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Hugh Ducklow (VIMS): microbial biogeochemistry
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The central tenet of PAL is that the annual advance and retreat of
sea ice is a major physical determinant of spatial and
temporal changes in the structure and function of the
Antarctic marine ecosystem...We now recognize the west
Antarctic Peninsula (WAP) as a premier example of a climate-
sensitive region experiencing major changes in species
abundance and composition due to changes in range and
distribution that are occurring in response to regional climate
change manifested here primarily as a southern migration of
principal climate characteristics (climate migration). In
effect, the maritime system of the northern WAP is replacing
the continental, polar system of the southern WAP along the
peninsular climate gradient. This change is driven by regional
warming, which is modulated by regional hydrography, sea
ice processes and global teleconnections to lower latitude
atmospheric variability...we seek to understand the full
ecological implications of climate migration in the WAP, and
uncover the mechanisms linking them through
teleconnections to global climate variability.




What we know:

Regional warming (+5C in winter; +2C annual) over past 5 decades
Sea ice extent, duration declining

These two highly correlated; mechanisms are beginning to be
understood.

Interannual variability in sea ice behavior

Penguins declining locally (70% since 1975): but mechanisms and
links to climate not clear...some factors may be terrestrial (e.g., show).

What we think:

Some relationship between sea ice variability and plankton dynamics:
High ice years - High PP (eg, 1996) Low ice - low PP (eg, 1999)
But krill optimize on ‘average ice years’ ??? And no real highs, lows in

the 1990s...

Links between lower trophic levels and penguins also unclear




Palmer temperature, 1975 - 2002 !

0
regression
r’=0.28 °
4 | p<o0.02 .
1 o ® ._____.. ’. .
. _________ ’/”’ "
2] @ T
® ,,,,,’ “. _____ @.. . o
'3 N ”’,/” .
- ._
. {
B "'5.
| O
No data 1982, 87-89
-5 T : : . | |
1975 1980 1985 1990 1995 2000

Year

"[1980s: Hi/Lo temps

1990s: Not



Palmer annual mean ice extent, 1979 - 2003
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Palmer sea ice & temperature, 1979 - 2001
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Coverage (km

GSFC Bootstrap Derived Ice Extent (black),
Area (red), and Open Water (blue)
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area of coverage
in sampling grid
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Solid lines: coverage for current year
Dotted lines: 1990-99 mean

Black: total extent
Blue: open water within ice pack
Red: Difference

Data courtesy S. Stammerjohn LDEO
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Palmer Adelie population, 1973 - 2002
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Grid Line (km)

SeaWIFS Chlorophyll, January 1998 - 2003
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WAP 1996 Carbon Solution

opS = Gross PP for
Small Phytoplankton

Krill grazing of o, = Gross PP for

Large | aroe Phytoplankton
Phytoplankton is

42 % of PP. bac = bacteria

=> det = detritus
ext = Export
kri = krill

SN\ mic = microzooplankton

pro = protozoans

“\.
Penguin consumption @

of krill equal
to 0.1 % of PP. V; 47 1084, doc = dissolved organic

Largest flows are Krill grazing and respiration.  matter
Upper Trophic level flows are very small.

% myc = myctophids

pen = penguins



WAP 1999 Carbon Solution

Krill grazing of
Large
Phytoplankton is

21 % of PP.

Total Salp ingestion
is 21 % of PP.

18/6/2C
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Salps have significant role in food web.

opS = Gross PP for
Small Phytoplankton

gpL = Gross PP for
Large Phytoplankton

bac = bacteria
det = detritus

ext = Export

kri = krill

mic = microzooplankton
pro = protozoans

myc = myctophids

pen = penguins

doc = dissolved organic

matter
sal = salps



The Cruise...

1. The Grid
2.Process Stations
3. Sediment Trap

4. “Inside” stations
5. Rothera

6. King Neptune
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Bacterial production
January LMG cruise
2003

Leucine incorporation
upper 50 meters (nmol m-2 hr-1)
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Microbes & biogeochemistry
PAL-LTER annual meeting 2003
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LTER grid area
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General structure of the cruise

Sample LTER Grid Stations

top-to-bottom CTD cast with 12 samples
zooplankton tows

revisit Palmer Stations B, E 3 times
routine, “core” measurements
3-4 stations per day

Recover and redeploy Sediment Trap Mooring (15 Jan)

3 Process Stations

north, middle and south regions on grid
ca. 24 hours each
experimental work and repeat sampling

Deploy birders
Renaud Island (1 day)
Avian Island (4 days)



General structure of the cruise, continued

High resolution grid near Palmer Station
CTD and nets
around 13 Jan
personnel swap (krill group)

Visit Rothera Station Saturday 22 Jan.

Exchange personnel
Local CTD sampling & intercalibration

Party!
Depart 0600 Sunday, resume operations

King Neptune visits vessel 01 Feb.
Caveats:

Expect 2-3 days lost to storms
Expect to lose stations due to ice



