HOT DAYS ALONG THEWEST ANTARCTIC PENINSULA




LTER Palmer has maintained a |9 year time series along the West Antarctic Peninsula
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Incrcases in Antarctic penguin populations: reduced competition
with whales or a loss of sea ice due to environmental warming?

Wilkam R. Fraser® **, Wanzoe Z. Trivelpicce®, David G. Ainkey 30d Sean G. Trivelpicce*
Pocst Reyes Berd Ofservatons, #9990 Shorrieme Hghear, Saoscn Beach CA 95970 1S

Rocerved 25 Juse ML accepued € Asgust 1991

Semmary. A central tenct of Astasct ccology sugpests
that increases ma Chinstrap Poaguan ( Prgoncelis amarcrac )
popclanions duning the last four decades resulied from an
mcrease m prey avalabaity drought on by the decrezse in
baleen whalk stocks We guestion thas senct and presest
ewidence 10 support the Bypothes:s that these increases ane
due 10 a gradual decrease i the frequency of cold years
with eutensive WInLSr sCa KC cover resulting from eavirce-
mental marmung Supporting data were denved from one
ol the Srst. major multdisciplaary winter expodition to
the Scotia amd Weddell seas recent satellne mmages of
o0eas e oover, and the amalyvis of loagacrm surface
iemperatare records and penguin demography. Our ob-
Servaloas idCale there 1s 2 nood 10 pay Close aticatos 10
conviroeancatal datz n Iibc masagemen: of Souldemn
Oxcar rescurces pen the complenaty of relatmg biolo-
gxal chaages to ecolopcal perturbations

facroducton

Populations of many inllcateg. Sowthera Occan
predators have exhibatod significant chamges durisg the
ast our decades. Notable amoag thesc. have been in-
creases in the abundaace of Chunstrap Pengumrs (P gon-
celis gntarciical, which breed muanly on the Antarctc
Pezinsala and slands of the Scotia Sea (Wasson 1975 Ad
many colowacs. numbers have increased & - 10%, per assum
{Laws 985, and &t some locahitics fivefold increascs have
occerred in the fast 20 years (Rootes 1988, Chinstraps
have abo espandod thew ramge southward along the
western wde of the Antascte Penmimsula (Parmelec 20d
Parmeice 1957: Poncet and Poacet 1987) 1010 areas hissor-
wally dormnated by the closely relased adeine Penguin (P
adetior: Fig 1) A central temet of Astarcte coology ex

" Corrent adirens. Polar Occans Rescarch Geowp. Depanpen of
Oceanographs Ol Dossmon Universeny Neefolh. VA 23929 1S4
** Provent address W R Fraser. QDU Central Semes Offce A X
Mant Farm B¢, Long Lake MN 4315 LSA

(foviar rogeers oo W R Fomser

Maws tha populanon changes i terms of 3 presumed
acrease m food avaslabeity that resulted rom the docrease
in halcen » halke stocks 4 o commeraal whaling (Slades
1964 Emson 198 Comroy 1975, Cronall and Kirkwood
1979, Cronall and Prince 1979 Cronall er 2l 19830 This
tenct = dased on the Lict that the domusant component in
the summer deets of both Chanstraps and whales s the
Antaraax knll (Fapbasas sspernat Although thes tenct
Sas heen widely acoepied. the possibie mechansm by
wiach a docrease in whales could have kod 1o an increase i
Cheastzaps has oot boen guestioned ! Horwood 198
Indecd. the long-standing vien has smply been that
whaling led 20 2 "Soll surphes™ that was used by knll-
canmg produtors wikre competmive relcase abiered the
eusting paticrns of consumption | Laws 1985

\lthough this whalke reduction hypothesis has clearh
beer uscful in pending research on trophic mseractions in
the Southern Occans. 1t 15 now apparent that increases in
Chinsrap populatsons have not been merrored by ther
SMPpAInC. most doschy related congener, the Adcie Pen-
guin. Adches hare a signiticast portion of their range on
the Antarctic peninsula and islands of the Scotia Arc with
Chomizaps (Watson 1975) Alike in size and gencral ap-
Pcaraace. both cxlabe: broad coological simdanics. ot
the kast of whah & 2 predomunasce of inill = ther
sammcr deets | Volicman et ol 1980 Trncipiece ¢t ol 1987,
1990 Troivelpeece and Tonvelpscce 19901 Yet, when com-
pared to Chunstraps, population mcreases m Adclics have
oot beem as substamtial and 3 masy utes appear 1o
represest nothing more than recovery after haman dis-
lurbemce 2nd asplottaton (Poncet and Pomcct 1987
Adehes. m fact bave declined motceably at several local-
Mes on the Antarctic Peninsuls. 2 change comsidered
“encaplumablc” by Poncet and Poacet (1957 Thes rasses
an mcresting challcage 10 the whalk redection hypothesn
If the decrease of baleen whale stocks actually lod to 3 knill
surplus. why have populations of the ecologxally samalar
Adches rending 1n the ame geographical areas shown
such &fferent respomscs’

Here we propose that the azswer to thes question does
not rest with the sdea of 2 knll surplus. Isstead, we suggest

Key point: Ifithe decimation
ofibaleen whale populations
did in fact lead toa krill

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

“.the day have
something to tell us about
climate warming 1s perhaps the
day logic in climate science Is
abandoned...”

Anonymous Reviewer, Nature

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

journal...”

G. Hempel, Editor, Pol. Biol;
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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

1 Sea ice data 9
declined over the e A T\ A climate gradient along
few decades b the peninsula;
resulting to a _ Warmer . . N Warm, moist maritime
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1 As a grad student
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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.

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




|0 year analysis annual trends

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

ice decline
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Upwelling favorable winds result in Ekman mass transport offshore
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Time series at Palmer Station
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What regulates phytoplankton blooms in this region?
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Vernet et al. DSR 2008

Grid Line [km]

Trend
PP [mgC/mzld/year]

650
20
600
550 0
500
+-20
450
1-40
400
350 d co
300

-80

-100

230 150 70 -10
Grid Station [km]

|5 year time
series of radio-
carbon
measurements

also suggest a
North & South
gradient



The decadal changes have resulted changes in the phytoplankton
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When chlorophyll is high, phytoplankton cells are big and are largely
diatoms
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% chlorophyll a associated with phytoplankton taxa
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Fucoxanthin (mg m2) Alloxanthin (mg m2)
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Moline et al.
GBC 2004
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A general feature in the warming WAP?

L.ocation Reference

South Shetland Islands Villafane et al., 1995;
Kang, S-H et al., 1997,
Kang, J-S et al., 1997

Weddell-Scotia- Lancelot et al., 1991;

Bellingshausen Nothig et al., 1991

Confluence Areas Treguer et al., 1991;
Buma, 1992;

Mura et al., 1995;
Kang and Lee, 1995;
Aristegui et al., 1996
McMinn and Hodgson, 1993
Bransfield Strait Kang and Lee, 1995;

Kang et al., 1995

Ellis Fjord

Historical Data
Anvers Island Krebs, 1983

Signy Island Whitaker, 1982




Biogeochemical consequences
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Zooplankton are dominated by krill or salps

Krill greatest biomass of any animal on earth
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Is there an impact on higher trophic levels?







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 P s
penguins » "7-3
ey |
o be expanded by NASA

Winter grant awarded in Dec.
foraging

areas for Adelie
penguins







Changing diets for the

Adelie pengums . £ A climate gradient along
the peninsula;
1994- | Warmer, . D Warm, moist maritime
present e moister B \3 conditions migrating
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If that was not enough, warmer temps leads to more moisture and
more snow. Breeding failure...........










- - -




70 West 69 West

Old Day Communication Brave New 4 Rothera
— D ; . Adelaide a o Station
V- 4 ay Island o
f 4
§ o 4
s o
L e e UL .
. 5 WHOI Drifter
L | o
'/ Ocean RUOS5 Plan
,,./ Station RUOS Actual
Obama \ ctua y
RV Gould ] 0 0 wioaw w e s
e Rothera

Base

CH
RUTGERS  JERSEY ROOTS, GLOBAL REA

HAM Operator Coms Palmer Station 1988 R . -
= @ o

wivom- [
:::::

Rutgers |
COOLroom




A |

Enhanced productivity is associated with the warm upwelled water
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Pressure (Dec

Glider measurements of Fv/Fm indicate that the
phytoplankton populations associated with
upwelling are healthy
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Chlorophyll from rubBS's B1/24/89 - B1/29/89 deployment with overlay of 2889 penguin UD shown at S58% and 98% confidence intervals
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Temperature from ruBS's B1/24/89 - B1/29/89 deployment with overlay of 2889 penguin UD shown at S8% and 98% confidence intervals

B 0 cse, oev), a1/24/89 18:08

B 0 isen, om), 61724799 15:98
® Glider Loc. at A1/24/09 15:88

® Glider Loc. at B1/24/89 15:84
— Glider Path — Glider Path

:IE':'USt“”E . I:Ilinustline [
. [ Bathymetry [ Bathymetry Rothera St

Rothera Sta. |

o
-0
. . 100
: -120
PRy N
TR

rud3 Glider Track - LTER (B1/24/89 - ©1/29/69)

ruBS Glider Track - LTER {81/24/89 - @81/29/89)

-1 -0.8 -0.6 -0.4 -_EI.E_ ﬁl.ll _ufz e 04 0.6 n.e 1 1] 0.5 1 *_;I.S . 2 e .2';5 3 35 4
Temperature (degC) P hlorophyll (ug/l) )




L slibuce

Results from the 201 | field season: Tidal structuring of the penguin foraging
Moline, Oliver, Frazer, Kohut, Schofield
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Glider currents
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Glider Planning and Prosecution
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Conclusions:
Minor variations in the ocean state can have profound impacts on
polar ecosystems
These profound changes are occurring in many polar oceans, changes
appear to be accelerating
New technologies offer a mode to study and understand these
changes, so it is time hopefully speed up our uphill trek to quantitative
understanding, animals will help show us the way
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