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Prior reports focused 
on:
• Detection of impacts
• Attribution of 

impacts to human 
climate change

Parmesan et al. 2013

Parmesan et al. Nature Climate Change 2011



Summary of Changes and Surprises
• % spec ies  impac ted  by  <1° C g loba l  warming

• ~  ha l f  i n  te rms  o f  d i s t r i bu t ion  changes
• ~  2 /3  in  te rms  o f  changes  o f  t im ing
• Impac ts  on  every  con t inen t  and  in  every  ocean

• Surpr ises even  a t  <  1°C
• D iseases  mov ing
• Complex  responses  h ide  s t rong  tempera tu re  sens i t i v i t y  

• Past  ana lyses  underest imated recent  c l imate  change 
impacts

• Above impacts  a t  <1°C warming
• There  WILL BE large  d i f fe rences  in  impacts  between 1 .5°C 

and 2°C
Parmesan & Yohe Nature 2003,  Parmesan AREES 2006, 
Parmesan & Hanley Ann Botany, 2015,  Duffy et al. Science 2019



• DC and UK, >500 plant species
• 72% respond only to spring warming, 

and are flowering earlier

creeping phlox

2012

Field 
maple



spring advance + winter delay 
= little change

dandelion
Cook, Wolkovich & Parmesan PNAS 2012

old man’s beard

• 18% need winter chilling
• Winters are warming         

(more than summer)



spring advance + winter delay 
= little change

dandelion
Cook, Wolkovich & Parmesan PNAS 2012

Simple analyses:
72% responding

New analyses:
90% responding

old man’s beard

• 18% need winter chilling
• Winters are warming         

(more than summer)



(2017)

photo by Charles J Sharp

As winters warm in 
Sweden, spring starts later 
for this Orange Tip butterfly



“Genomic signals of selection predict 
climate-driven population declines in a 

migratory bird”
Bay et al. (Science 359, 83-86, 2018)

• S ign i f i can t  co r re la t ions  (Fs t )  ac ross  popu la t ions  
be tween  genomic  s igna tu res  and  cu r ren t  c l ima te  space  
(mos t l y  d rough t  met r i cs )

• Popu la t ion  t rends  assessed  independen t l y :  NABBS (N .  
Amer ican  Breed ing  B i rd  Survey)

• Out l i e r  popu la t ions  (=genomic  s igna tu re  d id  no t  match  
c l ima te  space) ,  had  g rea tes t  dec l ines

Impl ica t ions:  • ecologica l  “c l imate  debt”  
• evolut ionary  lag
• constra int  on future  responses  to  CC

yellow warbler



“Resurrection ecology”

Water - f l eas  (Daphn ia )  resur rec ted  f rom pre -
indus t r ia l  t imes  - up  to  1 ,600  years  ago  - have  
been  used  to  show evo lu t ionary  responses  to  
pas t  100  y rs o f  human-caused  c l ima te  change ,  
eu t roph ica t ion  and  lead  po l lu t i on

Lake sediments conta in ancient  v iab le 
seeds and eggs that  can be dated,  
resurrected,  kept  in  l ive cu l ture and 
compared wi th  modern populat ions

A n c i e n t  D N A a n a l y s e s  c a n  t e l l  u s  w h i c h  N e a n d e r t h a l s  h a d  r e d  h a i r,  b u t  
m o d e r n  t e c h n o l o g y  s t i l l  c a n ’ t  b r i n g  p a s t  g e n o t y p e s  b a c k  t o  l i f e   …           

O r  c a n  i t ?

Frisch et al EcoLets 2014; Yousey et al Roy Soc Open 2018; Turko et al Evolution 2016



6th AR: Focus on Solutions

IPCC mission: 
• Assess the state of science of climate change
• Be policy relevant, not policy prescriptive

• Assess options
• Risk Assessment
• Decision-Making Frameworks
• Adaptation planning



Studies of within-species variation 
elucidates potential adaptability 
(plastic and evolutionary) of wild 

species to future climate change and 
gives insight into new management 

options



Experiments Elucidate Mechanisms and Constraints
• Difficult to design clean experiments

• Extreme events drive responses (ecological and evolutionary), but hard to simulate

• Model insect: Tribolium castaneum (red flour beetle) 

• Simulated Heatwaves (5-7°C above Topt for 5 days) damaged sperm in both males and 
females.  No acclimation.  Multiple heatwaves nearly sterilized males

• Transgenerational impacts: males from heat-exposed sperm had reduced reproduction 
and lifespan, whether the sperm were heated in the male or the female parent

• Heat/cold stress experiments on Drosophila melanogaster (egg-adult):
• Heritability of thermal tolerance dropped significantly in high-temp. treatments
• “the results suggest that ectotherms that already experience temperatures close to 

their upper thermal tolerance limits have a restricted capacity to adapt to higher 
temperatures by evolutionary means.”                                 (Kristensen et al 2015 Evolution)

( K. Sales Nature Comm 2018)   



Dif ferent  hosts  =  d i f ferent  micro-c l imates
by  se lect ing  for  d i f ferent  eg g  he ights

•E p h e m e r a l  p l a n t  
•e g g s  l a i d  h i g h  
w h e r e  l e a f  
q u a l i t y  b e s t  

•e g g s  ~ 6 ° h o t t e r  
t h a n  a i r  

• l o n g  l a s t i n g  p l a n t  
•e g g s  l a i d  l o w  t o  a v o i d  
g r a z i n g  

•E g g s  ~ 2 0 ° C  h o t t e r  
t h a n  a i r

•m a x  2 6 ° C  h o t t e r  – j u s t  
1 ° C  b e l o w  l e t h a l

Va r i a t i o n  a m o n g  Ed i t h ’s  c h e c ke rs p o t  p o p u l a t i o n s  i n  h o s t  p l a n t  
c h o i c e  a n d  e g g  p l a c e m e n t  b e h av i o r  c a n  c a u s e  fa r  g re a t e r  
c h a n g e s  t h a n  av e ra g e  w a r m i n g  f ro m  c l i m a t e  c h a n g e  i n  
t e m p e ra t u re s  ex p e r i e n c e d  b y  e g g s  a n d  d e v e l o p i n g  c a t e r p i l l a rs



M a p  o f  D i e t  f o r  E .  e d i t h a f r o m  S i n g e r  &  M c B r i d e  2 0 1 2 ,  E c o l o g y

Preserve Diversity within Species



Climate Change: Polar bear – Grizzly (Brown) bear Hybrids
Pure

Hybrids



Chazdon & Brancallon Science 2019

• 7 responses published so far, in Science
• 2 blogs



Reverts to forest 
without agriculture

Butterflies, birds and 
wildflowers have 
adapted to traditional 
farming 

They would go extinct 
with reforestation

Farmers would lose 
livelihoods

France would go from 
agricultural exporter 
to importer, and lose 
food independence

Ariege PNR:  Regional Natural Park of the Ariege Pyrenees (France)

Grasslands Crucial for 
Biodiversity and livelihoods



• Protect ing  and  
promot ing  large  
inhabi ted  rura l  or  
mounta in  spaces .

• Protect :
•Landscapes
•Endemic  or  

endangered  f lora  and  
fauna 

•Histor ic  and  
preh istor ic  s i tes

•Trad i t iona l  
agr icu l tura l  pract ices  
– e. g .  t ranshumance 

•Trad i t iona l  c raf ts

Goals of Regional 
Natural Parks



Traditional grazing = daily nomadic 
and yearly transhumance





Conserving Biodiversity = 
Preserve traditional 

management







2018



Gonzalez et al. Env
Research Ltrs 2018



Gonzalez et al. Env
Research Ltrs 2018



Duffy et al.   Science, 2019


