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Welcome to CARE

Connecting Arctic/Antarctic
Researchers and Educators

From the Tropics to the Poles: What the
Oceans Have to Tell Us About Climate Change
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What is CARE?

Connecting Arctic/Antarctic Researchers and Educators (CARE)
is a professional development network managed by ARCUS,
using online web meetings to support the integration of
science research experiences into classroom curriculum. CARE
brings together teachers and researchers to discuss field
experiences, current science issues, content, technology
resources, and pedagogy.

http://www.polartrec.com/care




Today’s Presenters

Tina King, Teacher, West Wilson Middle School, Mt. Juliet, Tennessee
Bob King, Teacher, Friendship Cristian Schools, Lebanon. Tennessee

R. Mark Leckie, Professor, University of Massachusetts, Amherst, MA

Sam Bowser, Research Scientist, Wadsworth Center, Albany, NY




There's a Whole World outside the Classroom
..Connecting Students to Learning
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Connecting Students to Scientists

Dr. Sam Bowser, Research Scientist
Wadsworth Center, Albany, NY




National Science Foundation's Program:
“Teachers Experiencing Antarctica and the Arctic”
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Marine science at the base of the Taylor Dry Valley

Sam Bowser, Wadsworth Center, Albany, NY
Molly Miller, Vanderbilt University, Nashville, TN
Sally Walker, University of Georgia, Athens, GA

1) Using sediment cores to study the biology of Foraminifera

2) Using cores to study the distribution of Foraminifera living in the
top cm of sediment.

3) Figuring out what “sticks around” to become part of the fossil
record (= a science called “taphonomy”). See this link to Dr. Sally
Walker’s taphonomic work:
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EXPLORERS COVE
FIELD OPERATIONS
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QUESTIONS ABOUT THE BIOLOGY
OF GIANT FORAMS:

‘WHAT DO THEY EAT?
‘WHERE ARE THEY FOUND?
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FORAMINIFERA ARE C)"J\RNIVORESI

(actually omnivores, but whatever...






“if we pull this off, we'll eat like kings.”



CAN A SINGLE-CELL CREATURE
BE AN ENDANGERED SPECIES???
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FINDINGS TO DATE:

oEast/West/Shallow/Deep
stations sampled

HWD-2

ePatchy at Explorers Cove;
absent at other stations
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Student’s Question to Dr. Bowser:

Why do scientists collect sediment cores?




“Skittle Core’s

quantitativelecology;
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Homepage Aboutthe Projecdd  For Teachers For Students

The Skittle Core Lab QO O

The Skittle Core Lab brings quantitative ecology inta the classroom emvironment. Students are infroduced
to D, Sam Bowser's Antarctic research program, and to the organisms {called "foraminiferans”) that he
studies. Then, students re-create his coring experiments using Skittles to represent the forams

Real-World Sampling

All about the field work Information about Foraminifera, and a photo gallery of the
Bowser Lab collecting foraminiferans under the ice at Explorers Cove, MchMurdo
Sound, Antarctica

Lab sheels and kesson plans for several grade levels, plus extended extercises
sources for materials, sample data, and a photo gallery of students doing the lab
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Core Samples
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Lab Sheet A
Population Sampling

Calculating the Population Density

Intreduction: O Sowder @ feam anedd bendarh the oo o AnfareTicg 1o Sy
Foramvnfere Scienfists are ovferested in the population. or the aumber of argamems of
rhy ganip species that Bve in the area.  They alfe fry fo colcwlafe FAe population deasivy,
ar fhe sumber of mdividunl srpancems thaf share the Same Viang fpace. Since O, Bowser
fan Tt ol fack Faramowfera that ivesd o Speeific arear aeoe Explarers Cove, he musT refy
on ¢ method colled papulation sampling 1o estimate the rumber of foramwfera i the
area [, Bewser takes seversl core samples from P Boffam of the ocean in ar anea
absut the size of sur gym. The core gomple fud an apeming about the sixe of ar drdngd
JucE can T shetfile cord kab wll giver pow an ides of what O, Boeder does o Arfarchon
ang .q-ﬂ?- CORE SaMples are impartant for Aif redearch.  The afferent colored shatiies
Fepresent arfferent fpecies of Foramaaiera

1_] Finding the Area of the Core Sample:

A Drow the disseter across the center of the orenge juice con (Below) end record the
dismener ond the rodius to the neorest centimeter on the Lnes prowded. This is the
size of the core zomple
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2.} Sample Area:

A, In order to estimate how mory foreminefera could be in the samplang orea, yoo must
first compare the orea of the sample size to the orea of the whole cake
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core_sample,

o i g 1 ; & [ ¥
_lll.:!'_'li S s z _]_'1' (factor) |, therefore the coke is _ﬂ_L TiEd
biggr thon the core somple. Thes facter will be nepded in step 4 1o help determine how

Ty forams are @ your whale cake

3. Core Somples: x,y coordinates: As each core sample i taken from pour cake, please
mate and label these cores within the box To mdicate the lecation of each care. Then work
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F i “your” somple core on theg e praveded o T fl’.l"\.]l"‘l‘ fo identify wour Lare Sampee -~

. I
l:r, )i § aga = cm (ocross)

o (p)

v (B} Then Hmid thie % for cach spag
g the fastar {Seep 28]

for coch forem spoces & CIME Almp

Colors | Representative Forominifera Species | in Core | % | Estimote (coke)
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S'rahshcs Mean, Median, and

Summary: 'Work az a team alk six core pomples in your coke
B.) Using Statistics fo Understond the Science: Becord the number of "foroms® fousd
in gach core sample in your cole fo find the totel mamber of “forams” in your ores (whale
cafe) Then calculote the mede. medion. and mean for each

., [Core Samples: :-a_] : (Statistics)
L'@“"“ A A6 | Total | Mode = Medion
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3 A0 |
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6.} Uping this data, find the averoge (mean) number of “faram®™ specimens per core.
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Record data & Measurements

10} Dr. Bawser collects core somples from an area ahout The give of the gym, Lise

vour dafo froem the "Skitthe Core Activity™ to help vou bether understand how colculaiioes

ceuld help Dr. Bowser estimate the popalation of forammifera in specific regeens on The

eopan flsor in Explorers Cove, Anforchico. Maoke a prediction ond record on line below
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10a.} The area of the core sampla is P £y, W
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11.) Record the "Mean™ {Step 5] ond the "Population™ for eack species on the chart
below. To estimote the population of forema in This area, muffipdy B mean by the
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[ I, T3
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Population Bansity of forams per squore om in the gym: Cate (95
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live us the arca, while populastien density (c1ls how many lve per squane unst oF space.  Think
izt thiast! D1 e ok 300 suadenis an wour classrccom and pui the = pogealation im the gym, the
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Reaching Students by Personalizing the Science

..The scientist



Deep Drilling Vessel
JOIDES Resolution



How do you get research from the drilling ship into the classroom?
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WANTED

DEAD AND WELL-~
PRESERVED

frlaharrtalia foke
“Mokawk guy™

“Mohawk guy” and his band of
Neogene planktic foraminifer
friends, for crimes
against calcareous nannofossils
and other phytoplankton
(Last Seen at Site 806)

Wanted Poster with Mug Shots

Diedpeninokdes waoralyfer Sirepiociilan plobnperem
“Nwerd huabddes ™

lalmhevialir Fumidy
=T tamuraror

LTy B e N ]
“Fop sder™




Learning Objectives:

*Build a &raphic Representation

‘Read and interpret authentic data
*Compare paleoceanographic events and
the effect on biota livi

National Science Education Standards:
Standard A: Science as Inquiry

Standard C: Life Science

*Standard D: Earth and Space Science
Biology/Geology Connections: Cells...Ecosystem....Fossils)

Ocean Literacy Essential Principles: (1-5)

The Earth has one big ocean with many features; ocean and life in the
ocean shape the features of Earth; The ocean is a major influence on
weather and climate; The ocean makes the Earth habitable; The ocean
supports great diversity of life and ecosystems.




Google Earth, Site 806, Leg 130: Western Equatorial Pacific
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Introductory Activity: Where in the World is Site 8062




Evidence from the Past Locked up in the Cores

Making a Smear Slide

from a Small Sample



Coring and Depth Intervals

ODP Leg 130 “Hole 806 B"
Drilling Vessel: JOIDES Resolution

February 18, 1990 — February 22, 1990
(Time at Drill Site: 4 days, 4 hours, 30 min.)

» Water Depth: (from sea level) 2519.9 m

* Penetration through seafloor: 743.10 m
(mbsf = meters below sea floor)

® Number of Cores: 78
* Total Length of Core Section: 743.10 m
* Core Recovery: 89%

* 230 samples examined...
(110 planktonic foraminifer species identified)



Site B
Surface Dwelleér

earty Miocene-middle Miocen

Zone: mid N4db - hase of M14 Site Bib

Thermocline Dweller

- P]El’lktﬂ‘nll: Lt B fiocene- e Pliocene

Had two pulses i the . Cubzone: N1T-N1&MN1Y
mid Miocene, which AR LR

indicated changes in the . oF Y e L Planktom<

surface ocean ' gl f

e el s arked abundance m
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“Cyclops one™
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Site 806
Deep Dweller
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»  Planktonic

s Ome of deepest dwelling
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Foraminifers... Note the Diverse Shell Structure

Warm Water Upwelling Cold Water Upwelling
Indicator Species Indicator Species
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Graphic Representation
“Figure 11”

A

Pliocene | .

L

earty

“Distribution Table” will be built
by students using this data

‘Paleoceanographic Events

-Dominant Taxa in Planktonic
Foraminiferal Assemblages,
Hole 806
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Western Equatorial Pacific




Using Foram Bio Cards to Making the Connection: How did
Categorize the Forams Forams get into the sediment?
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(Relative Age)




24 Section Cards: 6raphic Representation
Section Card 4 (Find Section 4 on the chart)
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Build Figure 11 one section at a . N
time from the bottom to the top The F:.:tr'nm Bio Cfll‘d.": indicate where the
planktic forams live in the water column:
(oldest to youngest). ;
Surface, Thermocline, or Deep.



Building the Graphic Representation Together

Individual Data Charts 6roup Chart to Share Data
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Present-day circulation in the Pacific: faster current and more nutrients.
Image: http://oceanmotion.org/images/surface_current_map. jpg




Figure 11, Authentic Data
Scientific Repor"t Leg 130
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6raphic Representation
Figure 11, Built by Students



Connecting Students to Learning

*Collaborating
*Communicating
*Investigating
*Comparing
*Analyzing
-Discussing
*Building Content

'Ope.mng Minds




Is Climate Change Real?
A Marine Perspective

Let's consider the following
observations and facts
spanning the present and our
geologic past....

R. Mark Leckie
Department of Geosciences
University of Massachusetts

mleckie@geo.umass.edu



PARTS PER MILLION

Monthly mean atmospheric
CO, at Mauna Loa (since 1958)

380

360

340

320

Atmospheric CO, at Mauna Loa Osewatﬂry

Scripps Institution of Oceanography

W

|

NOAA Earth System Research Laboratory /"

Early trends

L

47" Recent trends;
e what do you

) observe?
] _i e |

The burning of fossil fuels has
unequivocally altered the
composition of-our atmosphere.
Is this what is responsible for the
gfnbaf warming observed today?

Oectober mm

1 i 1 i 1

1960

1970

1980
YEAR

1990 2000 2010

http:/f'www.esrl_noaa.gov/gmd/ccgg/mrends/cod_data_mlo html



This may seem counter-
intuitive, but the process

of science is very
conservative

2001 "There is new and stronger
evidence that most of the warming
observed over the last 50 years is
attributable to human activities."

auna Loa Monthly Mean Carbon Dio

T80 -

Conclusions of
Intergovernmental
Panel on Climate
Change (ICCP)

| NOAA
1995 "The balance of evidence

suggests a discernable human
| influence on global climate."

Reports | L

1990 "The )
unequivocal detection -
of the enhanced It took >4 decades for the .
greenhouse effect = vt scientific community to come to
from observations is i a consensus that the present
not likely for a decade B trend of global warming is due 7.

" o L to human activity! |
Or More. D et s sy ae jop g oy | I ey A R arirmrs e b e re e S

1955 1965 1975 1985 1GG5 2005




- Carbon Dioxide Variations

lce-core records of

= 1 The Inc:lustr'ial Hevcﬂu-tiu::rn Has changing
e :' E. Caused A Dramatic Rise in CDE 350 Etmn,s pheric co
& 350t I. : 300 . fE
€ i 000 1800 1600 1400 1200 1000 concentrations o
:.% 200l | ,' / Year (AD) the past 400,000+
*‘5 ““‘“I"; """""""" N years
! ce Age
% osolll i s The pre-Industrial
O Revolution natural
o
Q range of CO,
9 S0t |l variability was ~190-
T R R R Bl
4
—m— Thousands of Years Ago i sad Jdll
iz 1§ la Tsa’b’e 'd5e b. Late Quaternary
T | Soviove heloy Note the striking
s | : parallel with
% N ' LGM = Last Glacial Maximum changing
——— global sea level

20 120 140

Thousands of yaars ago

http:/fen.wikipedia.org/wiki/Milankovitch_cycles
http:/fen. wikipedia.org/wiki/Sea_level rise



o
o

o Global Temperatures Jn. Global warming and
o « Annual Average »__ 5 "
< e el . rising global sea level:
5 melting ice and thermal
< .
g expansion of seawater
%—UE
= 04 - Recent Sea Level Rise lag
23 Annual Tide Gauge Records Nl
06 [ = Three Year Average 125 g
1860 1880 1900 1920 1840 1960 1580 2000 | = Satellite Altimetry 'IED;
hitp:fen.wikipedia.orgwiki/Global _warming | 1 Sg
Q
! Is §
A small rise in sea level AR TR 28, oo 0 3
translates into a much [ 15

greater inundation of the 1880 1900 1920 1940 1960 1980 2000
cCO ast | http:fen.wikipedia.org/wiki/'Sea_level_rise

e N S R R N =
- _..ﬂ_“:._-ﬂ“--_.-*“h-—_.-h__.-u.__.nh____.n.__;._"'“—'.,




Rising sea level: Cape Hatteras, North Carolina




Sea Ilce Thickness (10-year average)

1950's
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httpten.wikipedia.orgiwiki'Global _warming

| Average Glacier Thickness Change

{CITYT)

i [ 1 i
[ =T 1 IR - S % N
L i I i I

IT,EI”
-

!T T
I] ]IT-:'{'-
¥ LA

L
A

| Rl

T

Cumulative Mean Thickness Change

imeters)

I
1

l

|
1

1960 1965 1970 1975 1980 1985 1990 15995 2000

- 30

- =30

-6()

- =90

--120

Gresnland lce Sheet Mal 1992 o 2002

httprweaer ec.go.calBEnviredinedimages/|ssuad 8imeld_a_|gf

» Greenland and West Antarctic ice
sheets are shrinking (= 13+ m/40+ ft.
of eustatic sea level rise)

» Alpine glaciers are shrinking
around the world.

» Arctic seasonal sea ice is shrinking.

» Sea level is rising due to the melting
of ice and warming of the surface
ocean.

hitpVen. wikipedia . orgiwiki'File:Glacier_Mass_Balanca.png



* CO, is corrosive to the shells and
Rising CO, is skeletons of many marine organisms
changing the
chemistry of the

ocean (including

the lowering of
ocean pH)

A EoL

Rising atmospheric CO; is changing the chemistry of the ocean hitp:/fwww.pmel.noaa.gov/co2/OAIOAT jpg
CO, + H,O = H,CO; =
HCO;- + H' @ CO3* + H* Ocean acidification
has also happened in
the past during times
. e /(. of greenhouse (warm)

15520 soenarie

X - climates!




JOIDES Resolution fast facts

Drill in water depths up to 27,000 feet

R «Total drill length 30,000 feet
Derrick ?E _ e
147 feet tal I ~I,! *At sea without re-provisioning: 75 days
R T e h"'-f - 50 Scientists and technicians
e~ — 1‘_““'5*;;-" ¢¢ 65 Crew members

470 feet long
=1.5 football

fields
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Global climate
change over the
Cenozoic Era (past

- 65 million years) has

been both gradual
and abrupt.

* The recognition of abrupt
climate change on time
scales of millennia to
centuries is one of the
most important discoveries
of scientific ocean drilling
over the past 20 years.

* The Paleocene-Eocene
Thermal Maximum (PETM,
~55 Ma) and Eocene-
Oligocene Qi1 Event
(~33.7 Ma) are examples of

e — ke e ARFUPE Warming and

cooling events,

0 A le 27 APRIL 2001 VOL 202 SCIENCE  www.sciencemag.org rEEpEEtWEW
IR e SR |
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Vostok (Antarctica) Ice Core Data
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Last 4 glacial cycles of

the past 400,000 years:

* Gradual build-up of large
ice-sheets in the Northern
Hemisphere; rapid/abrupt
warming (“terminations”)

* Distinctive “saw-tooth”
pattern

+ Last interglacial ~130 kyr, Last
Glacial Maximum (LGM) ~20
Kyr

http:ffen.wikipedia.org/wiki/Greenhouse_gas
From Petit J.R. et al., (1999), Nature, 399: 429-436.

Deep Sea Stable Isntnpe Data

100 }\yr :yde

I‘M

Maif i1 Wl ﬂ"J| l.f I
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R = awarm N

Five Million Years of
Climate Change
From Sediment Cores

:1 5
Millions of Years Ago

4.5

Last 5.5 Ma:

« Warm ~5.5-2.7 Ma

« Cooling and 41 kyr
« glacial cycles ~2.7-0.8
" Ma
" *» Very large ice-sheets
" and 100 kyr glacial
~cycles ~0.8-0.2 Ma

5 23 http:fen.wikipedia.orgiwiki/lce age

From Lisiecki and Raymo (2005), Paleoceanography, 20.



Site 1218
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Lowermost Oligocene
nannofossil ooze

Uppermoast Eocene
radiolarian ooze
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16H-17H

Hola B
<H Hu:nal:

sy
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Sitg 1220
10.2°N, 142,799

5

jstm

Hale A
TH-EH

218 m

Hola B

4

Heda C
2H-3H

http2rweaner-odp tamu . edu/publications/189_IRfchap 01/21_H11.himsE39014

This rapid change in deep sea carbonate

Oi1 event in the

equatorial Pacific,
ODP Leg 199

Sie 1217
1G9, 138.1°W
M m

Composite digital
images of cores taken
across the
Eocene/Oligocene
boundary (~33.7 Ma)
using the shipboard
GEOTEK digital
imaging system. At
Site 1218 (shallowest
site), it is clear that
the Eocene-
» s Oligocene carbonate
transition occurs as a
two-step shift.

Haole A
IH-H

Is associated with the rapid glaciation of
Antarctica (first large ice sheets).



Site 1263

2017 m v duots _ Walvis Ridge, southeast Atlantic
s wws  ODP Leg 208 depth transect
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PETM (55 Ma): abrupt warming of 5-6°C (<10,000 years) and carbonate
dissolution in the deep sea (ocean acidification); recovery 180-250 kyr.

Note: the rate of warming (0.5°C per 100 years) is very
similar to the modern rate of global warming!



PETM in the | |
northwest
Pacific (transect

of sites down
Shatsky Rise)

Note: Stable isotopes of carbon (81°C) are &
good proxy for the global carbon cycle.
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Benthic foram isotope records
across the P/E boundary from
multiple deep sea sites (Zachos et
al., 2001). The Paleocene-
Eocene Thermal Maximum is
characterized by an rapid 5-6°C
warming of the deep sea and
polar seas. This event was likely
triggered by the rapid release of
bacterially generated methane in
marine and terrestrial deposits
associated with a longer-term
interval of global warming.

This is an excellent example
of the ocean-climate system
being pushed to a critical
‘threshold’ resulting in
abrupt climate change.

httpweawne-odp tamu . edu/publicationa/188_IRfchap 01/e1_§i53_htmsE F3503
http2fwesns-odp tamu. edu/publications/208_IRfchap_ 01/e1_§7. hitm#s1000493



‘Wake Up!

T L
T e

E

i

Will we accept the lessons of our recent
geologic past? The record is clear: polar
regions are the most sensitive to
greenhouse forcing. At what point will we
aggressively act to slow global warming?

There are many compelling
records of rapid climate
change preserved in ocean
and lake sediments, fossil
shells, ice cores, tree rings,
corals, and speleothems.

All of these diverse proxy
data (indirect evidence)
clearly demonstrate that our
ocean-climate system can
respond very abruptly to
various climate forcings,
including greenhouse gases.
Will the current pace of
human activity trigger a
“threshold event” that
forces our climate into a
new state? It's happened
before and is very likely to
happen again.
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Dr. Mark Leckie

Department of Geosciences
University of Massachusetts
at Amherst

*Oceanography

*Field Geology
*Micropaleontology
*Paleoceanography
*Biostratigraphy
*Paleoclimatology and

Research on tectonics and climate




Reading the Environment... Pages from the Past










A Graphic from Dr. Leckie Introducing New Vocabulary

Temperature ( C)
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L 1 1
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nutrient-poor
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Cutting the Core into Workable Lengths (1.5 meter)




Learning to Interpret Sediment Cores from the Deep Ocean




Building the Graphic Representation by Sharing Data
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Group Chart: Each student shared their section of data with the class.



. World Population: 1950-2050
9 o]
_ 8 _—esiin|  Pgst and future
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= 7 Billion 0 ;
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S 5 Billion : : ;
§ 4 | i growth is churrlng In
£ o 200on the developing world
; ) http:fiwww.census.govipciwww/img/worldpop. gif

Year

Source: L5, Census Buraaw, Intemational Data Base, A

What is the
human carrying
capacity of our
planet?

World population, billions
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Temperature Anomaly ("0
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Global Warming Projections
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Atmospheric Carbon Dioxidle Concentration
and Temperature Change

TE

Where will it peak?

Talking points:

1. Global temperatures track pCO,
through glacial-interglacial cycles.

2. The natural range of pCO, variability
1s ~190-290 ppm.

3. Atmospheric pCO, has been steadily
rising since the onset of the industrial
revolution in the mid-1800’s.

4. We have greatly exceeded the natural
range of pCO, variability; human

activity has unequivocally altered the
composition of our atmosphere.

When will we ‘get it’? What is the threshold
for global action? Catastrophic collapse of the
o Greenland and/or W. Antarctic ice sheet?




East Antarctica

Take a good look: Antarctica
represents 60+ m (200 ft.) of
global sea level rise.




The Greenhouse Effect and Global Warming

Greenhouse gas
absorption: 350

Heat and energy
in the atmosphere

' <- I .
0 The
1 Greenhouse

168 324

hd vlﬁ s E-fﬁic;- -

Earth's land and ocean surface
warmed to an average of 14°C

- e m

http://en.wikipedia.org/wiki/File: Greenhouse_Effect.svg



The CARE Network

* CARE E-Mail List / Discussion Forum:
care@list.polartrec.com

* CARE Meeting Archives: www.polartrec.com/
care/webinar-archives

* CARE Seminars

* CARE Member Directory

Numerous polar educators at your fingertips!




Keep your info up to date!

Baring Ecosystem Study: Spring Plankton and
Changing lce Cover

Sirnones Wislch cant magine lving life without science, Growing up with a fathar who was a coral reaf
ecoiogsl she had riveled o many slands and coasts whils he conductisd his resaanch. Afar graduating
from Gecrpe Washinglon Unksersity with a bachalor's degres in journalism, Ms. Welch worked in journalism
for Natonal Public Rado and Natonal Gaographic. After retuming 1o school for 8 masiar's degres in
education, Ms. Weich taught for the Peace Corps in West Africa befone bascoming an elemantary school
mmlnﬂuw Elementary In Washingion, D.C. Sha hopes that her studants keave har

most of all, raveling. She hopes io someday become a limnalogisd, but 1o never siop teaching.

Recent Posts:
Type
Lesson Plankton Farents niw
Lesson Puifin Patral new
Forum opic  Wieew!
Forum iope  Where did the time go?
Journal ety Washington, D.C. June 10, 2009




Thank You

 Join us for upcoming events!
* Join the Polar Education List
 Join the CARE Network

O e

www.polartrec.com
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