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| was gazing at a ceiling aglow and adorned with
intricate platelets of ice. Lost Antarctica
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Antarctic warming patterns based on satellite and
ground station data

Steig et al. Nature 2009
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lce Shelf Melting Around Antarctica

Rignot et al. 2013 Science 341, 266
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PHYSICAL IMPACTS OF CLIMATE CHANGE

Increased glacial calving — Marr Glacier, Anvers Island 2006
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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
Woddell Sea

Antarctic Ice Sheet ANTARCTIC
PENINSULA

Bollingshausen WEST
ANTARCTICA

Ross Sea

Science 344 May 16 2014
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Larsen Ice Shelf Collapse
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Larsen Ice Shelf — Eastern Antarctic Peninsula




Larsen Ice Shelf — Eastern Antarctic Peninsula
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23 Feb 2002




Larsen Ice Shelf Eastern Antarctic Penlnsula
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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



Wilkins Ice Shelf Collapse
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ECOLOGICAL IMPACTS OF CLIMATE CHANGE
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Find more wallpapers at www.nationalgeographic.com

© 2007 National Geographic Soclety. All rights reserved,

Bill Fraser — Conducting population census of Adélie Penguins

40 year data base (1975- present)



Penguin population trends — Antarctic Peninsula

Adélie breeding pairs

e
’;‘v ‘4.41‘\/ o L =

“Gentoo " Chinstrap

NS
=

—a—— Adélie penguins
gentoo penguins

chinstrap penguins

1975 1980 1985 1990 1995 2000 2005

year

w
—
©
Q.
(@)}
=
ie]
[}
(O]
E
o]
Q.
©
S
=
[0}
=
=
(&)
©
C
©
o
S
c
(O]
(@]

Adélie

a 1500 pairs

2017



Nesting Adélie penguins
buried in snow suffer high
egg mortality

Nov 19, 2001 storm event

Photos — Heidi Geisz



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
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Photo — Ralph Hopkins

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






Fundamental alterations of phytoplankton communities

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



Recent Changes in
Montes-Hugo et al.

Recent Changes in Phytoplankton
Communities Associated with Rapid
Regional Climate Change Along the
Western Antarctic Peninsula

Martin Montes-Hugo,” Scott C. Doney,> Hugh W. Ducklow,? William Fraser,"
Douglas Martinson,® Sharon E. Stammerjohn,® Oscar Schofield*

The climate of the western shelf of the Antarctic Peninsula (WAP) is undergoing a transition from a
cold-dry polar-type climate to a warm-humid sub-Antarctic-type climate. Using three decades of satellite
and field data, we document that ocean biological productivity, inferred from chlorophyll a
concentration (Chl a), has significantly changed along the WAP shelf. Summertime surface Chl a
(summer integrated Chl a ~63% of annually integrated Chl a) declined by 12% along the WAP over
the past 30 years, with the largest decreases equatorward of 63°S and with substantial increases in Chl
a occurring farther south. The latitudinal variation in Chl a trends reflects shifting patterns of ice cover,
cloud formation, and windiness affecting water-column mixing. Regional changes in phytoplankton
coincide with observed changes in krill (Fuphausia superba) and penguin populations.

ver the past several decades, the marine
sstem along the wester continental
helf of the Antarctic Peninsula (WAP)

(62° t0 69°S, 59° to 78°W, ~1000 by 200 km) has
undergone rapid physical climate change (/)
Compared with conditions in 1979 at the be
ginning of satellite data coverage, seasonal sea
ice during 2004 arrived 54 9(1 S s later in
autumn and departed 31 + 10 days earlier in
Winter air temperatures, measured
between 62.2°S, 57.0°W and 65.3°S, 64.3°W
warmed at up to 4.8 times the global average rate
during the past half-century (3 5). This warming
is the most rapid of the past 500 y
ntrast to a marked cooling betw
the present (5

displace the contine
southem WAP (9)

As a result. populations of sea ice dependent
species of lower and higher trophic levels are
being dema hically displaced polk
are being replaced by ice-avoiding species (¢.g.,
keill are being replaced by salps, and Adélie
penguins by Chinstrap penguins) (7, 10, 11). Do

e biogeographic modifications originate

at the base of the food web?

vation Lab, Institute of e and
School of Environmental and Biological
y N

Woods

In the short term (monthly-interannual scale)
and during spring and summer, variations in
latitudinal gradients in phytoplankton biomass
as a function of time have been associated with
sea ice timing and extent (12, 13). However, this
mechanism has not been investigated over a
longer time scale of decades. Further, the rela
tive importance of subregional differences in cli
mate variables other than sea ice (e.g.. cloudines
and currents) in determining WAP alongshore
phytoplankton dynamics is not known. In con

ast to previous work, we suggest that along
_shore phytoplankton distribution in this region
has been adjusting to the ongoing, long-term s,
ice decline and spatial modifications of other
physical climate factors. Short-term eviden:

1 phytoplankton biomass
face waters (0- to 50-m depth) and the depth of
er (UML). As the UMI
becomes less stratified, n light levels for
phytoplanktan photosynthesis de
toplankton growth is not large enot
with Chl a loss (e.g.. grazing and sinking) to
support Chl a accumulation in surface waters
(14). Because deepening of UML is mainly de
termined by greater surface wind stress (/4)
particularly during ice-free conditions, the expec
tation is for a gecrease (increase) of phyto
plankton biomass at <64° to 64.5°S (>64° to
64.5°S) duc to deeper (shallower) UML given a
shorter (longer) sea ice season and greater
(smaller) influence of wind in determining
UML depth and, therefore, mean light levels.
Based on Chl a concentration derived from
satellites [Coastal Zone Color Scanner (CZCS)
and Sea-Viewing Wide Ficld-of-View Sensor
(SeaWiFS)] (Chls) and in situ shipboard mea-
surements (Chli, gin,) (/6), We repart a two-decadal

MS no: RE1164533/CJH

Phytoplankton Communities
2009. Science 323, 1470-1473

(1978 1986 to 1998 2006) increase (decrease) of
biomass in summer (December to Februan
phytoplankton populations in the continental shelf

ts situated south (north) with respect to the
central part of the WAP region (Palmer
Archipe 64.6°S, 63.6°W). These spatial
trends were mainly associated with aphic
differences in receding sea ice cover and solar
illumination of the sea surface.

Since the 1970s, there has been a 7.5% areal
decline in summer sea ice throughout the WAP,
with the declines varying regionally (Fig. 1, blue
bars, and fig. S5, A and E). Cloudiness (Fig. 1,
pink bars, and fig B and F) and wind patterns
(Fig. 1, black bars, and fig. S5, C and G) have

so chang ade. In the
1970s, overcast skies tended to be positively
associated with windy conditions, but in the

have become more inten:
during mid to late summer (January and February)
(&
ith a 12% decline in
Chlg over the entire study region (Table 1) that
resembles Chls declines reported in northern
latitudes (>40°N) between 1979 1986 and
2000 (17).

In the northern subregion of the WAP (61.8'
to 64.5°S, 59.0° to 65. 8°W)), the skies have
become cloudier, winds persistently stronger
(monthly mean wp to 8 m s ), and summer
sea ice extent less, conditions favoring deeper
wind-mixing during the months most critical for
phytoplankton growth (December and January)
Fig. 1 and f A to D). Hence, phyto
plankton cells inhabiting these waters have been
exposed to a deeper mixed layer and overall less
ght for photosynthesis (74) that may explain
the dramatic Chlg decrease al 2 e

ed in re
Additionally

WAP subregion might
tes ion of
relatively poor Chl a waters coming from the
Weddell Sea into the Bellingshausen Sea through
the Bransfield and Gerlache Straits (/8). A Chl

a decrease was less evident during Februa
(Table 1), which su ased mixing

oom initiation but did not influenc

as strongly later in the growth sea
son. Two possible trigger mechanisms for such a

er winds [up to 5.4% incre
January (table $5)] and an insufficient volume of
fresh water from melting [up tc Jess
sea ice, December (table $5)] that otherwise
would create a fz gly stratified, shal
low UML (/3
In the southem subregion of the WAP (638

10 67.8°S, 64.4° to 73.0°W), remotely sensed Chl
a has undergone a remarkable increase (66% on
average) from 1978 1986 to 1998 2006 (Fig. 1,
fig. S5H, Fig. 2A, and Table 1) that can be
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Shift from cold-dry polar type climate to warm-humid sub-Antarctic type climate
Concomitant changes in planktonic phytoplankton communities

Region of Antarctic 1978-'86 ‘'98-2006 Phytoplankton
Peninsula

Skies cloudier
sea ice ’ = decreased light
inds stronger

il Reduced

deeper w

phytoplan

deeper
=less phytoplankton
= less krill,more salps

Northern

salt water

Decreased clqud
cover

Decreased

Reduced Seaice
increased light
increased phyto-
plankton

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



Antarctic marine invertebrate larvae — developmental rates
highly temperature sensitive
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From McClintock et al. 2008. American Scientist 96, 302-310



SPECIES RANGE EXTENSIONS

Southern extension of Antarctic elephant
and fur seals
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. “Ancient anda'f‘é’latively isolated benthic marine
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Thu Jan 25 23:13:53 2007

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



Palmer Deep '
Population estimate = 1.6 million

5

Discovery of large population of king crabs in the
Palmer Deep - Neolithodes yaldwyni - (Reported in
2011 by Craig Smith et al.)
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Aronson and McClintock — King crab research program — Marguerite Bay
Funded by the National Science Foundation 2010 — 2017 (PNAS 2015)
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- 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)




Limacina helicina antarctica



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




Antarctic Peninsula and Climate
Change

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
Adelie 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




Pre Climate Warming

Adélie penguins




Post Climate Warming

gentoo and

chinstrap penguins 4
¥




Why should we care about
climate change impacting the

marine life of Antarctica?
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McMurdo Sound — sub-ice diving

Chiris Mueller helps prepare Chuck Amsler, who will descend beneath the ice at New
Harbor at McMurdo Sound.

l)u:‘\ sea species live close to the surface here, because the water is cold, just like the dee;
sea, about 28 degrees F. So that gi
14

s us scuba divers access to animals that we would ..mr
a submersible to withstand the dquln further north. Many of the animals that live in the

seabed here are also unusually large, which is a consequence of th
i f

by infrequ

slow growth induced
od av .n'nhhilily." Dr. Kathleen Conlan
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McMurdo Sound, Antarctica



Palmer Station, Antarctic Peninsula
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A Protein with Stro‘r;,gKnti-Inﬂuen‘zﬁa Activity
from the Marine Red Alga Gigartina skottsbergii
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J Alan Maschek!, Cindy Bucher2, Alberto van Olphenz,
James B. McClintock3, Charles D. Amsler® and Bill J Baker?

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

American Society of Pharmacognosy 50" Annual Meeting

June 28th 2009




Darwinolide
A ctivity against MRSA biolfilm

e A ) -

Methicillin Resistant

Staphylococcus aureus: 135 uM ,,,
= relatively low activity (aqueous .
form) DPendrilla membranosa
MRSA biofilm: 35 uM (enticing Biofilm = Protective film of Polgsaccharicles,
activity) Pro‘ceins, mucus, etc. (similarissue in bacteria

Mammalian cytotoxicity SI: > 60 =

- that cause cgstic Fibrosis)
low toxicity

Von Salm et al., Org: Lett. 2018, /8, 2596



Is the climate really
warming?



Are human activities playing a significant role
in this warming?



Historic CO, concentrations and temperature

variations based on Vostok ice core samples

25% 1
in CO2

Antarctic Ice Core Data 1 400 (2014)

380

Temperature Variation C02 Concentration

Degrees C

Years BP

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

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



Milankovitch cycle



Stratospheric ozone hole over Antarctica: A model for hope?

Large losses of total ozone in Antarctica reveal
seasonal ClO:/Nox
interaction Free access

Farman, J. C., Gardiner, B. G. & Shanklin, J. D.
Nature 315, 207-210 (16 May 1985)

September 29, 2006 Total Ozone (Dobson Units)

220 330 440

Ozone reduction facilitated by ice crystals in atmosphere ZETU N GO LIS )
providing reaction surfaces for ozone depleting Stabilized - expect eventual closing of hole by centuries

chemicals end
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Importance of Biodiversity

Preservation of our biological
heritage
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Ghost Rookeri&sg, ¢ :_‘

Climate Change and the Adelie Penguin

Ghost Rookeries: Climate Change and the
Adelie Penguin

EOWilson Biodiversity Foundation
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CAMP MCDOWELL

A PLACE TO WORSHIP, LEARN, GROW, REST, AND PLAY SINCE 1948.

NATIONAL RESTSELLIER

Spirituality ind C llmate
d Conference ln the ForeSt

S

CREATION e
LAk APreaLto save Lire ox eante ]| A ‘ S
E.O.WILSON P lease join us at Camp McDowell November 13-15, 2015 as Professor James McClintock

and The Rev. Mark Johnston provide insight into the hot topic of climate change. While
the workshop will highlight impacts that our changing climate has made on Antarctica and
, waterways in the U.S., there will be hopeful information about the role of religion in the stewardship
b ol S ot s 8k B of creation and the importance of energy efficiency. We will leave with practical action items that
we can each do at home and at work.

winncr of tha Pulitar Price

DR. JAMES B. MCCLINTOCK is an internationally recognized J§
Antarctic Marine Biologist Professor of Polar and Marine Biology at
the University of Alobama atBirmingham. He has 25 years of research
experience in Antarctica and over 230 scientific publications. He |
has been featured in National Geographic Magazine, Discover
Magazine, Chicago Tribune, Wall Street Journal, and appeared
on The Weather Channel. He lives in Birmingham, AL Jim’s new
book, A Naturalist Goes Fishing, will be available in October.

THE REV. MARK JOHNSTON is an Episcopal priest and advocate |

for the care of God's creation. A graduate of Sewanee— both

undergrad and seminary—he has been the Executive Director of

Camp McDowell for 25 years. In 1993 Mark started the McDowell

Environmental Center, now the largest residential program in the

Southeast. He has received numerous awards and recognitions

including, Alabama’s Outstanding Young Religious Leader in 1982,

The James C. Dockery Southern Environmental Leadership Award

in 1999, and Forest Steward of the year for Winston County in

2012. Mark loves to hunt, fish, paddle, camp, garden, and run. He also watches Braves baseball.

Came McDowrrr, 105 DeronG Rp, Nauvoo, AL 35578 ® www.CAMPMCDOWELL.COM




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.



depending on the model utilized. The same
is true for upland areas.

Valid 7 am. EST

U.S. Drougflit Monitor elcons Wi o 252010

Drought Impact Types:
¢~ Delineates dominant impacts

S= Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

intensity:

(| DOAbnaormally Dry

[] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Richard Heim
NCEI/NOAA

The Drought Monitor focuses on broad-
scale conditions. Local condtions may
vary. See accompanying text surmmary for
forecast staterents.

SaT

http://droughtmonitor.unl.edu/

around Alabama could be 15 inches [38
cm] higher than today, based on a
continued average
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YouTube Video of This
Presentation

(Google search:

YouTube McClintock “From
Penguins to Plankton”






Antarctic Research Stations

Planning, Construction and
Architectural Issues

e Energy Efficiency (high cost)

e High wind (structure stability)
e |Low temperatures (insulation)

e Fire risk (redundancy issues)
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McMurdo Station, Antarctica



McMurdo Station, Antarctica
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McMurdo Station — Resupply









Palmer Station, Antarctic Peninsula







Hero Inlet

ager Station, Antarctic Peninsula
- - Pier




Former U.S. South Pole Station




New U.S. South Pole Station



— AN
'."‘“{-I"’J-J;.

.’4

Emergency >

living
quarters

New Station with heat
black box is heavy shop absorbing panels.

blue box is logisitics/fuel
red box is power plant

New U.S. South Pole Station




Casting in Fragile Waters from the Gulf of Mexico

to New Zealand’s South Islands

A
NATURALIST
GOES FISHING

JAMES McCLINTOCK

AUTHOR OF LOST ANTARCTICA







Pine Island Glacier — Major ice stream that drains
West Antarctic Ice Sheet
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New U.S. South Pole Station






tarctic Peninsula
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The glaciers studied by Rignot's research
A new 2014 study by researchers at NASA  {oam Red indicates areas where flow

and the University of California, Irvine,

) ) ) : speeds have increased over the past 40
finds a rapidly melting section of the West
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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, | 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 | descend from the summit, | 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, | 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




ADVENTURES IN A DISAPPEARING LAND
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Lost
Antarctica

JAMES McCLINTOCK

“James McClintock shares his decp love of Antarctica vividly in
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Nesting Adélie penguins
buried in snow suffer high
egg mortality

Nov 19, 2001 storm event

Photos — Heidi Geisz
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Preparing to dive below the sea ice










Summary

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

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
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Tyndalized Probiotics
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Primary Screening

* Only one extract from hundreds showed protection as evaluated by Cytopathic Effect
(CPE}=
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e The crude extract in positin A4 (G. Sottsbergi/) was determined to protect against
influenza, while the extract in position E3 partially protected.

e Healthy cells stain purple. Lane 12 contains experiment controls.



National Cancer Institute Developmental Therapeutics Program
Dose Response Curves
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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



Ecologically dominant macroalgae are

35 species of fleshy macroalgae tested
in feeding bioassays



US Palmer Station




March 2008 Wilkins Ice Shelf Collapse

Seven times the size of Manhattan
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Improved Surface Temperature Prediction for the Coming Decade
from a Global Climate Model

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

Observations
DePreSys
NoAssim

Confidence %
B ]
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Globally averaged annual mean surface temperature anomaly (relative to 1979-2001) forecast by DePreSys starting
from June 2005
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SEYMOUR ISLAND FOSSIL INVERTEBRATE COMMUNITY

Lack of durophagous predators

Photo — Rich Aronson
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Glacier Terminus -- The Glacier Edge Over Time
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Mean extent of annual sea ice on Western Antarctic Peninsula
(30% reduction over 30 year period)
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Source — H. Ducklow, NSF LTER
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Elizabeth Kelbert
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Composite Dec-Feb concentration of phytoplankton
(chlorophyll mg m3)

ource — NASA SeaWiFS
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Future Antarctic scientists?



Alcyonium paessleri
Chemical antifeedants




Distaplia cylindrica
Chemical antifeedants
Mucus pH =1.8
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Tritoniella belli
Chemical antifeedants

R

W e

HO\/ivO 1'-15' 16’
N (CH>)5CHz

Chimyl






S
S
S
S
=

icum a

Syno




' o e

Palmer Vicini =

Changes R ; 7‘,’)/; »)f;:v'

. Old Pairfrer.






Parborlasia corrugatus
Chemical antifeedants
Mucus pH = 2.0 plus neurotoxic peptide













