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“Species	  with	  criZcal	  life	  history	  stages	  
either	  restricted	  by	  or	  dependent	  on	  snow	  
and	  ice	  habitats	  will	  be	  among	  the	  first	  to	  
be	  affected	  by	  increases	  in	  atmospheric	  
temperature”	  
	  

“Species	  that	  have	  cri.cal	  life	  history	  stages	  either	  
constrained	  by	  or	  dependent	  on	  snow	  and	  ice	  

habitats	  will	  be	  among	  the	  first	  to	  be	  affected	  by	  
increases	  in	  atmospheric	  temperature”	  
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Early Fall Distribution 

Cooper	  Island	  



Late Winter and Early Spring Distribution 



Sea	  Ice	  Habitat	  
in	  Winter	  



The	  world	  before	  my	  study	  began	  
Land-‐Ocean	  Temperature	  Index	  



The	  world	  during	  my	  study	  
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Total	  	  Change	  in	  	  Mean	  Temperature	  (°F)	  1949-‐2015	  
Winter	   Spring	   Summer	   Fall	   Annual	  

1949-‐2015	   7.6	   5.6	   3.6	   6.3	   5.8	  
1977-‐2015	   3.4	   5.3	   2.5	   9.8	   5.1	  

3.2°C	  
increase	  

Barrow,	  Alaska	  Average	  
Temperatures	  
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Excellent  environmental  
data  sets  from  20  miles  
away  in  Barrow,  Alaska

NOAA	  ESRL	  
Barrow	  



Correla=on  of  annual  
snowmelt  at  Barrow  
and  Cooper  Island  
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Range	  Expansion	  to	  	  ArcZc	  Alaska	  
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IniZaZon	  of	  guillemot	  breeding	  season	  constrained	  
by	  Zming	  of	  snowmelt	  	  	  
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Guillemot	  breeding	  success	  reduced	  by	  snow	  
accumulaZon	  prevenZng	  parents	  from	  feeding	  chicks	  	  
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Snow depth by day of year
Barrow, Alaska
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Black	  Guillemot	  Colonies	  in	  	  
Western	  ArcZc	  Before	  1960s	  	  	  	  	  	  



Current	  Black	  Guillemot	  
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Black	  Guillemots	  colonized	  Northern	  Chukchi	  
and	  Beaufort	  Sea	  aher	  1965	  as	  
	  summer	  length	  increased	  
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Date of winter snow disappearance 
Barrow, Alaska
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Changes	  in	  Sea	  Ice	  and	  	  
Sea	  Surface	  Temperature	  	  



Arctic Cod 



Guillemots	  
feed	  chicks	  

approximately	  
once	  per	  hour	  



•  Map	  with	  Cooper	  

Cooper	  Island	  

Well-‐defined	  foraging	  area	  
when	  provisioning	  nestlings	  
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early	  September	  

Early	  June	  

Mid-‐July	  

Late	  August	  



P	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

June	   July	   August	   	  	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Pre-‐egg	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

	  	   	  	  

Egg-‐
laying	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

	  	   	  	   IncubaZon	   	  	   	  	   	  	   	  	   	  	  

	  	   	  	   	  	   	  	   	  	   	  	   Nestlings	  and	  chick	  provisioning	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

Black	  Guillemot	  Breeding	  Chronology	  
	  in	  the	  Alaskan	  ArcZc	  

Retreat	  of	  ice	  



September	  Sea	  Ice	  Extent	  

Cooper	  Island	   Cooper	  Island	  





September	  Ice	  Extent	  

Year

1940 1960 1980 2000 2020

M
ill

io
n 

sq
 k

m

3

4

5

6

7

8

9



Year

1940 1950 1960 1970 1980 1990 2000 2010 2020

Pe
rc

en
t I

ce
 C

ov
er

0

20

40

60

80

100

120

August	  Ice	  Concentra.on	  -‐	  Cooper	  Island	  



Distance	  to	  30	  percent	  ice	  –	  1	  Sept	  
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SST	  North	  of	  Cooper	  Island	  –	  1	  Sept	  
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Late	  August	  
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The	  Alternate	  Prey	  
Four-‐horned	  Sculpin	  



Sculpin	  are	  less	  
preferred	  by	  both	  adult	  
and	  nestling	  guillemots	  

Switch	  to	  
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Early	  growth	  
with	  some	  
	  hatching	  
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Sea	  ice	  during	  
guillemot	  nestling	  
period	  in	  recent	  

decade	  (2003-‐2012)	  



Sea	  ice	  during	  
guillemot	  nestling	  
period	  in	  historic	  

decade	  (1979-‐1984)	  
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arc.c	  sea	  ice	  on	  an	  ice-‐associated	  marine	  bird.	  Progress	  in	  Oceanography136:151-‐161	  





Another	  prey	  shib	  is	  likely	  –	  probably	  to	  a	  
subarc.c	  fish	  moving	  into	  the	  Arc.c	  
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Nest	  CompeZtors	  and	  Nest	  Predators	  	  



One	  million	  Horned	  Puffins	  

Horned	  Puffins,	  a	  subarc.c	  species,	  
colonized	  northern	  Alaska	  in	  1986	  

Historical	  extent	  of	  breeding	  
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Horned	  Puffin	  nest	  compeZtor	  with	  Black	  Guillemots	  
First	  bred	  on	  Cooper	  Island	  in	  1986	  

Increased	  prospecZng	  of	  guillemot	  nest	  sites	  since	  2000	  	  
	  



Polar	  bear	  predaZon	  on	  puffin	  nestlings	  high	  
and	  number	  of	  Horned	  Puffins	  at	  colony	  has	  

decreased	  in	  recent	  years.	  	  	  





Early	  August	  2002	  	  



18	  August	  2002	  



Nest	  site	  used	  from	  1975-‐2011	  















Polar	  Bear	  ea.ng	  vegeta.on	  





Summer	  2009	  
•  Black	  Guillemot	  chicks	  hatched	   	  184	  
•  Eaten	  or	  killed	  by	  polar	  bear 	   	  	  	  90	  
•  Killed	  by	  horned	  puffin	   	   	   	  	  	  81	  
•  Die	  of	  other	  causes 	   	   	   	  	  	  12	  
•  Fledge 	   	   	   	   	   	  	  	  	  	  1	  



Plas.c	  cases	  tested	  in	  2010	  as	  possible	  
bear	  deterrent	  	  

	  



Figure	  3.	  	  	  Number	  of	  polar	  bears	  observed	  annually	  	  
on	  Cooper	  Island	  in	  late	  summer	  (1983-‐97,	  
1999-‐2010),	  not	  including	  cubs.	  























PopulaZon	  Trends	  	  



Nest	  sites	  on	  Cooper	  Island	  
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Colony	  Growth	  	  
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Breeding	  Popula.on	  
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Black	  Guillemot	  Colonies	  	  	  	  	  	  

Herald	  
Island	  



Herald	  Island	  



Sea	  Ice	  Concentra.on	  
Herald	  Island,	  Russia	  	  
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Popula.on	  Response	  to	  Warming	  
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All	  200	  nest	  sites	  replaced	  with	  
plasZc	  Nanuk	  cases	  in	  2011	  	  



Full	  occupaZon	  	  with	  	  queues	  
	  	  



Colony	  	  Decline	  
Lack	  of	  males	  in	  subcolony	  	  



Polygyny!	  	  Colony	  	  Decline	  
Lack	  of	  males	  in	  subcolony	  	  





Who	  would	  care	  who	  is	  
	  daIng	  who	  during	  a	  disaster?	  

1885	  

1985	  

2085	  





I’m	  the	  
	  King	  of	  the	  World!!	  



Other	  Warming	  Effects	  	  



•  85	  mph	  winds	  
•  dredge	  destroyed	  in	  Barrow	  
•  1/3	  of	  Black	  Guillemot	  chicks	  

starve	  

2000	  -‐	  Barrow	  









Response	  of	  Black	  Guillemot	  
	  to	  Warming	  in	  ArcZc	  Alaska	  

1.  Warming	  allowed	  range	  expansion	  (1960-‐	  early	  1970s)	  
2.  Short	  period	  when	  the	  species	  thrived	  (early	  1970s	  -‐1989)	  
3.  Earlier	  breeding	  as	  warming	  occurred	  in	  1990	  with	  Arc.c	  

Oscilla.on	  shib	  but	  also	  a	  popula.on	  decline	  
4.  Early	  2000s	  shibs	  in	  SST	  and	  sea	  ice	  reduced	  availability	  of	  

Arc.c	  Cod	  while	  increasing	  presence	  of	  a	  nest	  compe.tor	  
and	  predator	  resul.ng	  in	  a	  decreased	  breeding	  success	  

5.  Con.nuing	  popula.on	  declines	  in	  2010s	  as	  loss	  of	  sea	  ice	  
con.nues	  





Adult	  Survival	  
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1.1 The	  only	  good	  news!!	  



Observed	  and	  predicted	  September	  sea	  ice	  extent	  



Observed	  and	  predicted	  September	  sea	  ice	  extent	  



Observed	  and	  predicted	  September	  sea	  ice	  extent	  











Shou.ng	  warming	  in	  a	  crowded	  theatre	  
What	  on	  earth	  is	  happening	  to	  our	  planet?	  
Who	  knows	  what	  and	  what	  can	  or	  should	  be	  done	  about	  it?	  

Cooper	  Island	  research	  featured	  in	  the	  UK	  Royal	  Na.onal	  
Theatre	  Produc.on	  of	  Greenland,	  a	  play	  wrimen	  to	  inform	  

the	  public	  of	  the	  reali.es	  of	  climate	  change	  	  







Foraging	  for	  Fish	  in	  a	  Mel.ng	  Arc.c:	  the	  Black	  
Guillemots'	  Quest	  to	  Feed	  Their	  Young	  







Take	  Home	  Message	  

The	  Western	  Arc.c	  went	  from	  too	  cold	  to	  too	  
warm	  to	  support	  ground-‐nes.ng	  	  
Black	  Guillemots	  in	  50	  years	  



1972	   2013	  





Global	  carbon	  emissions	  in	  one	  
guillemot’s	  life.me	  
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Thank	  You!	  
Ø  ARCUS	  Seminar	  Series	  recordings	  are	  online	  at:	  

hmps://www.arcus.org/research-‐seminar-‐series	  
	  

Ø  Please	  consider	  becoming	  an	  ARCUS	  member!	  	  
More	  info:	  hmp://bit.ly/2ePsc5N	  
	  

Ø  ARCUS	  2016	  Annual	  Mee.ng	  and	  Arc.c	  Community	  Recep.on	  will	  be	  	  
14	  December	  6-‐7pm	  at	  the	  AGU	  Mee.ng	  in	  San	  Francisco	  
More	  info:	  hmp://bit.ly/2e8aetV	  
	  

Ø  Arc.c	  Community	  Mee.ng	  Rooms	  at	  the	  AGU	  Fall	  Mee.ng	  
More	  info:	  hmp://bit.ly/2e8aUQa	  
	  

Ø  The	  Fulbright	  Arc.c	  Symposium	  at	  the	  Na.onal	  Academies	  	  
of	  Sciences	  is	  Thursday,	  27	  October	  9-‐4:30pm	  

#arcuswebinar	  


