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I was gazing at a ceiling aglow and adorned with
intricate platelets of ice.                         Lost Antarctica 
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Surface temperature changes
1976-2006

N ational G eographic 2007

+2 - 4 °C



Steig et al. Nature 2009

Antarctic warming patterns based on satellite and 
ground station data



< 5 m        m/yr          > 5m

Ice Shelf Melting Around Antarctica
Rignot et al. 2013 Science 341, 266



Data recorded at Vernadsky Base 
(Faraday Station 1977), 
65°South

Source- H. Ducklow – NSF LTER

6°C (10° F) increase from 
1945-2005 (60 years)



Increased glacial calving – Marr Glacier, Anvers Island 2006

PHYSICAL IMPACTS OF CLIMATE CHANGE









Satellite generated measure of glacial ice thickness



No Stopping the Collapse of 
West Antarctic Ice Sheet – Science
Thwaites Glacier 1992-2011 retreated 14 km between 1992-2011
Unprecedented for Antarctica 

Models predict acceleration to 5 km per year and 
complete collapse in 200-500 years

Once gone – collapse of West 
Antarctic Ice Sheet

Science 344 May 16 2014



Bentley et al. Geology 2005 

Larson Ice Shelf C



Larsen Ice Shelf Collapse



January 31, 2002 

Larsen Ice Shelf – Eastern Antarctic Peninsula



Larsen Ice Shelf – Eastern Antarctic Peninsula

February 23 2002



March 5, 2002

Larsen Ice Shelf – Eastern Antarctic Peninsula

Total size of break out = 5700 square kilometers
Size of Rhode Island 



Larsen C ice shelf – July 12, 2017 – 5700 square km  
Size of Delaware

Larsen C

Larsen A
Larsen B



Wilkins Ice Shelf Collapse



Disintegration of Wilkins Ice Shelf – April 27, 2009
Total size of breakout = 29,000 square kilometers 
Size of Connecticut 



Bill Fraser – Conducting population census of Adélie Penguins
40 year data base (1975- present)

ECOLOGICAL IMPACTS OF CLIMATE CHANGE



Penguin population trends – Antarctic Peninsula

Adélie Gentoo Chinstrap

◘ 1500 pairs

2017

Adélie



Nesting Adélie penguins 
buried  in snow suffer high 
egg mortality

Photos – Heidi Geisz

Nov 19, 2001 storm event



Climate warming over past 25 years has resulted in a 40% 
reduction in extent of annual sea ice cover 

along the western Antarctic Peninsula



Euphausia superba grazing on sea-ice associated microalgae
- Reduction in Peninsular sea ice is correlated with reduction in krill   

Photo – D an M artin





Reductions in numbers of Weddell Seals – postulated to be related
to their ecological dependence on annual sea ice

Photo – R alph H opkins





Dr. Hugh Ducklow – Sampling phytoplankton
NSF Palmer Long-term Ecological Research Program

Fundamental alterations of phytoplankton communities



Recent Changes in Phytoplankton Communities
Montes-Hugo et al. 2009. Science 323, 1470-1473

January
Ice Edge



Skies cloudier
= decreased light
Winds stronger
Reduced sea ice
= deeper wind-mixing
= phytoplankton

deeper 
= less phytoplankton
= less krill,more salps

Decreased cloud 
cover

Decreased wind
Reduced sea ice
= increased light
= increased phyto-

plankton

Shift from cold-dry polar type climate to warm-humid sub-Antarctic type climate 
Concomitant changes in planktonic phytoplankton communities

Developed from Montes-Hugo et al. 2009. Science 323, 1470-1473



Increased temperature and decreased sea-ice may induce 
range extensions and alter trophic interactions in 

macroalgal dominated communities of the Antarctic 
Peninsula

Photo – Bill Baker



Antarctic marine invertebrate larvae – developmental  rates 
highly temperature sensitive

Photo – Is idro Bosch



From McClintock et al. 2008. American Scientist 96, 302-310 



Southern extension of Antarctic elephant 
and fur seals

SPECIES RANGE EXTENSIONS



Ancient and relatively isolated benthic marine
fauna has selected for high endemism – lack of 
fish with crushing jaws or crabs with crushing claws

Photo – D an M artin

Shelled marine invertebrates poorly defended 
against crushing predators 



The lithodid king crab Paralomis birsteini
Bellingshausen Sea, Antarctica (1123 m depth) Jan 25 2007

Photo – Sven Thatje



Discovery of large population of king crabs in the 
Palmer Deep - Neolithodes yaldwyni - (Reported in 
2011 by Craig Smith et al.)

Palmer Deep 
Population estimate = 1.6 million 



Aronson and McClintock – King crab research program – Marguerite Bay
Funded by the National Science Foundation 2010 – 2017   (PNAS 2015)



- Generally thin shells
- Southern Ocean is the greatest sink for atmospheric carbon dioxide
- Inverse relationship between decalcification and temperature
- Undersaturation of aragonite (25 yrs), calcite (50 yrs)

High vulnerability to Ocean Acidification



Limacina helicina antarctica



Nacella concinna

Margarella antarctica

• Calcification
• Growth
• Behavior (righting and escape response)
• Biochemical allocation
• Shell dissolution and calcification observations

Assessment of effects
increased temperature
and near future ocean 
acidification conditions

Ocean Acidification 
Research at Palmer
Station, Antarctica

Team leaders – J. McClintock,
C. Amsler and R. Angus



US Palmer Station



McClintock and Janssen 1990 Nature

Some Antarctic amphipods suffer high mortality with near future ocean 
Acidification – Schram et al. 2016



• Marked acceleration of glacial recession 
• Coastal ice sheet break-up events
• Decreased extension of annual ice pack
• Declines in populations of annual sea ice associated 

Adélie Penguins, Weddell seals, and krill
• Changes in phytoplankton communities 
• Possible effects on macroalgal communities
• Potential temperature impacts on larval development
• Southern extension of elephant and fur seals
• Invasive predatory species – king crabs
• High vulnerability to ocean acidification  

Antarctic Peninsula and Climate 
Change



Pre Climate Warming



Post Climate Warming



Why should we care about 
climate change impacting the 
marine life of Antarctica?



March 27, 2007

UAB Marine Biologists Unlock Polar Secrets to Fight Disease



McMurdo Sound – sub-ice diving



McMurdo Sound, Antarctica



Palmer Station,  Antarctic Peninsula
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A Protein with Strong Anti-Influenza Activity 
from the Marine Red Alga Gigartina skottsbergii

J Alan Maschek1, Cindy Bucher2, Alberto van Olphen2, 
James B. McClintock3, Charles D. Amsler3 and Bill J Baker4

1Department of Chemistry, 2Department of Global Health & Center for Biological Defense and 1,2Center for Molecular Diversity in 
Drug Design, Discovery and Delivery, University of South Florida, 3Department of Biology, University of Alabama at Birmingham

American Society of Pharmacognosy 50th Annual Meeting
June 28th, 2009



Methicillin Resistant
Staphylococcus aureus: 135 µM 

= relatively low activity (aqueous 
form)
MRSA biofilm: 35 µM (enticing 
activity)
Mammalian cytotoxicity SI: > 60 = 
low toxicity 

Von Salm et al., Org. Lett. 2016, 18, 2596

Dendrilla membranosa
Biofilm = protective film of polysaccharides,

proteins, mucus, etc.  (similar issue in bacteria
that cause cystic fibrosis)

Darwinolide
A ctivity against MRSA biolfilm 



Is the climate really 
warming?



Are human activities playing a significant role 
in this warming?



Historic CO2 concentrations and temperature 
variations based on Vostok ice core samples 

25% ↑
in CO2

From Petit et al. 1999. Nature. Ice core depth = 3600 m

“Business as usual” prediction – 750 ppm by end of century 

400 (2014)



Milankovitch cycle



Stratospheric ozone hole over Antarctica: A model for hope?

O zone reduction facilita ted by ice crysta ls in atm osphere 
provid ing reaction surfaces for ozone depleting 
chem icals

Ban on chlorofluorocarbons (C FC s)

S tabilized - expect eventual c losing of hole by centuries 
end

Large losses of total ozone in Antarctica reveal
seasonal ClOx/Nox

interaction Free access
Farman, J. C., Gardiner, B. G. & Shanklin, J. D.

Nature 315, 207–210 (16 May 1985)





Importance of Biodiversity 

Preservation of our biological 
heritage



Harrison Ford
Narrates Lost Antarctica
Video – Ghost Rookeries





Bill 
Gates 

Me





Le 
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al 

James McClintock Ph.D. 
Communicating Climate Change
Expedition Cruise to Antarctica

Abercrombie and Kent Antarctic (January 6-20, 2018, 2019)     





Ten ways to Impact Climate Change

Vote – call, write, talk to your elected officials
Insulate your business or house
Turn off power
Smart consumption (avoid items heavily packaged)
Adjust the temperature of your thermostat
Change driving habits
Plant a tree
Conserve water
Recycle
Change a light bulb
Educate your friends and family 

From – Alabama Environmental Council



Predictions for Climate Change Impacts in Alabama 
(cited in 2007 report by Larry Davenport, Department of Biology, Samford University
based on information from the Union of Concerned Scientists)  

1) A 3-10°F [1.6-5.5°C] rise in winter low temperatures and a 3-7°F [1.6-3.8°C] rise
in summer highs.

2) The July heat index could rise by 10-25°F in Alabama--a major jump in the 
temperature actually felt.

3) The freeze line will move north.
4) Rainfall will decrease in the immediate coastal region.
5) Summer soil moisture will either increase or decrease in the northern parts of 

the state, depending on the model utilized. The same is true for upland areas.
6) More frequent intense rainfall events are expected, with longer dry periods 

in between.  Hurricanes may become more intense.  
7) Sea level will increase at a faster rate over the coming century. By 2100, ocean

levels around Alabama could be 15 inches [38 cm] higher than today, based on 
a continued average subsidence rate of 2 inches per century and a mid-range 
sea-level rise scenario.



of the state,
depending on the model utilized. The same 
is true for upland areas.
6) “More frequent intense rainfall events 
are expected, with longer dry periods in 
between.
Hurricane intensity...could increase 
slightly..., although changes in future 
hurricane frequency are
7
Figure 4. Predictions of the Hadley and 
Canadian models for future July heat 
index change.
From National Assessment Synthesis 
Team (2000).
uncertain. Even if storm frequencies and 
intensities remain constant, the damages 
from coastal
flooding and erosion will increase as sea 
level rises.”
7) “Sea level will increase at a faster rate 
over the coming century. By 2100, ocean 
levels
around Alabama could be 15 inches [38 
cm] higher than today, based on a 
continued average
subsidence rate of 2 inches per century 
and a mid-range sea-level rise scenario.”
In general, these projections fit those made 
by Wigley (1999), although the projected
temperature increases are more similar to 
those for northern states. The projected 
sea level rise
for Alabama is below Wigley’s global 
average. It should also be noted that 
Wigley (1999) raised
doubts about the frequency and intensity of 
future extreme weather events.







Adam Vines 
Chinese Antarctic Station



YouTube Video of This 
Presentation

Google search: 

YouTube  McClintock “From 
Penguins to Plankton”





Antarctic Research Stations
Planning, Construction and 
Architectural Issues

● Energy Efficiency (high cost)

● High wind (structure stability)

● Low temperatures (insulation)

● Fire risk (redundancy issues)





McMurdo Station, Antarctica 



McMurdo Station, Antarctica 



McMurdo Station – Resupply 







Palmer Station, Antarctic Peninsula





Palmer Station, Antarctic Peninsula



Former U.S. South Pole Station



New U.S. South Pole Station



New U.S. South Pole Station 

Summer camp







Pine Island Glacier – Major ice stream that drains
West Antarctic Ice Sheet 



“A veteran of the extreme south, 
McClintock shares the otherworldly 

wonders unveiled by decades of research. 
The book is packed with joys.”--Nature



New U.S. South Pole Station 









Le Boreal 















A new 2014 study by researchers at NASA 
and the University of California, Irvine, 
finds a rapidly melting section of the West 
Antarctic Ice Sheet appears to be in an 

irreversible state of decline, with nothing to 
stop the glaciers in this area from melting 
into the sea

The glaciers studied by Rignot's research 
team. Red indicates areas where flow 
speeds have increased over the past 40 
years. The darker the color, the greater the 

increase. The increases in flow speeds 
extend hundreds of miles inland. Image 
credit: Eric Rignot





Huge technological challenges posed 
by climate change
Critical need for innovation in all the sciences

-Alternative fuels
-Solar energy
-Wind energy
-Fusion research
-Energy conservation 
-Materials Science – lighter stronger materials
-Medical research and care to cope with spread of diseases
-Engineering to better protect against severe weather events

and sea level rise
-Etc.Etc.Etc.



Now a decade after my first visit to the abandoned station site, I clamber up and over the boulders, dodge the dive-
bombing Skuas, and take a circuitous route around several fur seals. A short climb takes me to the summit of Amsler
Island. Below me, a small island called Elephant Rocks bustles with a breeding colony of barking elephant seals, the
product of a range extension from the warmer subantarctic. Torgerson Island, which is also within earshot, is oddly
quiet, its former Adélie colonies in large part permanently abandoned. To the west, the tongue of the Marr Glacier
that had so recently extended seaward, covering Amsler Island, has dissipated, its final vestiges melting rapidly to
reveal dirt and rock. As I descend from the summit, I pause to gaze into the distance at the cluster of deep-blue, tan-
roofed buildings that make up Palmer Station. What sort of a world, I wonder, will future generations of Antarctic
scientists find when they come to this remarkable place? And when they gaze over this landscape, will they be
reminded how this place, this peninsula, these ecosystems, served as a wake-up call to jump-start the technological,
societal, and political paths to a sustainable planet?

Lost Antarctica

Photo - Alan Maschek





Abercrombie and Kent – UAB Antarctica Cruise 
Dec 2007 “Climate Change Challenge”





Nesting Adélie penguins 
buried  in snow suffer high 
egg mortality

Photos – Heidi Geisz

Nov 19, 2001 storm event



Flying Penguins on BBC Documentary.MOV







McMurdo Sound, Ross Sea
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Preparing to dive below the sea ice 







• A protein with strong anti-influenza activity from the marine red alga 
Gigartina skottsbergii

• Active towards Wyoming H3N2 and influenza A(H1N1) virus
• Different mechanism of action from control drugs
• Combination drug assays imply a synergistic effect with the active fraction 

and control drugs Zanamivir and Ribavirin

Summary



Primary Screening
• Only one extract from hundreds showed protection as evaluated by Cytopathic Effect 
(CPE)

1 2 3 4 5 6 7 8 9 10 11 12
A -50.2 -65.8 -58.8 102.2 -9.8 -24.8 -20.0 -25.1 -64.4 -19.2 -54.0 101.7
B -37.9 -73.8 -131.4 -21.6 -69.5 -65.8 -44.4 -53.2 -44.1 -4.4 -71.4 130.9
C -52.7 -51.6 -99.0 -43.0 -40.1 -47.6 -63.9 12.7 -62.8 -72.2 -21.3 67.4
D 11.7 -89.9 -46.0 -12.7 -71.4 17.8 -59.6 -67.7 -110.3 15.1 -69.5 96.9
E -71.1 -39.5 31.5 -10.6 -1.5 -38.7 -55.6 -7.9 -53.7 -45.2 -8.4 83.5
F -78.1 -86.2 -84.0 -63.1 -29.3 -52.9 -24.3 -133.3 -37.7 -12.2 -98.7 99.6
G -52.9 -64.4 -11.4 -57.7 13.3 -88.8 -71.1 -44.4 -24.0 -47.0 -42.7 3.3
H -24.3 -15.1 23.4 -55.6 -23.2 -20.8 -15.4 -16.5 17.8 -27.7 2.0 -3.3

1 2 3 4 5 6 7 8 9 10 11 12
A 0.891 0.833 0.859 1.46 1.042 0.986 1.004 0.985 0.838 1.007 0.877 1.458
B 0.937 0.803 0.588 0.998 0.819 0.833 0.913 0.88 0.914 1.062 0.812 1.567 µc=1.452
C 0.882 0.886 0.709 0.918 0.929 0.901 0.84 1.126 0.844 0.809 0.999 1.33
D 1.122 0.743 0.907 1.031 0.812 1.145 0.856 0.826 0.667 1.135 0.819 1.44
E 0.813 0.931 1.196 1.039 1.073 0.934 0.871 1.049 0.878 0.91 1.047 1.39
F 0.787 0.757 0.765 0.843 0.969 0.881 0.988 0.581 0.938 1.033 0.71 1.45
G 0.881 0.838 1.036 0.863 1.128 0.747 0.813 0.913 0.989 1 0.919 1.091 µc=1.079
H 0.988 1.022 1.166 0.871 0.992 1.001 1.021 1.017 1.145 0.975 1.086 1.066

A

B

C

D

E

F

G

H

1 2 3 4 5 6 7 8 9 10 11 12

A

B

C

D

E

F

G

H

1 2 3 4 5 6 7 8 9 10 11 12

● The crude extract in position A4 (G. Skottsbergii) was determined to protect against
influenza, while the extract in position E3 partially protected.
● Healthy cells stain purple. Lane 12 contains experiment controls.

Gigartina skottsbergii



Melanoma



A&K Climate Change Challenge Philanthropic
Cruise Gift for Palmer Station Scientists
State-of-the- art automated computerized carbon dioxide delivery
system  - $12,000

Allows for around-the-clock regulation of seawater acidity in over 
100 tanks simultaneously



Add cartoon of ocean 
acidification here



35 species of fleshy macroalgae tested
in feeding bioassays

Ecologically dominant macroalgae are 
chemically defended



US Palmer Station



March 2008 Wilkins Ice Shelf Collapse 

Seven times the size of Manhattan



Antarctica.uab.edu
Two-time national CASE award winning web site







Jamie’s Antarctic Journal 

www.uab.edu/antarcticajournal

www.uab.edu/antarcticajournal/teacher

http://www.uab.edu/antarcticajournal
http://www.uab.edu/antarcticajournal/teacher
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Published by AAAS

D. M.  Smith et al.,  Science  317, 796 -799 (2007)    

Globally averaged annual mean surface temperature anomaly (relative to 1979-2001) forecast by DePreSys starting 
from June 2005

Improved Surface Temperature Prediction for the Coming Decade 
from a Global Climate Model

Antarctic Peninsula atmospheric temperatures have increased 3° C 
since 1951



Seymour island fossils

SEYMOUR ISLAND FOSSIL INVERTEBRATE COMMUNITY

Photo – R ich Aronson
Lack of durophagous predators



Educational Outreach



PENGUIN BREEDING POPULATION CHANGE (%)
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Mean extent of annual sea ice on Western Antarctic Peninsula
(30% reduction over 30 year period)  

Source – H. Ducklow, NSF LTER



University of Alabama at Birmingham

• Freshman Discussion Book
– “Field Notes from a Catastrophe”
– Author visit and panel discussion 

• Incorporation of interdisciplinary climate 
change theme into broad curriculum

• Monthly community lecture series  









Composite Dec-Feb concentration of phytoplankton 
(chlorophyll mg m3) 

Source – NASA SeaWiFS
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Leucetta leptorhapsis
Photo:  Norbert Wu

Rhapsamine, IC50 10-3 mM (KB)



Future Antarctic scientists?



Alcyonium paessleri
Chemical antifeedants 



Distaplia cylindrica
Chemical antifeedants 
Mucus pH = 1.8  







Tritoniella belli
Chemical antifeedants 

Chimyl 
alcohol
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Palmer Vicinity 
Changes
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Parborlasia corrugatus
Chemical antifeedants  

Mucus pH = 2.0 plus neurotoxic peptide








