


LTER Palmer has maintained a 19 year time series along the West Antarctic Peninsula
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with whales or a loss of sea ice due to environmental warming?
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Summary. A cenural tenck of Antaretc ccology suggests
that increases in Chinstrap Penguin (P

plaias these population changes n terms of a presumcd
increase in food that resulted from

populations during the fast four decades resulted from an
increase in prey availability brought on by the decrease in
baleen whale stocks. We question this tenet and present
evidence to support the hypothesis that thess increases are
due 1o a gradual decrease in the frequency of cold years
with extensive winter sea ice cover resulting from environ-
mental warming. Supporting data were derived from one
of the first, major mulidisciplinary winter expedition to
the Scotia and Weddell seas: recent satellite images of
ocean ice cover; and the analysis of long-tcrm surface
temperature records and penguin demography. Our ob-
servations indicate there is a need to pay close attention to
environmental data in the management of Southern

cean resources given the complexity of relating biolo-
gical changes to ecological perturbations

Introduction

Populations of many krilleating, 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 (Pyqor-
celis antarctica), which breed mainly on the Antarctic
Peninsia and Klands of he Scors S (Wassen 1975). At
many colonies. numbers have increascd 6-10% per annum
(Laws 1985). and at some localities fivefold increascs 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 adeiic Penguin (.
adeliae: Fig. 1). A central tenet of Antarctic ceology ex-
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s stocks duc to commereial whaling (Skaden
1964 Emison 1968; Conroy 1975: Croxail and Kirkwood
1979: Croxall and Prince 1979: Cronall 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 (Fuphausia superba). Although this tenet
has been widely accepted. the possible mechanism by
which a decrease in whales could have led 10 an increasc in
Chinstraps has not been questioned (cf. Horwood 1980),
Indeed, the long-standing vi
whaling led t0 a “krill surplus™ that was used by Krill-
cating predators when competitive relcase altered the
existing pattcrns of consumption (Laws 1985).

Although this whale reduction hypothesis has clearly
been uscful in guiding research on trophic interactions in
the Southern Oceans. it is now apparcnt that increases in
Chinstrap popul: ave ot 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 Trivelpicce 1990). Yet. when com-
pared to Chinstraps, population increases in Adelics 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).
Adelics. in fact. have declined noticeably at several local-
ities on the Antarctic Peninsule. a change considered

“unexplainable” by Poncet and Poncet (1987). This raises

an interesting challenge to the whale reduction hypmhcsns
1 the decrease of baleen whale stocks actually led to a krill
surplus, why have populations of the scologically similar
Adelies residing in the same geographical areas shown
such different responses

ere we propose that the answer 10 this quesion does
not rest with the idea of a krill surpius. Instead. we suggest

Key point: Ifitheidecimation
of:baleen'whale populations
did in fact lead to/a “krill
surplus’, why were krill=
dependent;, top'predator:
populations exhibiting such
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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.
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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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Seasonal ice has

. Sea ice data [ &
declined over the Cehamman 0.1 A climate gradient along
few decades the peninsula;
resulting to a 3 Warmer . . TR Warm, moist maritime
climate migration I moister \ e conditions migrating
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Key Implications:
Regional shifts in the sea
ice has major ecological

implications
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Plants at Palmer Station,
the greening of Antarctica




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.




|0 year analysis annual trends

Annual Rate of Sea lce Concentration change (%)
1978-2008
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Upwelling favorable winds result in Ekman mass transport offshore
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The decadal changes have resulted changes in the phytoplankton
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The changes driven by a decline in sea
ice, wind and sun







Vernet et al. DSR 2008
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% chlorophyll a associated with phytoplankton taxa
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can be explained by diatoms.

The next most significant player
- "! t & are the cryptomonads (~15%)




Corethron criophilum

Palmer Cryptophytes --> 8 + 2um

SEM Micrographs fromMcMinn and Hodgson 1993
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Watercolumn Integrated Alloxanthin
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TS plot with Alloxanthin end Fucoxanthin Pel Sta, €
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Zooplankton are dominated by krill or salps

Krill greatest biomass of any animal on earth
















Is there an impact on higher trophic levels?







One focus idea of the LTER is testing, is that system is undergoing climate migration.We
have structured sampling around the major Adelie penguin breeding areas along the

\iis peninsula.
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Changing diets for the
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Adelie penguins
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A climate gradient along
. the peninsula;
Warmer . . & Warm, moist maritime
moister conditions migrating
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If that was not enough, warmer temps leads to more moisture and
more snow. Breeding failure...........










Bring in the Robots







(Coastal Ocean Observation Lab: COOL)
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Enhanced productivity is associated with the warm upwelled water
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Future Networks will expand the number: Example Year 2010










Results from the 201 | field season:Tidal structuring of the penguin foraging
Moline, Oliver, Frazer, Kohut, Schofield
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Classified as Larger category

. . Cryptophyte A Flagellate all ) . B
assification 7= == Automatic classification
RS e e
Diatom Diatom all
Diatom (charismatic) Diatom all
S u m m a ry Diatom (fuzzy) Diatom all CC) Flagellate Diatom Dinoflagellate Other Discard % agree
Diatom (potential) Diatom all O
e § el 3039 040 115 931 538 61
Flagellate straight Flagellate all e X
9 R Discard ‘= Diatom 665 6803 31 409 760 78
Group  Count % a
Cryptophytes| 11484 51 Snting e ©  Dinoflagellate 202 67 119 180 34 20
Gyrodinium Flagellate al (V)
Junk Discard
C  Other 487 323 73 1444 233 56
. LRT Other
Dlatoms 73 60 32 Nanoflagellate Flagellate all g .
Plgment Discard Discard 363 1392 26 426 10848 83
Dinos 555 2.4 Prasinophyte Flagellate al =]
Sgeag S L %agree 70 71 32 42 87 74
Flag. predator 486 2.1 P =
Air bubble Discard 3 = x o = ’
Others 2850| 12.5 Bead Discard Automatic classification matches 74% of human classification
Ciliate Discard
Total 22735 s R : ;
Dinofagellat el All particles were classified/corrected by hand
Phaeocystis spp. (cells) Other
Phaeoczsﬁs sZ: (colony)  Other
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