e t w o r k  o f  s i tes ,  and m a y  c o n s t ra in  
t h e i r  a b i l i t y  to  a d a p t  to  c h a n g e s .  C onve rse ly ,  a n th ro p o g e n ic  r e ­
s p o n s e s  to c l im a te  c h a n g e  are l ike ly  to e x a c e rb a te  th e  im p a c ts  
on w i ld l i fe  c a u s e d  by c h a n g in g  c l im a t ic  c o n d i t io n s ,  e.g. th ro u g h  
in c re a s e d  w a t e r  a b s t ra c t io n ,  c h a n g e s  in agr i-  o r  s i lv i c u l tu re ,  or 
c h a n g e s  in f ish ing  pa t te rns .
Chang ing  c l im a t ic  d is t r ib u t io n s  w i l l  e x tend  the  ra n g e  o f  m a n y  
s p e c ie s ,  b u t  i t  w i l l  a lso in c re a s e  the  p ro b a b i l i t y  o f  in t ro d u c e d  
( 'a l ien ')  e s ta b l is h in g .  T h es e  m a y  have  s ig n i f i c a n t  im p a c ts  on 
lo c a l  c o m m u n i t ie s  and b iod ive rs i ty .
A l th o u g h  th e  s c e n a r io s  o f  c l im a te  c h a n g e  a re  g e n e ra l ly  w i th in  
th e  k n o w n  ra n g e  o f  h is to r ic a l  c o n d i t io n s ,  the  ra te  a t  w h ic h  th e y  
a re  c h a n g in g  is u n p re c e d e n te d ,  so o rg a n is m s  m a y  be u n a b le  to 
a d a p t  s u f f ic ie n t ly  rap id ly .
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F e w m e a s u re s  s p e c i f ic a l l y  ta rg e te d  a ta d a p t in g  to c l im a te  c h a n g e  
im p a c ts  have  been  u n d e r ta k e n  a t  p re sen t ,  th o u g h  m a n y  u n d e r ­
ta ke n  fo r  o th e r  re a s on s ,  s u c h  as the  c re a t io n  o f  h a b i ta t  c o r r id o rs  
have been  s h o w n  to be b ene f ic ia l .  'M a n a g e d  R e a l ig n m e n t '  of 
c o as ta l  d e fe n c e s  in the  fa c e  o f  r is ing  s e a - le v e ls  has been  u n d e r ­
ta ke n  in the  U.K. In the  s h o r t - te rm  the se  have n o t  been  v e ry  s u c ­
c e ss fu l  a t  re -c re a t in g  bird in te r - t ida l  c o m m u n i t ie s ,  bu t  p ro p e r ly  
des ig n ed  p ro g ra m m e s  ho ld  m u c h  po ten t ia l  fo r  the  lo n g e r  term.

5. Impacts of Climate Change 
on Migratory Species

a. Marine Invertebrates, Fish andTurtles
C hanges  in d is t r ib u t io n ,  a b u n d a n c e  and c o m m u n i ty  c o m p o s i t io n  
o f  f ish  and m a r in e  in v e r te b ra te s ,  s u c h  as sq u id ,  a re  s t ro n g ly  
re la ted  to sea te m p e ra tu r e ,  as th e s e  s p e c ie s  a re  e c to th e rm ic  
(i.e. u na b le  to re g u la te  th e i r  b od y  te m p e ra tu r e  in te rn a l ly )  and 
c h a n g e s  in t e m p e ra tu r e  have  c a u s e d  c h a n g e s  in d is t r ib u t io n  of 
both  e x p lo i te d  and n o n -e x p lo i te d  s p e c ie s  and in the  r e c ru i tm e n t  
o f  A t la n t ic  Cod Gadus morhua in the  N o r th  Sea.
R e c ru i tm e n t  o f  H e rr ing  Clupea harengus and S qu id  are l inked to 
c l im a t ic  c o n d i t io n s  ( th ro u g h  te m p e ra tu r e  im p a c ts  on the  p la n k ­
ton  e c o s y s te m ) ,  w i t h  h ig h e r  r e c ru i tm e n t  in w a r m e r  y e a rs ,  w h e n  
m ig ra to r y  m o v e m e n ts  o f  H e rr ing  are a lso  shor te r .  In c re a s in g  
te m p e ra tu r e s  can  th e re fo r e  be e x p e c te d  to  in c re a s e  r e c r u i t ­
m e n t  o f  a t  le a s t  so m e  m a r in e  sp ec ie s .
The d is t r ib u t io n s  o f  m a n y  m a r in e  s p e c ie s  a re  a s s o c ia te d  w i th  
f ro n ts  b e tw e e n  w a t e r s  m a s s e s ,  and s h i f ts  in the  lo c a t io n  of th e se  
can  have  im p a c ts  on p a t te rn s  of re c ru i tm e n t ,  w h ic h  m a y  im p a c t  
on p o p u la t io n  size. H o w e v e r ,  in c re a s e d  te m p e ra tu r e s  w i l l  a f f e c t  
o c e a n  c i r c u la t io n  and the  s t re n g th  o f  m a r in e  u p w e l l in g s ,  w h ic h  
is p re d ic te d  to d e c re a s e  g lob a l  f ish  p ro d u c t io n .
The o n ly  f ish  l is ted  on th e  CM S A p p e n d ic e s  a re  th e  a n a d ro m o u s  
(m ig ra t in g  b e tw e e n  f r e s h w a t e r  and m a r in e  s y s te m s )  s tu rg e o n s  
(A c ip e n s e r id a e ) ,  the  im p a c ts  o f  c l im a te  c h a n g e  on w h ic h  a re  u n ­
s tud ie d ;  th e i r  m a in  r e le v a n c e  to  CM S l is ted  s p e c ie s  is as p re y  to 
m a r in e  m a m m als .
N e s t in g  b io lo g y  o f  sea tu r t le s  is s t ro n g ly  a f fe c te d  by t e m p e ra tu re ,  
both  in t im in g  and in th e  s e x - ra t io  o f  h a tc h l in g s ,  bu t  the  im p a c ts



of th is  on ove ra l l  p o p u la t io n  size a re  u n k n o w n  a t  p re sen t ,  th o u g h  
p o p u la t io n  s t r u c tu re  is l ike ly  to be im p a c te d  w i t h  an in c re a s e  in 
the  re la t iv e  n u m b e r  o f  fe m a les .
The ra n ge  o f  m a n y  m ig ra to r y  tu r t le s  is s h i f t ing  (o r a t  le a s t  e x ­
pan d ing )  n o r th w a rd s ,  w i t h  an in c re a s in g  n u m b e r  o f  re c o rd s  f ro m  
UK w a te r s .  T h es e  in c lu d e  f ive  s p e c ie s  l is ted  on CM S A p p e n d ix  I 
(L o g g e rhe a d  Caretta carreta, G reen  Chelonia mydas, Lea the r-  
b a c k  Dermochelys coriacea, H a w k s b i l l  Eretmochelys imbricata 
and K e m p s '  R id ley  Lepidochelys kempii tu r t les ) .  W h i le  the  p o p u ­
la t ion  im p a c ts  o f  th is  in c re a s e d  m o v e m e n t  a re  u n c le a r ,  the  
n u m b e r  o f  Range S ta tes  w i t h  a c o n s e rv a t io n  in te re s t  in th e s e  
s p e c ie s  w i l l  in c re a s e .
Sea tu r t le s  are  l ike ly  to be d i re c t ly  im p a c te d  by an in c re a s e  
in sea  leve ls  and the  loss of egg lay ing  b e a c h e s .  U n d e r  a p re ­
d ic ted  s e a - le v e l  r ise  of 0.5 m e t re s  th is  w i l l  a m o u n t  to  up to  32% 
of n es t in g  b e a c h e s  in th e  C ar ibbean .

b. Marine Mammals
M o s t  c e ta c e a n s  (w h a le s  and d o lp h in s )  a re  h ig h ly  m ig ra to ry ,  the  
la rg e r  b a leen  w h a le s  e.g. B lue  W h a le  Balaenoptera musculus, 
u n d e r ta k e  long s e a s o n a l  m ig ra t io n s  b e tw e e n  t ro p ic a l  c a lv in g  
g ro u n d s  in w in t e r  and h igh  la t i tud e  fe e d in g  g ro u n d s  in s um m er,  
as a re s p o n s e  to  th e  need  to fee d  in c o ld e r  w a te r s  and re p ro ­
d u c e  in w a r m e r  w a te r s .  M o v e m e n ts  o f  to o th e d  w h a le s  (su ch  as 
the  S p e rm  W h a le  Physeter macrocephalus, K i l le r  W h a le  Orci­
nus orca and d o lp h in s )  have  d i f fe re n t  s c a le s  d e p e n d in g  on g e o ­
g ra p h ic  a re as  and s p e c ie s ,  w i t h  both  n o r th -s o u th  and in s h o re -  
o f fs h o re  s e a s o n a l  m o v e m e n ts  o b s e rv e d ,  p ro b a b ly  in re s p o n s e  
to p re y  ava i lab i l i ty .  D isp e rsa l  and m ig ra t io n  is a lso  c o m m o n  in 
se v e ra l  p inn iped  (sea l) s p e c ie s .  H o w e ve r ,  m ig ra to r y  jo u rn e y s  
are p o o r ly  k n o w n .
C hanges  in p la n k to n ,  f ish  and squ id  (w h ic h  a re  p re y  fo r  c e ta ­
c e a n s  and p in n ip e ds )  d is t r ib u t io n ,  a b u n d a n c e  and c o m m u n i ty  
c o m p o s i t io n  a re  s t ro n g ly  re la ted  to  c l im a t ic  fa c to r s ,  p a r t i c u la r l y  
sea te m p e ra tu r e  (see above).  S h i f ts  in p la n k to n  and f ish  c o m m u n ­
ity c o m p o s i t io n  in the  N o r th  Sea have  been  o b s e rv e d  in p lan k to n  
and f ish  c o m m u n i t ie s  and re f le c te d  in c h a n g e s  in the  c e ta c e a n  
c o m m u n i ty ,  w i t h  a g re a te r  re p re s e n ta t io n  o f  s o u t h e r n - w a t e r  
s p e c ie s  fu r th e r  nor th .  S im i la r  s h i f ts  have  been  s h o w n  e ls e w h e re  
and s u c h  sh i f ts  in p re y  d is t r ib u t io n  a re  l ike ly  to be th e  g re a te s t

t h r e a t  f ro m  c h a n g in g  c l im a te s  to  m a r in e  m a m m a l  pop u la t io n s .  
C o n s e rva t io n  o f  th e s e ,  p a r t i c u la r l y  in p re fe r re d  a re as  w o u ld  be 
im p o r ta n t  f o r  c o n s e rv in g  m a r in e  m a m m a ls .

C hang ing  w a t e r  t e m p e ra tu r e  a lso has  an e f f e c t  on the  re p ro ­
d u c t io n  o f  c e ta c e a n s  and p inn ip e d s ,  in d i re c t l y  th ro u g h  p re y  
a b u n d a n c e ,  e i th e r  th ro u g h  e x te n d in g  the  t im e  b e tw e e n  in d iv i ­
dua l b re ed in g  a t te m p ts ,  o r  by re d u c in g  b re ed in g  c o n d i t io n  o f  the  
m other.  The g ro w th  and s u rv iv a l  o f  A n ta r c t i c  Seal Artocephalus 
gazelle pups is in f lu e n c e d  by kri l l  Euphausia a b u n d a n c e .
A n  in d ic a t io n  o f  p o te n t ia l  e f fe c ts  ca n  be g a in e d  th ro u g h  c u r ­
re n t l y  e x t re m e  c l im a t ic  e ven ts ,  w h ic h  m a y  re f le c t  m o re  ty p ic a l  
c o n d i t io n s  in th e  fu tu re  ( th ou g h  s p e c ie s  w i l l  have  th e  c h a n c e  
o f  a d a p ta t io n  in th e  in te r im ).  For e x a m p le ,  the  w a r m  w a t e r  
p hase  of the  ENSO (w h ic h  is b e c o m in g  in c re a s in g ly  f re q u e n t )  
is a s s o c ia te d  w i t h  la rg e -s c a le  c h a n g e s  in m o v e m e n ts ,  m o r ta l i t y  
and re p ro d u c t iv e  s u c c e s s  o f  m a r in e  m a m m a ls ,  a t  le a s t  in part,  
t h ro u g h  c h a n g e s  in p re y  a b u n d a n c e ,  th e re  m a y  th u s  be se r io u s  
n e g a t iv e  p o p u la t io n  im p a c ts  in fu tu re .
If p re y  a b u n d a n c e  is lo w ,  th e re  w i l l  be in c re a s e d  use of b lu b b e r  
re s e rv e s  and the  a s s o c ia te d  m o b i l is a t io n  o f  a n y  a c c u m u la te d  
a n th ro p o g e n ic  c o n ta m in a n ts ,  s u c h  as o rg a n o c h lo r in e s ,  o rg a n o -  
b ro m in e s  and p o ly a ro m a t ic  h y d ro c a rb o n s ,  ca n  h ave  m a rke d  
e f fe c ts  on an in d iv id ua l 's  hea lth .  The  p o p u la t io n  c o n s e q u e n c e s  
o f  th is  a re  u n k n o w n ,  b u t  m a yb e  lo c a l ly  s e v e re  
A  m a jo r  im p a c t  of  sea  leve l r ise  is l ike ly  to be as a re d u c t io n  in the  
n u m b e r  o f  sea l h a u l -o u t  s i tes  used fo r  b re ed in g ,  n u r s e r ie s  and 
res t ing .  E nd a ng e red  s p e c ie s ,  s u c h  as the  M e d i te r r a n e a n  M o n k  
Seal Monachus monachus ( l is ted  on CM S A p p e n d ix l ) ,  w h ic h  use 
a l im i ted  n u m b e r  o f  s i tes ,  m a y  be e s p e c ia l ly  v u ln e ra b le ;  d is tu rb ­
a n c e  and k i l l ing  of in d iv id u a ls  m a y  be g re a te r  th re a ts  tho u gh .  
Th is  v u ln e ra b i l i t y  is in c re a s e d  as the  lo c a t io n  o f  fe e d in g  a reas  
is c h a n g in g  s im u l ta n e o u s ly ,  m e a n in g  n e w ,  u nd is tu rb e d  h a u l -o u t  
s i tes  w i l l  be requ ired .
M e l t in g  ic e -s h e e ts  in the  A r c t i c  w i l l  re d u c e  o c e a n  sa l in i t ie s ,  
w h ic h  in tu rn  w i l l  c a u s e  sh i f ts  in the  d is t r ib u t io n  and b iom ass  of 
m a jo r  c o n s t i tu e n ts  o f  A r c t i c  foo d  w e b s  (d i f fe r ing  b e tw e e n  s p e ­
c ie s  a c c o rd in g  to  t h e i r  e c o lo g y ) ,  w i t h  a t e n d e n c y  f o r  p o le w a rd  
s h i f ts  in s p e c ie s  a s s e m b la g e s  and the  p o te n t ia l  loss  of s o m e  po ­
la r  s p e c ie s  (su ch  as N a rw h a l  Monodon monoceros). M ig ra to r y  
w h a le s ,  s u c h  as the  G rey  W h a le  Eschrichtius robustus, t h a t  use
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t h e  A r c t i c  fo r  s u m m e r  fe e d in g  g ro u n d s  a re  l ik e ly  to e x p e r ie n c e  
d is ru p t io n s  in the  t im ing  and d is t r ib u t io n  o f  th e i r  foo d  s o u rc e s .

c. Birds
T he  n u m b e r  o f  bird s p e c ie s  t h a t  m ig ra te s  v a r ie s  w i t h  la t i tude .  
In th e  n o r th e rn  h e m is p h e re ,  less  th a n  10% o f  s p e c ie s  l iv ing in 
t ro p ic a l  a re a s  u n d e r ta k e  m ig ra to r y  jo u rn e y s ,  th is  p ro p o r t io n  
i n c re a s e s  w i t h  d is ta n c e  a w a y  f ro m  th e  e q u a to r  and m o re  tha n  
80% o f  s p e c ie s  l iv ing  w i t h in  the  A r c t i c  C irc le  m ig ra te  sou th .  Cli­
m a te  in d u c e d  c h a n g e s  in h a b i ta t  a re  p re d ic te d  to be g re a te s t  in 
th e  A r c t i c ,  w h e r e  the  im p o r ta n c e  of m ig ra to r y  s p e c ie s  is h igh e s t ,  
th e s e  s p e c ie s  have  l im i ted  o p t io n s  f o r  ra n g e  s h i f t  due  to  l im ited  
a v a i la b i l i ty  of land  a t  h igh  la t i tu d e s  and a l t i tudes .
M o s t  s p e c ie s  l is ted  by the  CM S have  the  p o te n t ia l  to  be a f fe c te d  
by c l im a te  c h a n g e  in s o m e  w ay .  Of the  bird s p e c ie s  l is ted  in the  
A p p e n d ic e s  (e xc lu d in g  n o n -E u ro p e a n  M u s c ic a p id a e ) ,  84% re ly  
on v u ln e ra b le  h ab i ta ts  (c o a s ta l ,  w e t la n d ,  m o n ta n e  o r  tu n d ra )  
a t  s o m e  p o in t  in th e i r  l i fe  c y c le ;  m a n y  s p e c ie s  use m o re  tha n  
one  hab ita t .  In v i r tu a l ly  all ca s e s ,  th e  e x te n t  o f  the  t h r e a t  has no t  
been  qua n t i f ied .
T he  m o s t  w id e s p r e a d  t h r e a t  (53% of  s p e c ie s )  fa c e d  is c h a n g e s  
in w a t e r  re g im e ,  re f le c t in g  the  im p o r ta n c e  o f  w e t la n d  s i te s  to 
m ig ra to r y  b irds. L o w e re d  m ean  w a t e r  ta b le s  and an in c re a s e d  
f r e q u e n c y  of d ro u g h ts  w i l l  r e d u c e  h a b i ta t  a v a i la b i l i ty  f o r  a q u a ­
t ic  s p e c ie s ,  s u c h  as B a ika l  Teal Anas formosa and re d u c e  food  
a v a i la b i l i ty  fo r  te r re s t r ia l  s p e c ie s  t h a t  fo ra g e  in s u c h  a re as ,  pa r ­
t i c u la r l y  on m ig ra t io n ,  s u c h  as A q u a t i c  W a r b le r  Acrocephalus 
paludicola. H a b i ta t  loss m a y  c o m p ro m is e  m ig ra n ts '  a b i l i t y  to 
c o m p le te  th e i r  m ig ra to r y  jo u rn e y s  by re d u c in g  th e  c o h e re n c e  of 
th e  s to p o v e r  s i te  n e tw o rk .
C hanges  in w in d  p a t te rn s  (and in c re a s e s  in s to rm  f r e q u e n c y )  
have  the  p o te n t ia l  to  a f f e c t  m ig ra to r y  jo u rn e y s  a dve rse ly .  T here  
is s o m e  e v id e n c e  t h a t  a h ig h e r  sp r in g  s to rm  f r e q u e n c y  in the  
C a r ib b ea n  ca n  c a u s e  p ro b le m s  fo r  m ig ra t in g  p a s s e r in e  b irds ,  
and lead  to  re d u c e d  n u m b e rs  re a c h in g  the  b re ed in g  g ro un ds .  
T he  jo u rn e y s  o f  s o m e  o f  the  lo n g e s t  d is ta n c e -m ig ra n ts ,  s u c h  as 
Red K no t  Calidris canutus [see Case S tudy) and B a r - ta i le d  God- 
w i t  Limosa lapponica, push  in d iv id u a ls  to  the  p h y s io lo g ic a l  l im it ,  
so a n y  p e r tu rb a t io n s  a re  l ik e ly  to  h ave  a d v e rs e  c o n s e q u e n c e s ;  
m a in ta in in g  h igh  q u a l i t y  s to p o v e r  h a b i ta t  w i l l  be im p o r ta n t  in th is  
regard .
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The t im in g  o f  m ig ra t io n  is c h a n g in g .  The re s u l ts  o f  s e v e ra l  s tu ­
d ies  in v e s t ig a t in g  the  sp r in g  a r r iva l  t im e s  of m ig ra n t  s p e c ie s  in 
te m p e ra te  la t i tu d e s  s u g g e s t  t h a t  b irds  are re a c h in g  th e i r  b re e d ­
ing g ro u n d s  p ro g re s s iv e ly  e a r l ie r  in the  se a s o n  as the  c l im a te  
b e c o m e s  w a r m e r  (e.g. Pied F ly c a tc h e r  Ficedula hypoleuca), 
th o u g h  th is  p a t te rn  is n o t  un ive rsa l .  W h e r e  no (s ign i f ic a n t )  
c h a n g e  has been  o b s e rve d  in lo c a l  t e m p e ra tu r e s ,  no a d v a n c e ­
m e n t  in a r r iva l  da te  has  been  o b s e rv e d  and w h e r e  lo c a l  t e m ­
p e ra tu re s  have  b e c o m e  coo le r ,  th e re  has been  a t e n d e n c y  fo r  
la te r  a rr iva l.  E v id en ce  fo r  la te r  d e p a r tu re  of m ig ra to r y  b irds  f ro m  
th e i r  b re ed in g  g ro u n d s ,  and e a r l ie r  a r r iva l  on th e i r  w in te r in g  
g ro u n d s  is s p a rs e r ;  s o m e  c h a n g e s  a p p e a r  to be o c c u r r in g ,  bu t  
th e s e  are in c o n s is te n t .  A l th o u g h  th e s e  e f fe c ts  (and the  ro le  of 
c l im a te  c h a n g e  in th e m ) a re  w e l l  d e m o n s t ra te d ,  th e  im p a c ts  on 
p o p u la t io n  size a re  u n c le a r ,  m o s t ly  b e c a u s e  o f  th e  p re s e n c e  of 
d e n s i t y -d e p e n d e n c e .
T im ing  o f  a rr iva l  on the  b re e d in g  g ro u n d s  is im p o r ta n t ,  as the  
b re ed in g  s e a s o n  sh ou ld  be s y n c h ro n is e d  w i t h  th e  a v a i la b i l i ty  of 
prey, th e  pea k  t im ing  in a b u n d a n c e  o f  w h ic h  is, in m a n y  ca s e s ,  
s h i f t ing  e a r l ie r  in re s p o n s e  to w a r m e r  t e m p e ra tu r e s  th o u g h  the  
e f fe c ts  a re  re g io n a l ly  va r ia b le .  The  t im ing  o f  a v a i la b le  foo d  s u p ­
p ly  m a y  be p a r t i c u la r l y  c r i t i c a l  in s to p o v e r  a re as ,  w h ic h  a re  used 
fo r  a f ixed  p e r iod  o f  t im e ,  th o u g h  no e v id e n c e  d e m o n s t ra t in g  th is  
ex is ts  as ye t.  A l th o u g h  p o p u la t io n s  w i l l  be ab le  to a d a p t  s o m e -  
w h a t t o  th e s e  c h a n g e s ,  it  is u n c le a r  to  w h a t  ex ten t.
T h e re  is c u r re n t l y  d e b a te  as to  w h e t h e r  lo n g -d is ta n c e  m ig ra n ts  
m a y b e  m o re  v u ln e ra b le  to p h e n o lo g ic a l  c h a n g e s ,  s in c e  th e  cu es  
th e y  use to  t im e  o n s e t  o f  sp r in g  m ig ra t io n  m a y  no lo n g e r  be good 
m e a s u re s  o f  c o n d i t io n s  on th e  b re e d in g  g ro u n d s ,  th u s  c re a t in g  
a m is m a tc h  b e tw e e n  a r r iva l  da te  and o p t im a l  b re e d in g  da te ,  as 
has been  d e m o n s t ra te d  f o r  the  Pied F lyca tcher .
B re e d in g  o u tp u t  is k n o w n  to  v a ry  w i t h  t e m p e ra tu r e  and t im e  in 
the  se a s o n ,  be ing  g re a te r  e a r l ie r  in th e  s e a s o n  and a t  (n o t  too) 
w a r m e r  t e m p e ra tu re s .  T h e re  is e v id e n c e  t h a t  s u c h  in c re a s e s  
in p ro d u c t iv i t y  a re  o c c u r r in g  a m o n g s t  te m p e ra te  b re ed in g  s p e ­
c ie s  th o u g h  c h a n g e  w i l l  o f te n  be a c o m p le x  f u n c t io n  o f  w e a t h e r  
v a r ia b les .  S uc h  c h a n g e s  m a y  be b e n e f ic ia l ,  u n le s s  the  b re ed in g  
se a s o n  b e c o m e s  d is ju n c t  f ro m  the  t im ing  o f  pea k  p re y  a b u n d ­
ance .  S tu d ie s  o f  p o la r  ( p a r t ic u la r ly  A n ta r c t i c )  s p e c ie s  s h o w  th a t  
in c re a s e d  te m p e ra tu r e s  a re  re d u c in g  b re ed in g  s u c c e s s  (p ro b ­
a b ly  b e c a u s e  o f  c h a n g e s  in p re y  d is t r ib u t io n ) .



H eavy  p re c ip i ta t io n  ca n  a d v e rs e ly  a f f e c t  b reed ing  s u c c e s s ,  p a r t i ­
c u la r ly  d u r ing  the  per iod  w h e n  f le d g l in g s  are  in the  n e s t  (and 
v u ln e ra b le  to  ch i l l ing).  Overal l ,  in c re a s e d  p re c ip i ta t io n  leve ls  are 
p re d ic te d  so im p a c ts  on p ro d u c t iv i ty  are  p re d ic te d ,  th o u g h  the  
t im ing  o f  s u c h  ra in fa l l  w i l l  be c r i t i c a l ,  and it  is poss ib le  th a t  b irds 
m a y  be ab le  to c o m p e n s a te  by in c re a s e d  p ro d u c t iv i ty  in y e a rs  
of b e t te r  w e a th e r ,  or by re lay ing  if se a s o n s  b e c o m e  ex te n de d  
( though  m ig ra to r y  s p e c ie s  m a y  be m o re  c o n s t ra in e d  in th is  r e ­
gard).
For m a n y  te m p e ra te  b ird s p e c ie s ,  s u rv iv a l  d u r ing  th e  w in t e r  
m o n th s  is v e ry  im p o r ta n t  in d e te rm in in g  p o p u la t io n  t re n d ,  and is 
s t ro n g ly  re la te d  to  w in t e r  s e v e r i t y  (u s u a l ly  s o m e  p ro x y  of t e m p e ­
ra tu re) .  In c re a s e d  w in t e r  te m p e ra tu r e s  a p p e a r  to  be le ad in g  to 
h ig h e r  s u rv iv a l  and  to an in c re a s in g  t e n d e n c y  fo r  m ig ra to r y  s p e ­
c ies  to  w in t e r  in the  UK, r a th e r  th a n  a t  m o re  s o u th e r ly  la t i tudes .  
S uch  c h a n g e s  a re  l ike ly  to  be b e n e f ic ia l  to  p o p u la t io n s ,  th o u g h  
the  p re s e n c e  o f  d e n s i t y -d e p e n d e n c e  in p o p u la t io n  p ro c e s s e s  
m a y  re d u c e  th e s e  im pa c ts .
Overa l l ,  b re ed in g  b ird s p e c ie s  ( inc lu d in g  m ig ra to r y  taxa )  in the  
UK have  e x te n d e d  th e i r  b re ed in g  ra n g e s  n o r th w a rd s  by an a v e r ­
age o f  a ro u n d  9 km per  d e c a d e  and s o u th e rn  s p e c ie s  a re  c o lo ­
n is ing  B r i ta in ,  th o u g h  a t t r ib u t in g  th is  s o le ly  to  c l im a te  c h a n g e  is 
d i f f i c u l t  in m a n y  cases .  S im i la r  ra n ge  sh i f ts  have  been  d e m o n ­
s t ra te d  e ls e w h e re ,  as have  a l t i tu d in a l  s h i f ts  in m o n ta n e  s p e c ie s  
and fu r th e r  c h a n g e s  are p re d ic te d .
The d is t r ib u t io n  o f  m ig ra to r y  s p e c ie s  is a lso c h a n g in g  b ec a u s e  
of c h a n g e s  in m ig ra to r y  b e h a v io u r ;  m ig ra to r y  jo u rn e y s  are  g e n e ­
ra l ly  b e c o m in g  s h o r te r  as has  been  d e m o n s t ra te d  f o r  C h i f fc ha f fs  
Phylloscopus collybita and  B la c k c a p  Sylvia atricapilla, re su l t ing  
in c h a n g e s  in w in te r in g  d is t r ib u t io n s .  W h i le ,  th e s e  c h a n g e s  g e n ­
e ra l ly  y ie ld  in c re a s e s  in f i tn e s s  f o r  the  in d iv id u a ls  c o n c e rn e d ,  
the  p o p u la t io n  im p a c ts  are u n c le a r ,  th o u g h  th e y  a re  l ike ly  to  be 
pos i t ive  (h o w e v e r ,  s u c h  p o p u la t io n s  m a y  be m o re  v u ln e ra b le  to, 
in c re a s in g ly ,  o c c a s io n a l  s e v e re  w e a t h e r  events) .
The a v a i lab le  h a b i ta t  fo r  c o a s ta l  s p e c ie s  is being  in f lu e n c e d  
by s e a - le v e l  r ise ,  in c re a s e d  e ro s io n  f ro m  a h ig h e r  f r e q u e n c y  of 
s to rm  e ven ts  and g re a te r  w a v e  a c t ion ;  n e a r ly  20% of b ird s p e ­
c ies  l is ted  by the  CM S h ave  the  p o te n t ia l  to  be im p a c te d  in su c h  
a fash io n .  W a d e r s ,  s u c h  as S p o o n -b i l le d  S a n d p ip e r  Eurynorhyn­
chus pygmeus, and w a t e r fo w l ,  s u c h  as L esse r  W h i te - f r o n te d

G oose  Anser erythropus, m a y  be p a r t i c u la r l y  v u ln e ra b le  in th is  
re g a rd  as m a n y  im p o r ta n t  s to p o v e r  a re a s  are in s u c h  co a s ta l  
h a b i ta t ,  o f te n  a t  a re la t iv e ly  l im i ted  n u m b e r  o f  d is c re te  s i tes. The 
UK hos ts  in te rn a t io n a l ly  im p o r ta n t  n u m b e rs  o f  se ve ra l  w a d e r  and 
w a t e r fo w l  s p e c ie s ,  s u c h  as the  R e d s h a n k  Tringa totanus both  
in w in t e r  and on p a s s a g e  and s e a - le v e l  r ise is a f fe c t in g  both 
b re e d in g  and w in te r in g  d is t r ib u t io n s ,  a l th o u g h  h a b i ta t  c re a t io n  
by 'm a n a g e d  re t re a t '  f r o m  th e  sea has th e  p o te n t ia l  to  m i t iga te  
th e s e  im p a c ts  to  s o m e  ex ten t.  In the  UKOTs, th e  a v a i la b le  h a b i ­
t a t  fo r  b re ed in g  s e a b i rd s  m a y  be re d u c e d ,  both  f ro m  r is ing  sea-  
leve ls  and in c re a s e d  e ros ion .
A  m a jo r  im p a c t  o f  c l im a te  c h a n g e  w i l l  be in d i r e c t  th ro u g h  a l te r ­
ing a b u n d a n c e ,  d is t r ib u t io n  and q u a l i t y  o f  p re y  (in a dd i t io n  to 
te m p o ra l  e f fe c ts  d e s c r ib e d  above).  Th is  has  been  s h o w n  to be 
im p o r ta n t  f o r  a n u m b e r  o f  s p e c ie s  o f  s e a b i rd ,  bo th  in UK w a te r s  
and e ls e w h e re ,  p a r t i c u la r l y  th e  A n ta r c t i c ,  b u t  p ro b a b ly  also 
a p p l ie s  to  o th e r  g ro u p s  o f  b irds. E x trap o la t ion  f ro m  p ub l ished  
re la t io n s h ip s  s u g g e s ts  a ro un d  25% of s p e c ie s  l is ted  on the  CMS 
A p p e n d ic e s  m a y  be im p a c te d  by c h a n g e s  in p re y  d is t r ib u t io n ,  
th o u g h  th is  sh ou ld  p ro b a b ly  be c o n s id e re d  a c o n s e rv a t iv e  guess; 
th e  t ru e  n u m b e r  is l ike ly  to  be h igher,  th o u g h  p a r t i c u la r  s p e c ie s  
m a y  s h o w  c o n s id e ra b le  p o p u la t io n  bu f fe r in g .
P rey  a b u n d a n c e  and q u a l i t y  is p a r t i c u la r l y  im p o r t a n t o n  s to p o v e r  
s i tes ,  e s p e c ia l ly  th o se  t h a t  are  used fo r  fue l  p re p a ra to ry  to c ro s s ­
ing an e c o lo g ic a l  bar r ie r ,  s u c h  as th e  S ah a ra  deser t .  In c re a s e d  
d e s e r t i f i c a t io n  in th is  a rea  w o u ld  a d v e rs e ly  a f f e c t  the  a b i l i ty  of 
m a n y A f ro -E u ro p e a n  m ig ra n ts  to  fa t te n  s u f f ic ie n t ly  p r io r t o  c ro s s ­
ing th e  dese r t .  D ro u g h ts  in th is  re g io n  have  s ig n i f i c a n t ly  re d u c e d  
p o p u la t io n  size p re v iou s ly ,  f r o m  w h ic h  p o p u la t io n s  m a y  ta k e  a 
long t im e  to  r e c o v e r  th e i r  f o r m e r  size.
C l im a t ic  im p a c ts  on m ig ra t io n  a re  l ike ly  to  be m o s t  im p o r ta n t  
f o r  th e  sp r in g  ( n o r th w a rd )  m ig ra t io n  (b e c a u s e  t im ing  of a rr iva l  
on th e  b re ed in g  g ro u n d s  is c r i t i c a l ,  e.g. fo r  m a te  and te r r i t o r y  
c h o ic e ,  and a lso  b e c a u s e  a re d u c t io n  in n u m b e rs  has  a d i r e c t  
e f f e c t  on b re ed in g  p o p u la t io n  size). In c re a s e d  d e s e r t i f i c a t io n  of 
th e  S ahe l re g io n  o f  A f r ic a  is o f  p a r t i c u la r  c o n c e rn ,  s in c e  it  is a 
k e y  fu e l l in g  a rea  fo r  m a n y  m ig ra to r y  sp ec ie s .
In c re a s e d  te m p e ra tu r e s  a re  th o u g h t  to  fa v o u r  the  s p re a d  o f  v a ­
r ious  d is e a s e s  and p a ra s i te s ,  w h ic h  are  an im p o r ta n t  s o u rc e  of 
m o r ta l i t y  and ca n  l im i t  p o p u la t io n  g ro w th  in s o m e  ca ses .  H o w ­

53



ever, i t  is n o t  k n o w n  to  w h a t  e x te n t  c l im a te  c h a n g e  w i l l  in c re a s e  
th e  im p a c t  on bird p o p u la t io n s  ( re la t iv e ly  l i t t le  is k n o w n  a b o u t  
b i rd -p a ra s i te /d is e a s e  in te ra c t io n s ) .
A  fu r th e r  p o o r ly  u n d e rs to o d  a rea  is the  d e g re e  to  w h ic h  e f fe c ts  
c a r r y  o v e r  b e tw e e n  se aso n s .  For e x a m p le ,  a l te ra t io n s  in the  
t im in g  o f  b re ed in g  w i l l  have  c o n s e q u e n c e s  fo r  the  t im ing  of 
m o u l t ,  and h e n c e  m ig ra t io n  and in d iv id u a ls  t h a t  e x p e r ie n c e  poo r  
c o n d i t io n s  in w in t e r  m a y  s ta r t  the  b re e d in g  p e r iod  a ta  d is a d v a n t ­
a ge ,  and have  a lo w e re d  re p ro d u c t iv e  po ten t ia l .  T h es e  e f fe c ts  
a re  b e g in n ing  to be s h o w n  to be im p o r ta n t  and a re  l ike ly  to  p ro ­
v id e  s o m e  o f  th e  m e c h a n is m s  by w h ic h  c h a n g in g  c l im a t ic  c o n d i ­
t io n s  w i l l  im p a c t  on p o p u la t io n  size.

d. Bats
W h i le  it  is p ro b a b le  t h a t  m a n y  s p e c ie s  o f  bats  are m ig ra to ry ,  
th e  s c a le  and e x te n t  o f  s u c h  m o v e m e n ts  a re  la rg e ly  u n k n o w n ,  
th o u g h  fe m a le s  a re  u s u a l ly  m ore  m ig ra to r y  th a n  males . The  d is t ­
a n c e  and ro u te s  of m ig ra t io n  in s o m e  t r o p ic a l  o r  s u b t ro p ic a l  s p e ­
c ie s  d ep e n d  on v a r ia t io n s  in f ru i t in g  o r f l o w e r in g  s u c c e s s  o f  food  
p lants .
I n te m p e r a te  a re as ,  w h e r e  all bats  are  in s e c t iv o ro u s ,  m ig ra t io n  is 
u s u a l ly  b e tw e e n  w a r m  s i tes  s u i ta b le  fo r  p re g n a n c y  and la c ta t io n  
and w i t h  a d e q u a te  fo o d  s u p p l ie s  in su m m e r ,  and coo l  s i te s  fo r  
h ib e rn a t io n  in w in t e r  (th is  m ig ra t io n  need  n o t  be N o r th /S o u th ) .  
W i th in  the  t ro p ic a l  o r  s u b t ro p ic a l  la t i tud e s ,  m ig ra t io n s  dep e nd  
on v a r ia t io n s  in f ru i t in g  o r  f l o w e r in g  s u c c e s s  o f  foo d  p lan ts  and 
to  a l lo w  the  fo rm a t io n  o f  la rg e  c o m m u n a l  m a te rn i t y  c o lon ie s .  In 
s o m e  ca s e s ,  m o v e m e n ts  m a y  be a s s o c ia te d  w i t h  r e t re a t  f ro m  
s e a s o n a l l y  a r id  a re a s  to c o n c e n t r a te  in m o is te r  a re a s  w h e r e  
foo d  s u p p ly  m a y  be m o re  pe rs is ten t .
T h e re  have  been  a lm o s t  no s tu d ie s  o f  bats  d i re c t ly  in re la t io n  to 
c l im a te  c h a n g e  in Europe ,  b u t  the  m o s t  s ig n i f i c a n t  im p a c ts  (in 
t e rm s  o f  p o p u la t io n  size) a re  l ike ly  to be in d i re c t ,  in f lu e n c in g  the  
a v a i la b i l i ty  of t h e i r  foo d  s u p p ly  o r  ro o s t  s ites.
C hanges  in th e  c o m p o s i t io n  o f  b a t  c o m m u n i t ie s  a re  l ike ly  as s p e ­
c ie s  a l te r  t h e i r  d is t r ib u t io n  n o r th w a rd s ,  p o s s ib ly  th ro u g h  range  
e x p a n s io n  ra th e r  th a n  a s im p le  s h i f t  in ra n g e ,  bu t  the  im p a c ts  
o f  th is  are  la rg e ly  u n k n o w n .  S p e c ie s  d e p e n d e n t  on c a v e s  (as 
r o o s t  s i tes  f o r  m a te rn i t y  c o lo n ie s )  w h ic h  s h i f t  t h e i r  ra n ge  n o r th ­
w a r d s  m a y  be c o n s t ra in e d  by a la c k  o f  s u i ta b le  c a v e s  (or o th e r
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a p p ro p r ia te  u n d e rg ro u n d  h a b i ta ts )  in t h e i r  p o te n t ia l  n e w  lo c a ­
t ions .  Th is  is u n l ik e ly  to  be a s e r io u s  issue  in the  UK, b u t  co u ld  be 
s ig n i f i c a n t  in pa r ts  o f  m a in la n d  Europe  and m a y  lead to  lo n g e r  
m ig ra to r y  jo u rne ys .
The p re d ic te d  d e c re a s e ,  o r  e ven  th e  d is a p p e a ra n c e  o f  e x t re m e  
co ld  w in t e r s  in th e  UK m a y  re s u l t  in a re d u c e d  p er iod  of h ib e r ­
na t io n ,  in c re a s e d  w in t e r  a c t i v i t y  (w h e n  th e re  m a y  be l im i ted  food  
s u pp ly )  and re d u c e d  re l ia n c e  on the  re la t iv e ly  s tab le  t e m p e r a ­
tu re s  o f  u n d e rg ro u n d  h ib e rn a t io n  s i tes. (This m a y  a lso  have  im ­
p l ic a t io n s  fo r  the  use o f  ro o s t  c o u n ts  to m o n i to r in g  pop u la t io n s .)
A n  e a r l ie r  a d v e n t  o f  sp r in g  (by 1-3 w e e k s )  w o u ld  p re d ic a te  a 
s h o r te r  h ib e rn a t io n  per iod  and h e n c e  an e a r l ie r  a p p e a ra n c e  of 
m o s t  bats  on the  w in g  and th is  w i l l  re q u i re  s u f f ic i e n t  foo d  to be 
a v a i lab le  and m a y  in f lu e n c e  th e  t im in g  of b re ed in g .  Cold w e a t h e r  
even ts  la te r  in the  w in t e r  (a f te r  the  'p re m a tu re '  e m e rg e n c e  of 
in d iv id ua ls )  m a y  in f l i c t  in c re a s e d  m o r ta l i t y  on p o p u la t io n s ,  bu t  
the  in c id e n c e  o f  th e s e  is e x p e c te d  to d e c re a s e .
The re p ro d u c t iv e  c y c le  o f  t e m p e ra te  zone bats  is c lo s e ly  l inked 
to t h e i r  p a t te rn  of h ib e rn a t io n .  B a ts  m a te  in a u tu m n  and w in te r ,  
and s p e rm a to z o a  a re  s to re d  in the  fe m a le  re p ro d u c t iv e  t r a c t  u n ­
ti l sp r ing .  If bats  e x p e r ie n c e  w a r m  c o n d i t io n s  and a s u p p ly  of 
foo d  in th e  s e c o n d  h a l f  o f  w in te r ,  th e y  w i l l  a ro u s e  f ro m  h ib e rn ­
a t ion  p re m a tu re ly ,  o v u la te  and b e c o m e  p re gn an t .  C o nve rse ly ,  if 
bats  e x p e r ie n c e  p e r io d s  o f  in c le m e n t  w e a t h e r  a s s o c ia te d  w i th  
foo d  s h o r ta g e s  d u r ing  p re g n a n c y ,  th e y  w i l l  b e c o m e  to rp id  and 
the  g e s ta t io n  per iod  is e x te n de d .  E x pe r im en ta l ly ,  t im ing  o f  b ir ths  
can  be a l te red  by up to th re e  m o n th s  by m a n ip u la t in g  e n v i r o n ­
m e n ta l  c o n d i t io n s .  G iven th is  e x t re m e  d e p e n d e n c e  on e x te rn a l  
te m p e ra tu r e s  and foo d  su pp ly ,  th e  t im in g  of re p ro d u c t iv e  c y c le s  
o f  te m p e ra te  bats  is l ike ly  to be s ig n i f i c a n t ly  a f fe c te d  by c l im a te  
c h a n g e ,  a l th o u g h  p o s s ib ly  n o t  to t h e i r  d e t r im en t .
For a la rg e  n u m b e r  o f  b a t  s p e c ie s ,  w e t la n d s ,  w a t e r w a y s  and 
w a t e r  bod ies  and w o o d la n d  p ro v ide  key  re s o u rc e s  o f  in s e c t  b io ­
m ass  and d iv e rs i ty  used by bats. Thus  a d e c l in e  in w e t  o r  m o is t  
a re as  is l ike ly  to  a f f e c t  b a t  p o p u la t io n s  and c a u s e  d e c l in e s  or 
b e h a v io u ra l  c h a n g e s ;  th e s e  c h a n g e s  w i l l  be p a r t i c u la r l y  p ro ­
n o u n c e d  fo r  M e d i t e r r a n e a n  pop u la t io n s .
The a v a i lab le  e v id e n c e  s u g g e s ts  t h a t  m o s t  ba ts  do n o t  u n d e r ta k e  
long c o n t in u o u s  m o v e m e n ts ;  r a th e r  the  jo u r n e y  is in te r ru p te d  a t  
f r e q u e n t  in te rv a ls  (p e rh a p s  daily ) a t  ' s to p o v e r '  po in ts ,  w i t h  the



bats  re s t in g  and fe e d in g  to  re p le n is h  e n e rg y  re q u i re m e n ts .  Thus,  
the  m a in te n a n c e  o f  s u i ta b le  m ig ra t io n  c o r r id o rs ,  and  s u f f ic ie n t  
p re y  a t  s to p o v e r  po in ts ,  m a y  be an im p o r ta n t  c o n s e rv a t io n  re- 
q u i r e m e n t f o r  m ig ra t in g  bats. T h es e  re q u i r e m e n ts  m a y  be t h r e a t ­
ened  by o th e r  fa c to rs ,  s u c h  as la n d -u s e  p a t te rn s ,  and c l im a te  
c h a n g e  has th e  p o te n t ia l  to e x a c e rb a te  th e s e  p rob lem s.
A  to ta l  o f  22 b a t  s p e c ie s  o c c u r  in the  C a r ibbean  UKOTs, bu t  
in fo rm a t io n  on the  s ta tu s  and p op u la t io n s  o f  th e s e  s p e c ie s  on 
m o s t  sm a ll  is lands  is in c o m p le te .  M a n y  o f  th e  C a r ib b ea n  is land 
p op u la t io n s  have  been  re c o g n is e d  as s e p a ra te  (se d en ta ry )  s u b ­
s p e c ie s ,  th o u g h  th e i r  v a l id i ty  re q u i re s  v e r i f ic a t io n .  M ig ra to r y  
in d iv id ua ls  o f  o th e r  s u b s p e c ie s  m a y  a lso  o c c u r  c o n te m p o r a n e ­
ous ly  fo r  p a r t  of the  year.
The p re d ic te d  in c re a s e  in in c id e n c e  and ,  p a r t ic u la r ly ,  in te n s i ty  of 
s to rm s  in the  C a r ib b ea n  is l ike ly  to re s u l t  in d a m a g e  to  r o o s t  s i tes  
(e.g. t re e s ,  b u i ld ing s ,  e tc )  and fo ra g in g  h a b i ta ts  (e s p e c ia l ly  f r u i t  
and f l o w e r  fe e d e rs  th ro u g h  s t r ip p in g  o f  f l o w e r s  and s e ed s / f ru i t ) .  
S tu d ie s  o f  b a t  p o p u la t io n s  a f te r  h is to r ic a l  e v e n ts  have  s h o w n  
m ixed  pa t te rns .  P o p u la t io n s  o f  so m e  s p e c ie s  do re c o v e r  in the  
s h o r t  to m e d iu m  te rm ,  b u t  g iven  the  g e n e ra l ly  s lo w  re p ro d u c t iv e  
ra te  o f  m a n y  s p e c ie s ,  an in c re a s e d  f r e q u e n c y  o f  s to rm s  is l ike ly  
to be o f  c o n c e rn .
S e a - le ve l  r ise  m a y  a f f e c t  th e  s u i ta b i l i ty  o f  s o m e  fo ra g in g  h a b i ta ts  
and c o a s ta l  ro o s t  caves .

e. Terrestrial Mammals
M ig ra to r y  jo u rn e y s  are less c o m m o n  in te r re s t r ia l  m a m m a ls  th a n  
o th e r  g ro up s .  The m o s t  f a m i l ia r  and w e l l  s tu d ie d  m ig ra t io n s  are  
th o s e  u n d e r ta k e n  by la rg e  h e rb iv o ro u s  m a m m a ls  t h a t  fee d  on 
se a s o n a l  g ra ss e s ,  s u c h  as W i ld e b e e s t  Connochaetes taurinus 
and Car ibou (R e indee r)  Rangifer taurandus. The  CM S c o v e rs  a 
n u m b e r  of ' t e c h n ic a l '  m ig ra n ts .  T h es e  a re  s p e c ie s  s u c h  as the  
M o u n ta in  Gor i l la  Gorilla gorilla beringei, w h ic h  c ro s s  ra n g e  s ta te  
b o u n d a r ie s  in th e  c o u rs e  of th e i r  m o v e m e n ts ,  bu t  w h ic h  do n o t  
have  re g u la r  s e a s o n a l  m ig ra t io n s  in the  m o re  t ra d i t io n a l  sense .
The re a s o n s  f o r  m ig ra t io n  a re  n o t  a lw a y s  c le a r  b u t  m a y  in c lu d e  
m o v e m e n ts  b e tw e e n  a re a s  of s e a s o n a l  fo o d  a b u n d a n c e ,  
c h a n g e s  in a v a i la b i l i ty  o f  d r in k in g  w a te r ,  a v o id a n c e  o f  p re d a to rs  
or a c c e s s  to  foo d  w i t h  e s s en t ia l  m ine ra ls .  A  p a r t i c u la r  jo u r n e y  
m a y  be u n d e r ta k e n  f o r a  c o m b in a t io n  o f  th e s e  fa c to rs ,  and  d i f fe r ­

e n t  f a c to r s  m a y  s t im u la te  d i f fe re n t  p ha se s  o f  th e  a nn u a l  m ig ra t ­
o ry  c y c le .  C o nse q ue n t ly ,  m a n y  of th e  p o te n t ia l  im p a c ts  o f  c l im a te  
need  to be a sse s s e d  on a s p e c ie s  by s p e c ie s  basis.
A s  m a n y  m ig ra t io n s ,  p a r t i c u la r l y  o f  h e rb iv o re s ,  t r a c k  se a s o n a l  
c h a n g e s  in v e g e ta t io n ,  c l im a te  c h a n g e  has the  p o te n t ia l  to 
a l te r  m ig ra to r y  ro u te s  (and t im in g s ) ,  w h ic h  m a y  in c re a s e  c o n ­
f l i c t s  w i t h  h u m a n s ,  p a r t i c u la r l y  in a re as  w h e r e  ra in fa l l  is low. 
L an d -use  p a t te rn s  in A f r ic a  ca n  p re v e n t  a n im a ls  a d a p t in g  th e i r  
m ig ra to r y  ro u te s ,  fo r  e x a m p le ,  p a rk  b o u n d a ry  f e n c e s  have  been 
d e m o n s t ra te d  to  d is ru p t  m ig ra to r y  jo u rn e y s ,  le ad in g  to a p o p u la ­
t io n  d e c l in e  in W i ld e b e e s t .
C h anged  m ig ra to r y  ro u te s  m a y  a lso  h ave  e f fe c ts  t h r o u g h o u t  the  
e c o s y s te m .  P re d a to r  p o p u la t io n s  m a y  e x p e r ie n c e  a re d u c t io n  
in the  n u m b e r  o f  a v a i lab le  prey. G ra ss la nd  e c o s y s te m s  m a y  re ­
qu ire  p e r io d s  w h e n  g raz ing  p re s s u re  is re la t iv e ly  lo w  to re c o v e r  
f ro m  the  e f fe c ts  o f  g raz ing  and in c re a s e  a b o v e -g ro u n d  b iom ass  
to  c o u n te r  h ig h e r  g raz ing  p re s s u re  a t  o th e r  t im e s  o f  the  year. 
A s  m ig ra t io n  te m p o ra r i l y  r e d u c e s  lo c a l  g raz ing  p re s s u re ,  loca l  
e c o s y s te m s  m a y  n o t  be ab le  to  c o p e  w i t h  h igh  leve ls  of g raz ing  
t h r o u g h o u t  the  y e a r  if  f o r m e r ly  m ig ra to r y  p o p u la t io n s  b e c o m e  
res iden t .
T im ing  o f  r e p ro d u c t io n  in m a m m a ls  is in f lu e n c e d  by te m p e r ­
a tu re ,  a t  le a s t  fo r  n o r th e rn  p o p u la t io n s ;  a d v a n c e m e n t  in b re e d ­
ing se a s o n  has been  d e m o n s t ra te d  in a f e w  c a s e s ,  th o u g h  n o t  in 
m ig ra to r y  sp e c ie s .  I t  is u n k n o w n  h o w  th is  m ig h t  be a f fe c te d  by 
c h a n g e s  in m ig ra to r y  p a t te rn s ,  c o n s e q u e n t  on c h a n g e s  in foo d  
s u p p l ie s  in re la t io n  to c l im a te  c h a n g e .  G ro w th  ra tes ,  p a r t i c u la r l y  
o f  ju v e n i le s ,  have  been  d e m o n s t ra te d  to be d e p e n d e n t  on c l im a ­
t ic  fa c to r s  in u n g u la te  s p e c ie s  and re la te  to the  a v a i la b i l i ty  and, 
im p o r ta n t ly ,  q u a l i t y  of the  fo o d  supp ly .  The  im p a c ts  o f  c l im a te  
c h a n g e  on foo d  s u p p l ie s  and m ig ra to r y  b e h a v io u r  m a y  have  im ­
por ta  n t c o n s e q u e n c e s f o r t h e  g ro w th  o f  m ig ra to r y  u n g u la te s ,  bu t  
th e s e  a re  la rg e ly  u n e x p lo re d  a t  the  m o m e n t .
If m a m m a l  c o m m u n i t ie s  c h a n g e  in re s p o n se  to c l im a t ic  sh if ts ,  
in te r -s p e c i f ic  re la t io n s h ip s  (e.g. c o m p e t i t io n )  are  l ike ly  to alter. 
S uch  e f fe c ts  m a y  be im p o r ta n t  in s o m e  in s ta n c e s  and have  been 
d e m o n s t ra te d  in tw o  cases :  smal l  r o d e n t  c o m m u n i t ie s  in A u s t ra ­
l ian t ro p ic a l  fo re s t ,  and in ra n ge  c h a n g e s  in European  s h r e w  
Sorex sp ec ie s .  H o w e ve r ,  g e n e ra l is a t io n s  a re  u n l ike ly  to  be pos ­
s ib le  as the se  w i l l  be d e p e n d e n t  on s p e c ie s -s p e c i f ic  e c o lo g ic a l  
fa c to rs .
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f. Insects
V ery  l i t t le  is k n o w n  a b o u t  the  m ig ra to r y  b e h a v io u r  o f  in s ec ts ;  
v i r tu a l ly  all th e  w o r k  t h a t  has  been  done  c o n c e rn s  p e s t  s p e c ie s ,  
s u c h  as the  d e s e r t  l o c u s t  Schistocerca gregaria, o r  the  L e p id o p ­
te ra  (b u t te r f l ie s  and m o ths ) ,  s u c h  as the  M o n a r c h  Danaus ple- 
xippus ( the o n ly  in s e c t  l is ted  by the  CM S, a l th o u g h  m o s t  g ro up s ,  
p a r t i c u la r l y  o f  th e  la rg e r  in s e c ts ,  have  re p re s e n ta t iv e s  t h a t  can 
be c o n s id e re d  m ig ra to ry .
T he  d e f in i t io n  o f  a m ig ra to r y  s p e c ie s ,  as used by th e  C M S, is 
less  a p p l ic a b le  in in s e c t  ta x a ,  as in re la t iv e ly  f e w  s p e c ie s  do 
p a r t i c u la r  in d iv id u a ls  m ake  a c o m p le te  re tu rn  jo u rne y .  For in v e r ­
te b ra te s ,  the  a nn u a l  c y c le  o f  m ig ra t io n  m a y  c o n s is t  o f  se v e ra l  
s u c c e s s iv e  g e n e ra t io n s  r a th e r  th a n  the  s a m e  in d iv id ua ls ;  on ly  
in s o m e  s i tu a t io n s  ca n  th is  be c o n s id e re d  to  be m ig ra t io n  w i th  
a p re d ic ta b le  t r a je c to r y  and re tu rn  phase.  F e w  in s e c ts  c ro s s  
ra n ge  s ta te  b o u n d a r ie s  in th e i r  jo u rn e y s ;  in m a n y  ca s e s ,  th is  is a 
c o n s e q u e n c e  of the  s c a le  o f  th e i r  jo u rn e y s  re la t iv e  to  te r r i to r ia l  
areas .
In b road  te rm s ,  in v e r te b ra te  m ig ra t io n  o c c u r s  b e c a u s e  the  d e ­
s t in a t io n  p ro v id e s  b e t te r  p o te n t ia l  o p p o r tu n i t ie s  fo r  b re ed in g  and 
fe e d in g  re s o u rc e s  th a n  th e  c u r r e n t  lo c a t io n .  The lo c a t io n  of s u i t ­
ab le  r e s o u rc e s  m a y  v a ry  f ro m  y e a r - to - y e a r ,  even  f ro m  m o n th -  
to -m o n th ,  so m ig ra t io n  d e s t in a t io n s  ca n  be q u i te  d y n a m ic  and 
u n p re d ic ta b le ,  as can  ra n g e  lim its.
A lm o s t  by d e f in i t io n ,  p e s t  s p e c ie s  ten d  to  be h ig h ly  a da p ta b le  
and o c c u r  in la rg e  p o p u la t io n s .  C l ima te  c h a n g e  is u n l ik e ly  to 
a d v e rs e ly  a f f e c t  th e m ,  a l th o u g h  i t  m a y  s h i f t  t h e i r  d is t r ib u t io n a l  
ra n ge ,  w h ic h  m a y  have  an im p a c t  on h u m a n  ac t iv i t ies .
T h e re  is g ro w in g  e v id e n c e  o f  d is t r ib u t io n a l  sh i f ts  in in v e r te b ra te s ,  
f o r  e x a m p le  a m o n g s t  b u t te r f l ie s  and d ra g o n f l ie s  (O dona ta )  in the  
UK. A  n o r th w a rd s  s h i f t  in d is t r ib u t io n  has  been  w i tn e s s e d  as 
c l im a te  w a rm in g  m a k e s  m o re  n o r th e r ly  a re a s  m o re  s u i ta b le  fo r  
c o lo n is a t io n ,  fo r  e x a m p le  t w o  s p e c ie s  o f  b u t te r f ly  C louded  Yel­
l o w  Colias croceus and Red A d m ira l  Vanessa atalanta a re  n o w  
o v e r -w in te r in g  in th e  UK.
C hanges  in th e  t im ing  of a p p e a ra n c e  of a d u l t  b u t te r f l ie s  (w h ic h  
is d e p e n d e n t  p r im a r i ly  on te m p e ra tu re )  are  w e l l  d o c u m e n t ­
ed. Th is  m a y  lead to m is m a tc h e s  b e tw e e n  th e  a p p e a ra n c e  of 
p o p u la t io n s  and the  a b u n d a n c e  o f  fo o d  p lan ts  a t a n  a p p ro p r ia te  
g ro w th  s tage .  M ig r a to r y  s p e c ie s ,  be ing  m o re  m o b i le ,  w i l l  have  a
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g re a te r  c a p a c i t y  to  a d a p t  to th e s e  c h a n g e s  th a n  s e d e n ta ry  s p e ­
c ie s  (w h ic h  o f te n  re ly  on h ig h ly  s p e c ia l is e d  hab i ta ts ) ,  so a re  less 
a t  r isk  th a n  o th e r  sp ec ie s .

6. Migratory Species -  Conservation 
Priorities

In te r re s t r ia l  e c o s y s te m s ,  tw o  issu es  p o te n t ia l ly  a f f e c t  a la rge  
ra n ge  o f  m ig ra to r y  s p e c ie s :  (i) changes in water resources 
-  p a r t i c u la r l y  w e t la n d  qua l i ty ,  s i te  m a in te n a n c e  and in c re a s e d  
d e s e r t i f ic a t io n ;  (ii) loss of vulnerable habitats -  p a r t i c u la r l y  t u n ­
dra, c lo u d  fo re s t ,  sea  ice  and lo w - ly in g  c o a s ta l  a re as ,  e s p e c ia l ly  
in sm a l l  is land  s ta tes .  M a n y  o f  th e s e  a re a s  a lso  fa c e  se ve re  
a n th ro p o g e n ic  th rea ts .
D i f fe re n t  c o n s e rv a t io n  a p p ro a c h e s  a re  re q u i re d  fo r  'b ro a d - f r o n t '  
and l e a p '  m ig ra n ts  (see above) .  B ro a d - f r o n t  m ig ra n ts  w i l l  b e n e ­
f i t  f r o m  m o d i f ic a t io n s  to  e x te n s iv e  la n d -u s e  a long  the  m ig ra to r y  
ro u te ,  w h e r e a s ,  leap  m ig ra n ts  re q u i re  a c o h e r e n t  s i te  n e tw o rk ,  
w i t h  the  q u a l i t y  o f  in d iv id ua l  s i tes  be ing  o f  c r i t i c a l  im p o r ta n c e .  In 
most cases, the impacts of climate change need to be integrated 
with other economic, social and conservation objectives.
For leap migrants, maintenance of a coherent network of stop­
over sites w ill be required. C u rre n t ly  th e re  is a la c k  o f  even  som e  
o f  the  m o s t  bas ic  s y n th e s e s  o f  in fo rm a t io n  t h a t  a re  re q u i re d  fo r  
c o n s e rv a t io n  ac t ion .  There is an urgent need to collate informa­
tion on migratory stopover sites to identify coherent migratory 
networks. Th is  w o u ld  p ro v ide  a s t ra te g ic ,  in te rn a t io n a l  o v e r v ie w  
and e n a b le  c le a r  id e n t i f i c a t io n  o f  s i te  p ro te c t io n  p r io r i t ie s  fo r  
leap  m ig ra n ts .  M u c h  o f  th is  in fo rm a t io n  is a v a i la b le  fo r  b irds ,  so 
th is  co u ld  be a c h ie v e d  re la t iv e ly  s t r a ig h t f o r w a rd l y  fo r  the  key 
f ly w a y s .  The  s a m e  c o n s id e ra t io n  m a y  a lso  a p p ly  to o th e r  t a x o ­
n o m ic  g roups .
For broad-front terrestrial migrants, the creation of suitable 
migratory habitat, such as wildlife-friendly field margins, 
hedgerows, small copses and ponds have potential to allow  
migrants to adapt to climate change. W h e r e  th e s e  a re  absen t ,  
p o p u la t io n s  m a y  n o t  be ab le  to  a d a p t  s u f f ic ie n t ly  and h e n c e  w i l l  
s u f fe r  n eg a t iv e  im p a c ts .  The  UK's Entry  Level S c h e m e  f o r fa r m e r s  
p ro v id e s  an e x c e l l e n t  m o d e l  f o r  e n c o u ra g in g  s u c h  fea tu re s .



In areas with remaining pristine habitat, the creation of pro­
tected trans-boundary habitat corridors is likely to be a great 
benefit. Th is  w i l l  he lp  b ro a d - f r o n t  m ig ra n ts  as w e l l  as m ig ra n ts  
a t  the  end of th e i r  m ig ra t io n s .  C u r re n t ly  it  is an a p p ro a c h  app l ied  
p a r t i c u la r l y  in th e  A m e r ic a s ,  e.g. the  M e s o - A m e r ic a n  Corr idor,  
th ro u g h  C entra l  A m e r ic a .
The priority for adapting to change in the marine environment 
will be to manage human impacts on the resources required 
by migratory species through ecosystem-based management.
One w a y  to a c h ie v e  th is  w o u ld  be to d e s ig n a te  m a r in e  p ro te c te d  
a re as  (a.k.a. 'n o - ta k e  zones ')  fo r  the  p re y  o f  m a r in e  m a m m a ls  
a t  key  s i tes.  H o w e v e r ,  th e  lo c a t io n s  o f  s u c h  a re as  are l ike ly  to 
c h a n g e  o v e r t im e ,  and p ro te c t io n  w i l l  re q u i re  v e ry  d i f fe re n t  le g is ­
la t ion  th a n  a n y th in g  t h a t  has been  d ev e lo p e d  to date. T h e re  w i l l  
need  to be a d e g re e  o f  f le x ib i l i t y  in the  e s ta b l is h m e n t  o f  p ro te c te d  
a re as  f o r  m a r in e  m a m m a ls ,  su c h  as S p e c ia l  A re a s  o f  C o n s e rv a ­
t ion  (SAC) to  ta ke  a c c o u n t  o f  th e  p o te n t ia l  fo r  sh i f ts  in th e  ra n ge  
of s p e c ie s  w i t h  c l im a te  c h an g e .
Maintain large population sizes. S u c c e s s fu l  a d a p ta t io n  to 
c h a n g e d  c l im a t ic  f a c to r s  (and c o n s e q u e n t ly  h ab i ta t)  w i l l  re q u i re  
s u f f i c i e n t  g e n e t ic  v a r ia t io n  p re s e n t  in the  p o p u la t io n ,  w h ic h  w i l l  
be re la te d  to p o p u la t io n  size.

7. Migratory Species -  Monitoring 
and Research Priorities

M a n y  lo n g - te rm  m o n i to r in g  p ro g ra m s  ex is t ,  w h ic h  have  been  
s u c c e s s fu l  in id e n t i fy in g  c o n s e rv a t io n  p r io r i t ie s  and p rov id ing  
b a s e - l in e  data  a g a in s t  w h ic h  to m e a s u re  the  im p a c ts  o f  c l im a te  
c h a n g e .  A commitment to long-term support of these schemes 
is critical to ensure their existence, and to ensure best value 
by utilising existing data collection networks. B e t te r  use a lso 
n ee d s  to be m ade  of ex is t ing  da ta ,  fo r  e x a m p le  in us ing  p o p u la ­
t io ns  on te m p e ra te  n o n -b re e d in g  g ro u n d s  to p ro v id e  in d ic e s  of 
a rc t ic  b re ed in g  p o p u la t io n s  (w h e re  la rg e -s c a le  da ta  c o l le c t io n  
is im p ra c t ic a l ) .
Develop standardised protocols for monitoring populations.
Clima te  c h a n g e  is a g loba l p h e n o m e n o n  and m ig ra to r y  s p e c ie s  
m a y  c ro s s  m a n y  ra n g e  b o u n d a r ie s .  S ta n d a rd is e d  data  c o l l e c ­
t ion  is re q u i re d  if  m o n i to r in g  is to be e f fe c t iv e .  A  un i f ie d  s ys tem

of a le r ts ,  to  id e n t i fy  fu tu re  p ro b le m s ,  and th re s h o ld s  to  id e n t i fy  
w h e n  e n v i r o n m e n ta l  m a n a g e m e n t  is s u c c e s s fu l  sh ou ld  be d e ­
v e lop e d .
A l th o u g h  the  im p o r ta n c e  o f  s u c h  m o n i to r in g  is e x p l ic i t ly  r e c o g ­
n ised  by A S C O B A N S ,  c u r r e n t  k n o w le d g e  o f  cetacean popula­
tion status, movements and habitat requirements is patchy 
and good baseline data are urgently needed for many species.
A l th o u g h  m a n y  E u rop e an  c o u n t r ie s  have  c e ta c e a n  s t ra n d in g s  
n e tw o rk s ,  w h ic h  p ro v ide  v a lu a b le  da ta ,  the  m a jo r i t y  a re  run  by 
th e  v o lu n ta r y  s e c to r  and bo th  c o -o rd in a t io n  o f  th e i r  w o r k  and 
th e  p ro v is io n  o f  c o re  fu n d in g  a re  n ee d ed  to s e c u re  th is  so u rc e  
o f  in fo rm a t io n .
In fo rm a t io n  on o c c u r re n c e ,  a b u n d a n c e  and e c o lo g y  o f  m ig ra t ­
o ry  s p e c ie s  in the  UKOT and on in t ra - t ro p ic a l  m ig ra n ts  (w h e re  
a n th ro p o g e n ic  t h re a ts  a re  g re a te s t )  is l im i ted ,  structured pro­
grammes of survey and monitoring are needed to inform the 
setting of conservation priorities.
Identify indicator species, in c lu d in g  th o s e  t h a t  m ig h t  in d ica te  
s i te  c o n d i t io n  and the  c o n d i t io n  of m ig ra t io n  rou tes .
P o p u la t io n s  us ing  m ig ra to r y  s ta g in g  do n o t  do so s y n c h ro n o u s ly ,
i.e. th e re  can  be a c o n s id e ra b le  tu r n o v e r  o f  in d iv id u a ls  so the  
p e a k  c o u n t  m a y  n o t  re la te  to  th e  to ta l  n u m b e rs  us ing  a site. This 
m a y  a f f e c t  th e  id e n t i f i c a t io n  o f  d e s ig n a te d  s i tes ,  the  im p o r ta n c e  
o f  w h ic h  is o f te n  d e te rm in e d  by the  p e a k  n u m b e r  o f  in d iv id u a ls  
c o u n te d  in the  site. There is a need to develop software for prac­
titioners to accurately assess the total number of individuals 
using the site, to e n s u re  s i te  im p o r ta n c e  is p ro p e r ly  eva lu a ted .  
Q ua n t i ta t iv e  p re d ic t io n s  on the  im p a c ts  o f  c l im a te  c h a n g e  on 
p o p u la t io n s  a re  e x t r e m e ly  d i f f i c u l t  as p o p u la t io n  p ro c e s s e s  are 
o f te n  d e n s i t y -d e p e n d e n t ,  re s u l t in g  in a b u f fe r in g  of p op u la t io n  
size. Research into assessing the strength and effect of density- 
dependent processes on population size is needed, though 
fraught with difficulties.
In a d a p t in g  to  c l im a te  c h a n g e ,  in te ra c t io n s  w i t h  s o c io - e c o n o m ic  
fa c to rs ,  s u c h  as p re v a i l in g  la n d -u s e  are l ike ly  to  be p a ra m o u n t ,  
both  as a c o n s t ra in t  on th e  e x te n t  to w h ic h  a d a p ta t io n  ca n  o c c u r  
and as an e x a c e rb a t in g  fac to r .  In g e n e ra l ,  a n th ro p o g e n ic  f a c ­
to rs ,  e.g. h a b i ta t  loss  and o v e re x p lo i ta t io n  o f  r e s o u rc e s ,  a re  the  
m o s t  c r i t i c a l  is su es  in th e  c o n s e rv a t io n  o f  e n d a n g e re d  sp e c ie s .
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The interaction of socio-economic factors with climate change 
is poorly understood and predictions of climatic impacts cur­
rently take relatively little account of them.

8. Migratory Species -  
Legislative Requirements

T he  CM S has a l re a d y  had m a n y  c o n s e rv a t io n  s u c c e s s e s ,  pa r ­
t i c u la r l y  th ro u g h  the  d e v e lo p m e n t  o f  re g io n a l ly  and ta x o n o m i-  
c a l ly  based  a g re e m e n ts  t h a t  a im  to  p ro m o te  the  c o n s e rv a t io n  
o f  c e r ta in  g ro u p s  o f  m ig ra to r y  w i l d l i f e  t h r o u g h o u t  th e i r  range  
s ta tes .  Given the species specific nature of the climate change 
threats faced by migratory species, the explicit incorporation of 
climate change considerations within specific Agreements and 
Memoranda of Understanding will provide flexibility to address 
particular threats to migratory wildlife. In m a n y  c a s e s  m in im is ­
ing o th e r  t h re a ts  to p o p u la t io n s  to  a l lo w  p o p u la t io n s  to  a d a p t  to 
a c h a n g in g  c l im a te  m a y  be the  m o s t  use fu l  w a y  fo rw a rd .
In terrestrial systems adaptation measures may be successful 
in maintaining or restoring a secure conservation status for 
many species. In marine systems, however, mitigation of cli­
mate change may be the only solution (i.e. r e d u c t io n  in a n th ro ­
p o g e n ic  g re e n h o u s e  gas e m iss io n s ) ,  as h a b i ta t  m a n a g e m e n t  at 
a s u f f i c i e n t  s c a le  w i l l  be v i r tu a l ly  im po ss ib le .
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In a d d re ss in g  the  c o n s e rv a t io n  c h a l le n g e s  o f  c l im a te  c h a n g e ,  
a m u l t i - fu n c t io n a l  a p p ro a c h  is l ike ly  to be m o s t  s u c c e s s fu l .  
Th is  a p p ro a c h  en ta i ls  c o n s id e r in g  the  b en e f i ts  o f  e c o s y s te m  
p re s e rv a t io n  f ro m  a h o l is t ic  v ie w p o in t ,  c o n s id e r in g  both  the  
a n th ro p o g e n ic  and w i ld l i fe  bene f i ts .  It is m u c h  m ore  l ike ly  t h a t  
c o n s e rv a t io n  goa ls  w i l l  be a c h ie v e d  if t h e y  are p a r t  o f  e c o s y s te m  
m a n a g e m e n t  w i th  w id e r  a im s  s u c h  as f lo o d p la in  m a n a g e m e n t ,  
c o as ta l  p ro te c t io n  o r  p re ven t ing  d e fo re s ta t io n  to re d u c e  soil 
e ros ion .  Frameworks for integrated land-use planning exist in 
a number of different parts of the world, and they could valuably 
be developed and implemented more widely elsewhere.

Clima te  c h a n g e  m a y  be th e  l a s t  s t r a w '  fo r  m a n y  m a r in e  s p e ­
c ies ,  w h ic h  a re  a l re a d y  u n d e r  s e v e re  a n th ro p o g e n ic  p ressure .  
Strengthening protection for marine species and ecosystems 
should improve their ability to adapt to changing climatic con­
ditions.

Exploiting synergies between treaties and conventions, e.g. 
joint work programmes, would provide increased value, better 
co-ordination and improved focus, as well as facilitating the 
development of key priorities.



CLIMATE CHANGE AND MIGRATORY SPECIES
Adopted by the Conference o f the Parties at its Eighth Meeting 
(Nairobi, 20 -25  November 2005)

Conscious o f  the  f in d in g s  o f  the  In te r -g o v e rn m e n ta l  Panel on Cli­
m a te  C h an g e 's  Third Assessment Report - Climate Change 2001, 
e s p e c ia l ly  in re la t io n  to th e  v u ln e ra b i l i t y  o f  h ab i ta ts  and s p e ­
c ie s  to th e  d i r e c t  and  in d i r e c t  c o n s e q u e n c e s  o f  u n p re c e d e n te d  
c h a n g e s  to  the  g lob a l  c l im a te ;
Further conscious o f  th e  ro le  t h a t  th e  C o nve n t ion  has  in f a c i l i ­
ta t in g  a c h ie v e m e n t  o f  the  2010 b io d iv e rs i ty  t a r g e t  u n d e r  the  
C o nv e n t ion  on B io lo g ic a l  D iv e rs i ty  (CBD) and the  need  to w o r k  
c o l la b o ra t iv e ly  w i t h  the  Un ited  N a t io n s  F ra m e w o rk  C onven t ion  
on C l imate  Change  (UNFCCC);
Also aware o f  th e  f in d in g s  o f  the  CBD T e c h n ic a l  R e p o r t  on in te r ­
l in ka g e s  b e tw e e n  b io lo g ic a l  d iv e rs i ty  and C l imate  Change  and 
t h a t t h i s  R e po r t  is to  be fo l lo w e d  up by one  issued  in 2006 on the  
in te g ra t io n  of b io d iv e rs i ty  c o n s id e ra t io n s  in th e  im p le m e n ta t io n  
o f  C l imate  Change  a d a p ta t io n  a c t iv i t ie s  a t t h e  lo c a l  leve l th ro u g h  
to  the  in te rn a t io n a l  level;
Recognizing t h a t  C l im a te  Change  m a y  s ig n i f i c a n t ly  a f f e c t  the  
b eh a v iou r ,  d is t r ib u t io n  and a b u n d a n c e  o f  m ig ra to r y  s p e c ie s  and 
m a y  c h a n g e  th e  e c o lo g ic a l  c h a r a c te r  o f  th e i r  h ab i ta ts ;
Aware t h a t  C l ima te  Change  issu es  w e r e  c o n s id e re d  a t  the  5th 
C o n fe re n c e  o f  th e  P ar t ies  w h ic h  re s u l te d  in a r e q u e s t  t h a t  the  
S c ie n t i f ic  C ounc i l  e s ta b l is h  a sm a l l  w o rk in g  g ro u p  to re v ie w ,  
a m o n g s t  o th e r  th in g s ,  th e  s c ie n t i f i c  w o r k  d on e  by o th e r  bod ies  
on C l imate  Change;
Further aware t h a t  th e  C o nve n t ion  c o n s id e rs  it  im p o r ta n t  to 
base  its d e c is io n s  on the  b e s t  and m o s t  r e c e n t  s c ie n t i f i c  data  
ava i lab le ;
Noting t h a t  the  d e s k  s tu d y 1 in to  th e  e f fe c ts  o f  C l imate  Change  on 
m ig ra to r y  s p e c ie s  c o m m is s io n e d  by the  UK G o v e rn m e n t  e a r l ie r  
th is  y e a r  fo u n d  tha t:
1. m ig ra to r y  s p e c ie s  have  been ,  and w i l l  c o n t in u e  to be, a d v e rs e ­

ly a f fe c te d  by C l imate  Change;

2. k n o w le d g e  o f  the  l ike ly  im p a c ts  o f  fu tu re  C l im a te  Change 
v a r ie s  g re a t ly  b e tw e e n  ta x o n o m ic  g ro u p s ,  and c o n f id e n t  p re ­
d ic t io n s  on b re ed in g  p e r fo rm a n c e  and su rv iv a l  need  to be 
u n d e rp in n e d  by m ore  re s e a rc h ;  and

3. c h a n g e s  to w a t e r  re g im e s  and loss o f  v u ln e ra b le  h ab i ta ts  are 
l ike ly  to a f f e c t  the  g re a te s t  n u m b e r  o f  m ig ra to r y  s p e c ie s ,  and 
in m a n y  c a s e s  a r e d u c t io n  in h u m a n  im p a c ts  w i l l  he lp  s p e c ie s  
a d a p t t o  th e s e  c h a n g e s ;

Further noting t h a t  the  13th M e e t in g  o f  the  S c ie n t i f ic  C ounc i l  c o n ­
s id e re d  the  issue  o f  th e  e f fe c ts  o f  C l imate  Change  upon  m ig ra t ­
o ry  s p e c ie s  and s u p p o r te d  R eso lu t ion  8.13 C l imate  Change  and 
M ig r a to r y  S p e c ie s ;  in a dd i t io n ,  a round  ta b le ,  c o n v e n e d  a f t e r t h e  
S c ie n t i f ic  Counc i l  to  d is c u s s  th e s e  e f fe c ts  o f  C l imate  Change, 
h ea rd  d e ta i le d  e v id e n c e  o f  the  e x te n t  o f  the  l ike ly  im p a c ts  and 
the  s ig n i f i c a n t  im p l i c a t io n s  fo r  c o n s e rv in g  m ig ra to r y  s p e c ie s ;  
and
Conscious t h a t  the  poss ib le  e f fe c ts  o f  C limate Change  w i th  re le v ­
a n c e  to s o m e  m ig ra to ry  s p e c ie s  and th e i r  h ab i ta ts  have  a lso been 
re c o gn iz e d  by o th e r  M E A s ,  n o ta b ly  the  C onven t ion  on W e t la n d s  
o f  In te rn a t io n a l  Im p o r ta n c e  and the  d e s i ra b i l i ty  fo r  CMS to take  
a c c o u n t  o f  the  w o r k  done  by them ;

The Conference o f the Parties to the Convention on the Conser­
vation o f Migratory Species o f Wild Animals

1. Requeststhe S c ie n t i f ic  C ounc i l  to  a f fo rd  C l imate  Change  h igh  
p r io r i t y  in its fu tu re  p ro g ra m m e  of a c t iv i t ie s ,  and to:
(a) Id e n t i fy  p r io r i t ie s  fo r  fu tu re  re s e a rc h ;
(b) Id e n t i fy  w h ic h  m ig ra to r y  s p e c ie s ,  based  on b e s t  a v a i lab le  

e v id e n c e ,  are  p a r t i c u la r l y  th re a te n e d  by C l imate  Change;
(c) R e v ie w  th e  ra n ge  s ta te s  l is t  fo r  CM S s p e c ie s  as c h a n g e s  

in d is t r ib u t io n  a re  se en  as a c o n s e q u e n c e  o f  C l imate  
C hange;  and

(d) S tre n g th e n  l inks  w i t h  o th e r  M E A s ,  in c lu d in g  UNFCCC, 
t h a t  have  u n d e r ta k e n  re s e a rc h  in to  th e  im p a c ts  o f  Cli­
m a te  Change  on b io d iv e rs i ty  and to  ta k e  a c c o u n t  o f  th a t  
r e s e a rc h ;



2. Instructs the S e c r e ta r ia t  to  w o r k  w i t h  th e  S c ie n t i f ic  C ounc i l  
and s e c re ta r ia ts  o f  the  CM S d a u g h te r  a g re e m e n ts  and th e i r  
s c ie n t i f i c  a d v is o ry  bod ies  on p ro d u c in g  g u id a n c e  t h a t  w o u ld  
he lp  CM S Par t ies  in t ro d u c e  a d a p ta t io n  m e a s u re s  to  help  
c o u n t e r a c t  th e  e f fe c ts  o f  C l im a te  Change  on m ig ra to r y  s p e ­
c ies ;

3. Calls on P a r t ies  and n o n -P a r ty  ra n g e  s ta te s  to  im p le m e n t ,  as 
a p p ro p r ia te ,  a d a p ta t io n  m e a s u re s  t h a t  w o u ld  he lp  re d u c e  the  
f o re s e e a b le  a d v e rs e  e f fe c ts  o f  C l im a te  Change  on A p p e n d ix  I 
s p e c ie s ;  and

4. Encourages the  in i t ia t ion  o f  c o l la b o ra t iv e  in te rn a t io n a l  
re s e a rc h  p ro je c ts  in to the  e f fe c ts  of C limate Change on m ig ra t ­
o ry  s p e c ie s  and th e i r  h a b i ta ts  so as to  b e t te r  u n d e rs ta n d  im p l i ­
c a t io n s  and a p p ro p r ia te  p o l ic y  responses .
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CLIMATE CHANGE AND MIGRATORY WATERBIRDS
Sponsored by the United Kingdom

Conscious o f  the  f in d in g s  o f  the  In te r -g o v e rn m e n ta l  Panel on Cli­
m a te  Change 's  Third Assessment R eport- Climate Change 2001, 
e s p e c ia l ly  in re la t io n  to the  v u ln e ra b i l i t y  o f  h ab i ta ts  and s p e ­
c ie s  to th e  d i r e c t  and  in d i r e c t  c o n s e q u e n c e s  o f  u n p re c e d e n te d  
c h a n g e s  to  the  g lob a l  c l im a te ,
Further conscious o f  th e  ro le  t h a t  A E W A  has in fa c i l i ta t in g  
a c h ie v e m e n t  o f  the  2010 b io d iv e rs i ty  t a r g e t  u n d e r  the  C o n v e n ­
t io n  on B io lo g ic a l  D iv e rs i ty  (CBD),
Also aware o f  th e  f in d in g s  o f  the  CBD T e c h n ic a l  R e p o r t  on in te r ­
l in ka g e s  b e tw e e n  b io lo g ic a l  d iv e rs i ty  and C l im a te  Change  and 
t h a t t h i s  R e p o r t  is to  be f o l lo w e d -u p  by one  issued  in 2006 on the  
in te g ra t io n  of b io d iv e rs i ty  c o n s id e ra t io n s  in th e  im p le m e n ta t io n  
o f  C l imate  Change  a d a p ta t io n  a c t iv i t ie s  a t t h e  lo c a l  level th ro u g h  
to  the  in te rn a t io n a l  leve l ,
Recognizing t h a t  C l im a te  Change  m a y  s ig n i f i c a n t ly  c h a n g e  the  
e c o lo g ic a l  c h a r a c te r  o f  th e  h a b i ta ts  o f  m ig ra to r y  w a te r b i r d s ,  in­
ter alia, t h ro u g h  c h a n g e d  p a t te rn s  o f  la n d -u s e ,  the  loss  o f  in te r ­
t id a l  h ab i ta ts  t h ro u g h  r is ing  s e a - le v e ls ,  th e  loss o r  d e g ra d a t io n  
o f  w e t la n d s ,  p oss ib le  in c re a s e s  in m o r ta l i t y  c a u s e d  by p o te n t ia l  
c h a n g e s  in h a r v e s t  re g im e s ,  and c h a n g e s  in d is t r ib u t io n  o f  w a te r -  
b ird d is e a s e s  and th e i r  v e c to rs ;  and t h a t  s u c h  c h a n g e s  o p e ra t ­
ing a t  d i f fe re n t  s c a le s  w i l l  have  c o n s e q u e n c e s  fo r  th e  s ta tu s  and 
t re n d s  o f  w a te r b i r d  p op u la t io n s ,
Recognizing a lso  t h a t  C l imate  Change  m a y  s ig n i f i c a n t ly  a f f e c t  
th e  b e h a v io u r  o f  m ig ra to r y  w a te r b i r d s ,  b r in g ing  a b o u t  c h a n g e s  
in th e  t im ing  of re p ro d u c t io n  and m ig ra t io n ,  and in s p a t ia l  p a t ­
te rn s  o f  h a b i ta t  use, inter alia, t h ro u g h  c h a n g e s  in the  e c o lo g ic a l  
c h a r a c t e r  o f  h ab i ta ts ,
Notingthatthe  re g u la t io n  of h a rv e s t in g ,  to  re m a in  in a c c o r d a n c e  
w i t h  the  p r in c ip le  o f  s u s ta in a b le  use  as e n v is a g e d  by the  A c t io n  
Plan, sh ou ld  be re s p o n s iv e  to  s ig n i f i c a n t  c h a n g e s  in p re s s u re s  
on w a te r b i r d s  c a u s e d  by C l im a te  Change,

Aware t h a t  s t ra te g ie s  fo r  the  c o n s e rv a t io n  of p ro te c te d  a re a s  fo r  
w a te r b i r d s ,  d e v e lo p e d  a c c o rd in g  to  th e  e c o s y s te m  a p p ro a c h ,  
need  to  ta k e  in to  a c c o u n t  the  p o te n t ia l  e f fe c ts  o f  C l ima te  Change 
and be a d a p te d  to e n s u re  the  m a in te n a n c e  o f  th e  e c o lo g ic a l  
f u n c t io n s  of the  in d iv id u a l  a re as  w i t h in  th e  f r a m e w o r k  o f  f l y w a y -  
s c a le  n e tw o rk s ,
Noting also t h a t  s u c h  c h a n g e s  w i l l  s ig n i f i c a n t ly  in f lu e n c e  m e a s ­
u re s  to a c h ie v e  A E W A 's  f u n d a m e n ta l  o b je c t iv e ,  w h ic h  is to  m a in ­
ta in  m ig ra to r y  w a te r b i r d  s p e c ie s  in a f a v o u ra b le  c o n s e rv a t io n  
s ta tu s ,  o r  re s to re  th e m  to  s u c h  s ta tu s ,  and y e t  a w a r e  t h a t  the  
A g re e m e n t 's  A c t i o n  Plan m a ke s  no re fe re n c e  to  th e  c o m p le x  
issu es  rose  by c l im a t ic  c h a n g e  and its d i r e c t  and in d i r e c t  c o n ­
s e q u e n c e s ,
Consciousthatthe poss ib le  e f fe c ts  o f  C l ima te  Change  on e c o s y s ­
te m s  and b io lo g ic a l  d iv e rs i ty  have  been  no ted  by the  C o nve n t ion  
on M ig r a to r y  S p e c ie s  (CMS),  and t h a t  in p a r t i c u la r  CM S has 
re c o g n ize d  th e  need  to e n s u re  t h a t  its d e c is io n s  a re  based  on 
the  b e s t a n d  m o s t  r e c e n t  s c ie n t i f ic  data  ava i lab le ,
Aware t h a t  the  S c ie n t i f ic  C ounc i l  o f  CM S has e s ta b l is h e d  a w o r k ­
ing g ro u p  to r e v ie w  s c ie n t i f i c  w o r k  be ing  u n d e r ta k e n  on C l imate  
C hange,  to a ssess  th e  re le v a n c e  o f  th is  to  m ig ra to r y  s p e c ie s  and 
the  a im s  o f  CM S, and to  s t re n g th e n  l inks  w i t h  o th e r  bod ies  w o r k ­
ing on th is  issue,
Noting th e  d e s k  s tu d y  in to  the  e f fe c ts  o f  C l imate  Change  on 
m ig ra to r y  s p e c ie s  c o m m is s io n e d  by the  UK G o v e rn m e n t  e a r l ie r  
th is  y e a r  found :
•  m ig ra to r y  s p e c ie s  have ,  and w i l l  c o n t in u e  to  be, a d v e rs e ly  

a f fe c te d  by C l imate  Change  -  o v e r  80% o f  CMS l is ted  bird s p e ­
c ie s  f a c e  s o m e  t h r e a t f r o m  it, a lm o s t  h a l f  b e c a u s e  o f  c h a n g e s  
in w a t e r  re g im e s ,

•  m ig ra to r y  w a d e rs ,  s u c h  as th e  Red K no t  Calidris canutus, a re  
e x p e c te d  to fa c e  la rg e  p o p u la t io n  d e c l in e s  and the  S p o o n ­
b il led  S a n d p ip e r  Eurynorhynchus pygmeus f a c e s  e x t in c t io n ,



•  t h a t  k n o w le d g e  o f  th e  l ike ly  im p a c ts  o f  fu tu re  C l imate  Change 
v a r ie s  g re a t ly  b e tw e e n  ta x o n o m ic  g ro u p s ,  bu t  the  b e s t  k n o w ­
le dg e  e x is ts  fo r  b irds,

•  t h a t  c o n f id e n t  p re d ic t io n s  on b re e d in g  p e r fo rm a n c e  and s u r ­
v iva l  need  to be u n d e rp in n e d  by m ore  re s e a rc h ,  and

•  t h a t c h a n g e s  to w a t e r  re g im e s  and loss o f  v u ln e ra b le  h a b i ta ts  
a re  l ike ly  to  a f f e c t  th e  g re a te s t  n u m b e r  o f  m ig ra to r y  s p e c ie s ,  
and in m a n y  ca s e s  a r e d u c t io n  in h um an  im p a c ts  w i l l  help  
s p e c ie s  adapt.

Conscious t h a t  the  poss ib le  e f fe c ts  o f  C l ima te  Change  w i th  re le v ­
a n c e  to w a te r b i r d s  and th e i r  h a b i ta ts  have  a lso been  re c o g n iz e d  
by o th e r  M E A s ,  n o ta b ly  the  C o nve n t ion  on W e t la n d s  o f  In te rn a ­
t io na l  Im p o r ta n c e  and fo r  the  d e s i r a b i l i t y  f o r  A E W A  to c o n s id e r  
th e s e  issu es  and the  w o r k  d on e  by th e m  g iven  the  s c a le  and 
n a tu re  o f  l ike ly  im p a c ts  on m ig ra to r y  w a te rb i r d s .

The Meeting o f the Parties:

1. Instructs the T e c h n ic a l  C o m m it te e ,  w o rk in g  w i t h  th e  A g r e e ­
m e n t  S e c re ta r ia t ,  and tak ing  in to  c o n s id e ra t io n  th e  w o r k  of 
th e  CM S S c ie n t i f ic  Counc i l  and  o th e rs  as a p p ro p r ia te ,  to give 
p r io r i ty ,  r e s o u rc e s  p e rm i t t in g ,  to  an a s s e s s m e n t  of c u r re n t  
e v id e n c e  o f  the  e f fe c ts  of c h a n g in g  c l im a te  on m ig ra to r y  
w a te r b i r d s ,  a r e v ie w  o f  the  im p l i c a t io n s  o f  m o d e l le d  fu tu re  
p a t te rn s  of C l imate  Change  on w a te r b i r d s ,  and an ou t l in e  of 
poss ib le  m e a ns  o f  a d a p t in g  to th e s e  c h a n g e s ,  and to  r e p o r t  
c o n c lu s io n s  to  a fu tu re  M e e t in g  of th e  Par t ies ;

2. Requests t h a t  the  T e c h n ic a l  C om m it tee 's  r e v ie w  se e k s  to 
id e n t i f y  th o s e  s p e c ie s  l is ted  in Table  1 o f  the  A g re e m e n t 's  
A c t i o n  Plan t h a t  c u r r e n t  k n o w le d g e  s u g g e s ts  a re  e s p e c ia l ly  
v u ln e ra b le  to  th e  c o n s e q u e n c e s  o f  a c h a n g in g  c l im a te ,  and 
to  id e n t i fy  m e a s u re s  t h a t  m a y  he lp  to  m a in ta in  s u c h  p o p u la ­
t ions ;
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Requests also t h a t  the  T e c h n ic a l  C o m m it te e 's  r e v ie w  id e n t i ­
f ie s  re le v a n t  a c t io n s  t h a t  m ig h t  be u n d e r ta k e n  as p a r t  of the  
in te rn a t io n a l  im p le m e n ta t io n  o f  the  A g re e m e n t ;

(//■gres the  S e c re ta r ia t ,  d ra w in g  on the  re s u l ts  o f  th e  T e c h n i ­
ca l C o m m it te e 's  re v ie w ,  to  g ive  p r io r i ty ,  r e s o u rc e s  p e rm i t t in g ,  
to  the  d e v e lo p m e n t  o f  C o n s e rv a t io n  G u ide l in e s  on poss ib le  
a d a p ta t io n  m e a s u re s ,  and re q u e s ts  t h a t t h e s e  be b ro u g h t  to  a 
fu tu re  M e e t in g  of th e  P ar t ies  f o l lo w in g  r e v ie w  by th e  T e c h n i ­
ca l C o m m ittee ;
Urges P a r t ies  to  a d d re s s  C l ima te  Change  in so fa r  as it  is 
r e g a rd e d  as l ike ly  to  b r ing  a b o u t  s ig n i f i c a n t  c h a n g e  in the  
e c o lo g ic a l  c h a r a c te r  o f  w e t la n d s  and a f f e c t  th e  b e h a v io u r  of 
m ig ra t in g  w a te r b i r d s ;
Stresses th e  im p o r ta n c e  o f  in c lu d in g  p o te n t ia l ly  b e n e f ic ia l  
a d a p ta t io n  m e a s u re s  in th e  d e v e lo p m e n t  and im p le m e n ta t io n  
o f  s in g le  and m u l t i - s p e c ie s  a c t io n  p lans  a t  both  n a t io n a l  and 
in te rn a t io n a l  s c a les ;
Highlights th e  need  to in c lu d e  re le v a n t  a c t io n s  re la ted  to 
C l imate  Change  im p a c ts  and a d a p ta t io n  in the  A g re e m e n t 's  
A c t i o n  P lan, and re q u e s ts  t h a t  the  S ta n d ing  C o m m i t te e ,  f o l ­
lo w in g  r e v ie w  by th e  T e c h n ic a l  C o m m i t te e ,  c o m m u n ic a te s  
a n y  re le v a n t  a m e n d m e n ts  to the  S e c r e ta r ia t  f o r  c o n s id e ra t io n  
by a fu tu re  M e e t in g  of th e  P ar t ies ;  and 
Encouragesthe T e c h n ic a l  C o m m it te e  to id e n t i fy  in te rn a t io n a l  
r e s e a rc h  n ee d s  in to  th e  e f fe c ts  o f  C l ima te  Change  on m ig ra t ­
o ry  w a te r b i r d s  and th e i r  h a b i ta ts ,  so as to  b e t te r  u n d e rs ta n d  
im p l i c a t io n s  and a p p ro p r ia te  p o l ic y  re s p o n s e s ,  t h a t  c ou ld  
be ta k e n  fo r w a r d  c o l la b o ra t iv e ly  w i t h  o th e r  s ta k e h o ld e rs ,  as 
r e s o u rc e s  perm it .
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A E W A ,  like any  o th e r  m u l t i la te ra l  e n v i r o n m e n ta l  a g r e e m e n t  c o m ­
m i t ted  to  b iod ive rs i ty ,  p lays  a key  ro le  in fa c i l i t a t in g  a c h ie v e m e n t  
of the  t a r g e t  u n d e r  th e  C o nve n t ion  on B io lo g ic a l  D iv e rs i ty  (CBD) 
to s ig n i f i c a n t ly  re d u c e  the  loss  o f  b io d iv e rs i ty  by 2010. M a k in g  
C l ima te  Change  and its im p a c t  on m ig ra to r y  w a te r b i r d s  a p r io r ­
ity issue  fo r  th e  d e v e lo p m e n t  o f  fu tu re  c o n s e rv a t io n  a c t iv i t ie s  is 
im po r tan t .  T he  m e m b e r  s ta te s  to A E W A  th e re b y  a c k n o w le d g e d  
t h a t  e f fe c t iv e  s p e c ie s  c o n s e rv a t io n  as a re s u l t  o f  th e  2010 t a r g e t  
can  o n ly  be re a c h e d  by tak ing  in to  a c c o u n t  the  v a r io u s  long  te rm  
im p a c ts  C l imate  Change  co u ld  h ave  on m ig ra to r y  w a te r b i r d s .
A l th o u g h  th e re  is no e v id e n c e  t h a t  a n y  s p e c ie s  has been  e x t in c t  
so le ly  due  to  C l imate  C hange ,  th e  p re d ic t io n s  fo r  th e  fu tu re  are 
a la rm in g  and w e  c a n n o t  a f fo rd  to  ig no re  them . The d is c u s s io n s  
on the  im p a c t  o f  C l ima te  Change  m ake  c le a r  t h a t  s p e c ie s  c o n ­
s e rv a t io n  is one  im p o r ta n t  a s p e c t  o f  n a tu re  c o n s e rv a t io n ,  and 
t h a t  c lo s e  c o o p e ra t io n  b e tw e e n  all re le v a n t  c o n v e n t io n s ,  a g r e e ­
m e n ts  and ke y  p a r tn e rs  is u rg e n t ly  needed .
It is n o w  up to th e  key  in te rn a t io n a l  o rg a n iz a t io n s  and d e c i ­
s ion  m a k e rs  on n a t io n a l  leve ls  to  c o o p e ra te  in o rd e r  to sh a re  
k n o w le d g e  and e xpe r t ise .  W e  m u s t  d e v e lo p  p o l ic ie s ,  both  on 
the  n a t io n a l  as w e l l  as on the  in te rn a t io n a l  leve l ,  w h ic h  a d a p t  
the  c u r r e n t  n a tu re  c o n s e rv a t io n  e f fo r ts  to th e  e x p e c te d  im p a c t  
of C l imate  Change  on h ab i ta ts  and sp ec ie s .  In p a r t ic u la r ,  the  
re s p o n s e s  o f  m ig ra to r y  w a te r b i r d s  to  C l imate  Change  n eeds  
to be u n d e rs to o d  and m a n a g e d  in th e  c o n te x t  o f  o th e r  th rea ts .  
H u m a n  e x p lo i ta t io n  e.g. m a y  in c re a s e  in the  A r c t i c  re g ion  due  to 
r is ing  te m p e ra tu re s ,  w h ic h  m a ke  th e  a c c e s s  to  the  re g io n  easier. 
In c re a s in g  d e s e r t i f i c a t io n  m a y  c a u s e  b a r r ie rs  to  m ig ra t io n  and 
re d u c e  the  n u m b e r  o f  ex is t ing  s to p -o v e r  s i tes  used by w a te r -  
b irds  d u r ing  th e i r  m ig ra t io n .  Conve rse ly ,  so m e  im p a c ts  co u ld  be 
pos i t ive  fo r  c e r ta in  s p e c ie s .  The re p ro d u c t iv e  s u c c e s s  o f  bird 
s p e c ie s  e.g. is p os i t iv e ly  re la ted  to te m p e ra tu re .  Th e s e  e x a m p le s  
m ake  c le a r  t h a t  m ig ra to r y  s p e c ie s  a re  p a r t i c u la r l y  a f fe c te d  by 
C l ima te  Change  b e c a u s e  o f  th e  v a r ie ty  o f  s i tes  and h a b i ta ts  th e y  
use d u r ing  t h e i r  a n n u a l  c y c le  and th e  d i f fe re n t  c h a n g e s  in c o n ­
d i t ions  th e y  are  e x p o s e d  to t h r o u g h o u t t h e y e a r .  Th e s e  e x a m p le s  
m ake  a lso c l e a r t h a t  fu r th e r  re s e a rc h  and u n d e rs ta n d in g  is v i ta l  
in o rd e r  to p re d ic t  and  a d d re s s  th e  im p a c t  o f  C l ima te  Change  in 
the  fu tu re .  To a s s e s s  th e  d i f fe re n t  im p a c ts  C l imate  Change  w i l l

have  on s in g le  s p e c ie s  and in th e  d i f fe re n t  re g io n s ,  to  u n d e r ­
s tan d  th e i r  in te r d e p e n d e n c y  and to a d a p t  the  c o n s e rv a t io n  m e a s ­
u re s  a c c o r d in g ly  is the  m o s t im p o r t a n t c h a l l e n g e f o r t h e  in te r n a ­
t io n a l  c o m m u n i ty .  The e c o lo g ic a l  e f fe c ts  of C l imate  Change  w i l l  
be v e ry  d ive rse  f ro m  re g io n  to re g io n  and a g loba l  u n d e rs ta n d in g  
is im p e ra t ive .
M ig r a to r y  b irds  r e p re s e n t  the  g ro up  o f  w i ld  l i fe , fo r  w h ic h  the  im ­
p a c ts  o f  C l imate  Change  a re  b e s t  s tud ie d .  Th is  is a good  s ta r t ing  
p o in t  f o r  b ird c o n s e rv a t io n is ts  to  dea l w i t h  th is  issue  in o rd e r  to 
o v e rc o m e  th e  p ro b le m s  m ig ra to r y  b irds  a re  l ike ly  to  fa c e ,  b u t  a t  
th e  sa m e  t im e  it  im p l ies  m u c h  re s p o n s ib i l i t y  as m ig ra to r y  b irds  
ca n  a c t  as an in d ic a to r  o f  e f fe c ts  t h a t  m a y  a f f e c t  less  w e l l  s tu ­
d ied  g roups .
In th is  sp ir i t ,  the  Th ird  M e e t in g  o f  the  P ar t ies  to A E W A  has 
in c lu d e d  a d e s k s tu d y  in to  th e  In te rn a t io n a l  Im p le m e n ta t io n  P r io r ­
i t ies  fo r  2006 - 2008, w h ic h  sha l l  s u m m a r iz e  u n d e rs ta n d in g  of the  
c u r r e n t  and fu tu re  re s p o n s e s  o f  m ig ra to r y  w a te r b i r d s  to a c tu a l  
and p re d ic te d  C l imate  C hange ,  and p ra c t i c a l  m e a n s  o f  a d a p ta ­
t ion .  A t  the  s a m e  t im e  re s e a rc h  and m o n i to r in g  w o r k  has  to  be 
c o n t in u e d  and in te n s i f ie d ,  as m u c h  k n o w le d g e  on th e  m ig ra t io n  
p a t te rn s  o f  m ig ra to r y  w a te r b i r d s  and th e i r  h ab i ta ts  is st i l l  la ck ing .  
I t  is im p o r ta n t  to  c o l la te  in fo rm a t io n  on m ig ra to r y  s to p o v e r  s i tes  
in o rd e r  to id e n t i f y  c o h e r e n t  m ig ra to r y  n e tw o rk s  and t a r g e t  s ite 
c o n s e rv a t io n  ac t ion .
A  lo t  has to be d on e ,  p ro v ide d  t h a t  the  n e c e s s a ry  fu n d s  co u ld  be 
a l lo c a te d .  H o w e v e r ,  w i t h  its s t ro ng  n e t w o r k  and h ig h ly  p ra g m a ­
t ic  fo c u s  on th e  f l y w a y s ,  A E W A  is p re p a re d  to fa c e  the  c h a l le n g e  
o f  C l imate  Change  and its im p l i c a t io n s  f o r  m ig ra to r y  w a te r b i r d  
c o n s e rv a t io n .
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MIGRATORY SPECIES AND CLIMATE CHANGE
Impacts of a Changing Environment 
on Wild Animals

Our climate is changing -  the global mean surface temper­
ature is rising, regional precipitation patterns are being alter­
ed, sea levels rise, floods, droughts and storms occur more 
often. Animals, ecosystems, economic systems and people 
are affected and nature conservation has to cope with new 
challenges, which add to other well-known pressures.

There is substantial evidence that w ildlife is being affected 
by Climate Change already, and as a group, migratory w ild ­
life appears to be particularly vulnerable because it uses 
multiple habitats and sites and uses a wide range of resour­
ces at different points of its migratory cycle.

The UNEP Convention on Migratory Species is the only 
global agreement specifically dealing with the needs of ani­
mals on the move. Climate change and its direct and indirect 
effects are becoming an ever more important aspect of the 
Convention's work.This brochure, containing contributions 
from experts around the world, explores the current state of 
knowledge and identifies ways forward that allow migratory 
species to continue fu lfilling their unique role in the global 
web of life.
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