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Why did | choose my job?

Sl REASON I: | grew up in the ocean, swimming, fishing, surfing, skin diving. |
love the ocean. Never had a formal plan stumbled into it. Now on a mission
for life as the ocean has changed significantly in my lifetime and it will change

yours and my kids planet in unknown ways.
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Increases in Antarctic penguin populations: reduced competition
with whales or a loss of sea ice due to environmental warming?

William R. Fraser*** Wayne Z. Trivelpiece®, David G. Ainley and Susan G. Trivelpiece*
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Summary. A central tenet of Antarctic ecology suggests
that increases in Chinstrap Penguin ( Pygoscelis antarctica)
populations during the last four decades resulted from an
mncrease in prey availabiiity brought on by the decrease in
baleen whale stocks. We question this tenet and present
evidence to support the hypothesis that these increases are
due 10 a gradual decrease in the frequency of cold vears
with extensive winter sea ice cover resuiting from environ-
mental warming. Supporting data were derived from one
of the first, major multidisciplinary winter expedition to

the Scotia and Weddell seas: recent satellite images of

ocean ice cover: and the analysis of long-term surface
temperature records and penguin demography. Our ob-
servauions mdicate there is a need to pay close attention 1o
environmental data in the management of Southern
Ocean resources given the complexity of relating biolo-
gical changes to ecological perturbations.

Introduction

Populations of many Kknil-eating, Southern Ocean
predators have exhibited significant changes during the
last four decades. Notable among these, have been in-
creases in the abundance of Chinstrap Penguins (Pygos-
celis antarctica), which breed mainly on the Antarctic
Peninsula and islands of the Scotia Sea (Watson 1975), At
many colonies. numbers have increased 6 -10% per annum
(Laws 1985), and at some localities fivefold increases have
occurred in the last 20 years (Rootes 1988). Chinstraps
have also expanded their range southward along the
western side of the Antarctic Peninsula (Parmelee and
Parmelee 1987: Poncet and Poncet 1987) into areas histor-
ically dominated by the closely related adeliec Penguin (P.
adeliae: Fig. 1). A central tenet of Antarctic ecology ex-

* Current address! Polar Oceans Research Group. Depariment of
Oceanography, Old Dominion University. Norfolk. VA 23529, LUSA
** Present address: W.R. Fraser, ODU Central States Office 830
Hunt Farm Rd.. Long Lake. MN 535356, USA

Offprint requests 10: W_R. Fraser

plains these population changes in terms of a presumed
increase in food availability that resuited [rom the decrease
in baleen whale stocks due to commercial whaling (Sladen
1964: Emison 1968: Conroy 1975: Croxail and Kirkwood
1979: Croxall and Prince 1979; Croxall et al. 1984). This
tenet is based on the fact that the dominant component in
the summer diets of both Chinstraps and whales is the
Antarctic krill (Euphausia superba). Although this tenet
has been widely accepted. the possible mechanism by
which a decrease in whales could have led to an increase in
Chinstraps has not been guestioned (cf. Horwood 1980).
Indeed, the long-standing view has simply been that
whaling led to a “krill surplus™ that was used by krili-
cating predators when competitive release altered the
existing patterns of consumption (Laws 1985),

Although this whale reduction hypothesis has clearly
been useful in guiding research on trophic interactions in
the Southern Oceans. it is now apparent that increases in
Chinstrap populations have not been mirrored by their
sympatric. most closely related congener. the Adeiie Pen-
guin. Adehes share a significant portion of their range on
the Antarctic peninsula and islands of the Scotia Arc with
Chinstraps (Watson 1975). Alike in size and general ap-
pearance. both exhibit broad ccological similarities, not
the least of which is a predominance of krill in their
summer diets (Volkman et al. 1980; Trivelpiece et al. 1987,
1990: Trivelpiece and Trivelpiece 1990). Yet, when com-
pared to Chinstraps, population increases in Adelies have
not been as substantial, and at many sites appear to
represent nothing more than recovery after human dis-
turbance and exploitation (Poncet and Poncet 1987).
Adelies. in fact. have declined noticeably at several locai-
ities on the Antarctic Peninsula. a change considered
“unexplainable” by Poncet and Poncet (1987). This raises
an interesting challenge to the whale reduction hypothesis:
[f the decrease of baleen whale stocks actually led to a krili
surplus, why have populations of the ecologically similar
Adelies residing in the same geographical areas shown
such different responses?

Here we propose that the answer to this question does
not rest with the idea of a krill surplus. Instead, we suggest

Key point: If the decimation

ofibaleen whale populations
did in fact lead to a “krill

surplus”, why were krill-
dependent , top predator
populations exhibiting such
dichotomous trends?
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Summary. A central tenet of Antarctic ecology suggests
that increases in Chinstrap Penguin (Pygoscelis antarcrica)
populations during the last four decades resulted from an
mncrease in prey availabiiity brought on by the decrease in
baleen whale stocks. We question this tenet and present
evidence to support the hypothesis that these increases are
due 10 a gradual decrease in the frequency of cold vears
with extensive winter sea ice cover resuiting from environ-
mental warming. Supporting data were derived from one
of the first, major multidisciplinary winter expedition to
the Scotia and Weddell seas: recent satellite images of
ocean ice cover: and the analysis of long-term surface
temperature records and penguin demography. Our ob-
servautions indicate there is a need to pay close attention 1o
environmental data in the management of Southern
Ocean resources given the complexity of relating biolo-
gical changes to ecological perturbations.

Introduction

Populations of many knil-eating, Southern Ocean
predators have exhibited significant changes during the
last four decades. Notable among these, have been in-
creases in the abundance of Chinstrap Penguins (Pygos-
celis antarctica), which breed mainly on the Antarctic
Peninsuia and islands of the Scotia Sea (Watson 1975), At
many colonies. numbers have increased 6 -10% per annum
(Laws 1985), and at some localities fivefold increases have
occurred in the last 20 years (Rootes 1988). Chinstraps
have also expanded their range southward along the
western side of the Antarctic Peninsula (Parmelee and
Parmelee 1987: Poncet and Poncet 1987) into areas histor-
ically dominated by the closely related adelic Penguin (P.
adeliae: Fig. 1}. A central tenet of Antarctic ccology ex-
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plains these population changes in terms of a presumed
increase in food avallability that resuited [rom the decrease
in baleen whale stocks duc to commercial whaling (Sladen
1964: Emison 1968: Conroy 1975: Croxail and Kirkwood
1979: Croxall and Prince 1979; Croxall et al. 1984). This
tenet is based on the fact that the dominant component in
the summer diets of both Chinstraps and whales is the
Antarctic krill (Euphausia superba). Although this tenet
has been widely accepted. the possible mechanism by
which a decrease in whales could have led to an increase in
Chinstraps has not been guestioned (cf. Horwood 1980).
Indeed, the long-standing view has simply been that
whaling led to a “krill surplus™ that was vsed by krili-
cating predators when competitive release altered the
existing patterns of consumption (Laws 1985).

Although this whale reduction hypothesis has clearly
been useful in guiding research on trophic interactions in
the Southern Oceans. it is now apparent that increases in
Chinstrap populations have not been mirrored by their
sympatric. most closely related congener. the Adeiie Pen-
guin. Adelies share a significant portion of their range on
the Antarctic peninsula and islands of the Scotia Arc with
Chinstraps (Watson 1975). Alike in size and general ap-
pearance. both exhibit broad ccological similarities. not
the least of which is a predominance of krill in their
summer diets (Volkman et al. 1980; Trivelpiece et al. 1987,
1990: Trivelpiece and Trivelpiece 1990). Yet, when com-
pared to Chinstraps, population increases in Adelies have
not been as substantial, and at many sites appear to
represent nothing more than recovery after human dis-
turbance and exploitation (Poncet and Poncet 1987).
Adelies. in fact. have declined noticeably at several locai-
ities on the Antarctic Peninsula. a change considered
“unexplainable” by Poncet and Poncet (1987). This raises
an interesting challenge to the whale reduction hypothesis:
[f the decrease of baleen whale stocks actually led to a krili
surplus, why have populations of the ecologically similar
Adelies residing in the same geographical areas shown
such different responses?

Here we propose that the answer to this question does
not rest with the idea of a krill surpius. Instead, we suggest

Key point: If the decimation

of baleen whale populations
did in fact lead to a “krill

surplus”, why were krill-
dependent , top predator
populations exhibiting such
dichotomousitrends?

“...the day have
something to tell us about
climate warming is perhaps the
day logic in climate science is
abandoned...”

Anonymous Reviewer, Nature

“...a paper that creates this kind
of controversy should be
positive for science and the

N journal...”
G. Hempel, Editor, Pol. Biol:
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The central hypothesis when the LTER began was that sea ice timing and magnitude structure the productivity
and composition of the Antarctic ecosystem. The ice dynamics are driven by large-scale interactions of the
atmosphere and ocean.

Winter 2007 Summer 2007
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The WAP peninsula is experiencing the largest winter warming on Earth

Mean Winter Temperatures
0 ' ' | | |
“Slope (Faraday) = 0.98 degC per decade

Winter (JJA) Air Temperature (C)

—10 — ~ —
“Slope (Palmer) = 1.15 degC per decade i
—20 _ _ | | | |
1940 1950 1960 1970 1980 1990 2000 2010
Year

Black is British Faraday & Ukraine Vernadsky Station
Red is US Palmer Station
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The WAP peninsula is experiencing the largest winter warming on Earth

Larson-B ice shelf after its collapse
Thanks to BAS & A. Clarke
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Melt pools on surface of King George VI Sound
(from a BAS twin otter, January 2004)
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Seasonal ice has

1 Seaicedata ¥
declined over the ey o - A climate gradient along
few decades ¥ the peninsula;
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Seasonal ice has

' Sea ice data ’
declined over the oty of £, 3 . A climate gradient along
few decades v the peninsula;
resulting to a | | Warmer . . 8 _ Warm, moist maritime
climate migration NP b, | conditions migrating
P b e, 4- south

to the South
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Key Implications:
Regional shifts in the sea
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Palmer Station in the present
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Heat input from Antarctic Circumpolar Current (ACC - world’s largest ocean current =
~30,000 Niagara Falls). The heat is driven onto the shelf by intensification of upwelling-
favorable winds.
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Heat input from Antarctic Circumpolar Current (ACC - world’s largest ocean current =
~30,000 Niagara Falls). The heat is driven onto the shelf by intensification of upwelling-
favorable winds.
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Heat input from Antarctic Circumpolar Current (ACC - world’s largest ocean current =
~30,000 Niagara Falls). The heat is driven onto the shelf by intensification of upwelling-
favorable winds.

The WAP is the

only location in the
Antarctic where the
ACC is adjacent to
the shelf break. The

ACC is Antarctica’s
warmest water
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|0 year analysis annual trends

Annual Rate of Sea Ice Concentration change (%)
1978-2008

ice decline
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The decadal changes have resulted changes in the phytoplankton
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Time series at Palmer Station
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Salinity (p.p.t)
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Zooplankton are dominated by krill or salps

Krill greatest biomass of any animal on earth
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From Loeb et al., 1997
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Is there an impact on higher trophic levels?
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One focus idea of the LTER is testing, is that system is undergoing climate migration.VVe
have structured sampling around the major Adelie penguin breeding areas along the
peninsula.

Summer
foraging s =
areas for Adelie " ol 4
penguins N
o be expanded by NASA
Winter grant awarded in Dec.
foraging
areas for Adelie

penguins
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Enhanced productivity is associated with the warm upwelled water
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Changing diets for the

Adelie penguins - A climate gradient along

Be % the peninsula;
Warmer. . O % Warm, moist maritime
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Changing diets for the

Adelie penguins - A climate gradient along
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Changing diets for the

Adelie penguins - A climate gradient along
e 7 the peninsula;
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o / \ /
'1 \ \ \ \ \
X 5 40 A O O D D A D DD N DD > B PN DS S Q
RS S SR S S SR S ,3?’ ,3?’ i ,\0.3’ ,9‘3 ,\0.9 RO I ,19°
YEAR

Depth (m)

200

600 e

800

1000

1200
1000

900

800

700

600 500 400 300
Distance Offshore (km)

200

100

2.05

2.03

2.01

1.99

1.97

1.95

1.93

1.91

1.89

1.87

1.85

1.83

1.81

1.79

1.77

Thursday, August 1, 13



Krill Size Class (mm)
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If that was not enough, warmer temps leads to more moisture and
more snow. Breeding failure...........
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Bring in the Robots

-
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Rutgers University - Coastal Ocean Observation Lab

Google
<

CODAR Network L-Band & X-Band Satellite Glider Fleet 3-D Nowcasts
Receivers & Forecasts
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Your Labs will be everywhere all the time

325 deployments - 129580.19km flown - 5930 days

90

60

30

-180 -150 120 -90 -60 -30 30 60 90 120 150 180

RU-COOL Deployments by Year

Year Number | Distance (km) Days
2012 19 5054.31 290.3
2011 37 11975.53 624
2010 46 17003.36 876.6
2009 30 18114.34 761.1
2008 28 16642.28 604.7
2007 27 10277.99 462.9
2006 38 9745.88 538
2005 16 4113.87 207.1

Totals 241 92927.56 4364.8

Includes all Global deployments
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Models
Improved
with in situ

data via data
assimilation
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HURRICANE IRENE AFTERMATH
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The Miami Herald > Weather >

Hurricanes
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Scientists say that it is much easier to accurately predict what path a hurricane will take.
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Published: August 27, 2011
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in Hurricane Irene
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A S N—
he revolution will be televised. It will require us to be interdisciplinary. |
was trained as a cell biologist, working now as an ecologist, physical
oceanographer, Earth system scientist. This required given the needs with a

~ changing global ocean.
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Conclusions:
Minor variations in the ocean state can have profound impacts on
polar, coastal and human ecosystems
These profound changes are occurring globally, debate is about if the
changes are accelerating
New technologies will help us to understand these changes to
prepare society.
Your generation will be the key players, get ready
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