T EEITn

il The smppc
cembines Eho 4
af cnntinenis anid the

Eiril's vegotation

THE SEA tROM SPACE

hen astronauts frst must be global, not bocal [}ara collected over the az msch az they can abowt
elled JlEe- I"||.'\....I|:-|!||a.||'.|.I'. have lasy ewenry yvears indicares how the ocean atfects cli

im the early 19608 Iwavs viewed rhe world rhar the earth’s climage mas reate. Studyvamge rthe sea Froam

thaey seni bhack |-|'.:|:|-_;|.|_| 15 (HOTEM @8 O SEnENGHE 5y be heating ujpr mayvhe space majp someday help

that showed us oor home  tem. | ey work (o under becanse of naiural tempera answer some big quescions
[RANEL 35 il really is: a b srang the effeces of this sy rure Hucria ns, 0f mavhe abawr how the warld's
rilul || ErE. teimn on the planer as a ben ol the relcse o - T v 5
whole. They kmow, For bon dinxide inco the anm | his issiee, Chmar o
-\.'-\.I|II|I|. thiat the scean pnere ca ised by hamar will take vao to rhe
TR renrt ivitles, such as driving You'll fnd i B s
. r.|-|._l||.|_u|I . '.|._I|I|.'-\. useE pciare=s

to problems on the earth Ie. Scientises need o know EIBCE [ sp the Big 1Mo




How can such

tiny plants cover so
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much territory?

Haldi Gorsdl with cufludes of phyleplankion.

“ ||:; \.Il.ll:ll:lF |u|-
terns hit vouw.”
says Heidi Sosile, a

WHOE :uE-.:I-.:l_-..-.r. She's malk-
ing ahoue the imagcs shie
studies that were made by a
sensor called CHCS {shor for
Cooastal Zone Color Scan-
merl. Fram 1979 o 190G, i
circled the globe, sending
home never-hefore seen pic
TrEs O ill'l'.ll:nd_,‘ll.ll'll\.!nl' l_'|||l'h-
ing on the s surface, Saon-
tists are still working o
I'.III\.‘Il.'r'\.IJ.IIlLl thiess i|'|1.I|_l||."\..

"You cdn go out |5
months on a ship and cruise
around, bur you just donn

el than Il\.'l'-:' i Iaee, Eiys

Heidi. “The images teally

give a different pemspecnve of

the system as a whale.”

Heidi smudies the life of
TR TOSC, aie-celbed drili-
ing plants called phytoplank
ton thar are the basis of the
"'."|'||':.

jic tood chain

\.ul"'].
the ecosystem,” says Heids,
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“If you're inberested in food
production, or how much

foad is available for fish o

whales or even praple, you
need to know something
showt what contrals the pro-
duction af the E:I fiks,”
Beecause these microscopix
phytoplankion ke up car
bon dsmide [CER), they also

F|-||u' cli-
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|l|.-\.l\. a male in che

imate that i a
undersinod. Knowing where,
when, and why large-scale

Blooms of these |'I.-\.|'I-. a

|,1'.|.\,|_'_ amd L|'..|l.l.|||g [TTRE.
much CO: each plant ab
sorbs will help answer .'Iill_
|__I|:"\-I.|||:'\- abour how the
carth as a whole ases S0k,
"We're trying to under
stand how the cypes of marer
jal |-|r\-|'||
act with sanlight,” cus Hadi
I'a dos chis, Heidi and her

tellow scientists work an owo

im rthe acean inrer-

scales—iehie F'::al'lil and the
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FROM MACRDO TO MICRD

i the Erganiac sCake, they
study images aken by the
Cnastal Zone Celor Scan

net, =mme of fhose Lm

=
are shimwn on these pages.
How did the CEACS make
s images? 'ure ocean wazer
.I::I'\-:'.I"l :! I':_I I'IIII' ."ll'\.l:||'|1

mateiials can ;,Illll!_'n_' i
color. Like all plants on
arth, phyroplankron co
rain the chemica
phyll, which absarbs blue
|I|"_|'|I: and reflects green light.
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Locking down on earth
fram hi.gh in JIETR rthe
CZCS sensar was much more
sensitive than the human eyve,
and could derect very subtle
variacians in n color,
cased by phoeoplankton and
other material. When the
imaﬁu were processed, their

You can

and cru|se

aon t get

calors were changed o make
the variatsons as caxy bo see as

possible.
HOPES FOR THE FUTURE

While much is learned from
these images, the system is far
fram perfecr. For one thing,

J.u:l stopped coming in

Since thar rime,
l_-|r.||1-h|,-r-. ||._|u,- |'|r|;||

-H.:l.l (1] Ihr hanch l1| a mew
color sensor called SeaWWHFS
{which zrands for Segov

Wide Field-of-view Sensor),
Anather problem s thar the
data thar was rerurned is oo

general for Heidi's nesds,

_:'::l" out Tar m
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WiEre P it was
done with the assumption
that all the phyroplankion
were the same,  she RV "It
was the only thing we could
do, basically. [t was sori of 2
Frst cur. It was crude, bur i
wits also evmremely valuahle,”

onths on a ship

1d, DUt you

She bas learned through
her own research thar indi-
vidual phyroplankson pro-

=5n 00 an 'r,lr'l.'i|'||_: F e
vhich are much too subile
for a distane sacellite o re
card, Ta answer the ques-
tons that drive her reseanch,
she works wich WHOI sci
encists Roherr Oleon and
Abexander Ch
Ways 1D meas
ismn’s rare of

plant s light from the
B, LD =:|1|3 WaREr InEo
food for feelf).

Heidi looks forwaed o
reaching :hl umnce r!ldII-JIHL.
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roches
shot tnto the skv from a
launch pad in Kaurou,
b Ciuiana. Called che

i Adagiase, 1992, 3

Ariane Expendable Launch
Wehicle, provided by Franee
AI'H.I I\I-II: I":u [da]- .:'Il.rlll'|l..|!|
Ece l|E::'II.-. it Hew ugp

the alticude of 1.336 km

5 a lattle more than
the dismnce berween Chica
B and Mew York Ciryl

| v [

There, Artane deploved
satellive, built by the Uniced
i and France, thar s

s rhee waw we look ar

|||:' R

Called TOPEX Fascidos
it has sent back millions
the he

ESASIUrEmMenns o B
al the sea surface. amd G-
r|_||.' LM CITEIES LD ‘-I-l':'ll I

nfermarion ar a EancasTic
rate as it cireles the Earil
EVELY 112 minuces. The st
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Ku-cnl\.;'ll_r' how che acean
circulates 15 1mportant o
understanding the interac-
rion berwesn the armosphere

ing that interaction is impor-
tant 1o studying changes in
thie eamh's climare.

TOPFEX, POSEIDON'S TOODL

The sarellite uses a device
*dd & radar alcimerer oo
I_1l_'j_l|'\- 3 l\.||__l| | divwers to the sex
surface. The altimeter me-
sures the amount of tme the
hesm rakes to reach che sur
hace .|||-\.| FELLIFN hsck o che
saellive. [t can then caloubase
the distance berween
angd thie sea. The alrimeer s
1|r|r|.l1|'!_:|:| SCLiFare I3 mea-
surements are within three
centimerers (thar's abour the
SAITHS ErRAC O I|||_' fiirst illil'll 1]
your thumb).

|50 3

By kenowing the height of

rhe s=3 surface ar different
ponts, |'|.'H. _:ll'\r\-\.,;l'llr I “.FI'.T'.'
out the paths of acean cur-
rents. Soudying these paths
miakes it possible o under-

stand, better than ever before,
haw the ocean circulates.

TOPEX! Paseidon also
keeps a ve
of the mte of sea level rise,
which is another crmcl piece
of informarion o chase study
g gklhﬂ '.H'.I_Illlil"ll_l.. AR WATer
grows warmer, it expands,
Warmer water also melts
E'I.;,.; wers A in-hq.-rgx

sccpirare recard

EVERY PICTURE

TELLS A STORY

WHO physical oceanogra
'|:.!||_'r "'.1||-|-¢ Careso stams his
day by scanning the larest
images sent back by TO-
PEX/Toseidon and |:-|:|1L'r
satelliees,

“We've moenily comglevand
how hieat 15 mans
|'|.|||1,1_| i|| I|'H: CEERT amid herar
it moves from the surface 10
the air in the Gulf Stream
rl_'gr;uul.- I\..I:\.-'\. ".'l'uL.. '\-l'\lr.'lkil'lg il
wnrk |_|_|||||:-|d:l_|_'|:| with cal-
leagues Kathryn Ann Kelly
and Sandipa Singh. “That's
really impormant for under
'q;":-dl ng |,,|-.I| inlE |'|1.'|I'||_-_':' 5

Schentists don't vet under-
stand the interaction of the
.|||'n-:n|'\-|'.|'rr and the ocean.

5 srudy |:-'..

rl.11ki_' Creabed |_|||||J|l\.||'|.'| |'\II||-
grams, called models, to
srudy these relationships.
Bedore TOPEX Taseidon,
maost of the d: i
mshers worked with were col-
lecred by researchers on
sh s “Thers were 2 lor of
bulk estimates made,”™ says
Mike. *Uncil recently, we
Ipaven 't had rhe vasr ampun:
il |_‘|;|_|.J WE |'.;1:|_‘||_'\-q_| LIE] do rhis,
We're staming to build thas
up. And there are future
L+ ;,'||i|-_'|- |:‘|:|I fare gllil‘lll ro e
used, =0 we wall lave a long
conminuaus nme sequence of
this dama.” (e pape il
Collecting dara over a
bong period of tme s a neces-
sary pam of this proces. “In

= amd

Skies Watch Sea Leyel, Rise

the two years TOPESS
seadon has beon up, we ve
seen abaour a millimerer per
VS
Mlike. “That's mothing 1o g
worried about, because it
could be a narural Huctua
r_i-:rr. = '|'|':||'~ the kind -\:III
informarion satellives will
help deliver, because they
wend back data an a global
l;.l..hlll.' With chis rl.'l'll' al
warkd-wide information, sc-
entisis can make predictions
with mare cerrainry.

"Waiu can laak ac Illiﬂf;'i
like this millomeier s level
rise and start to Jm|:..'-.'
whar's really happening.”
savs Mike, "We can make
measurements on scales
we've never been able wo
'hl.-\.lrll v.'||| h,-rl'\-l'r -

ViEsll Of &5 bevel rise.

INSTANT DATA
Whar has really challenged
H|Ll_ :|r||_‘| ||[|'.:'r SCIETEIRTS 5
the experience of tryving o
laszo this vast amount of
infnmarion, and o use it o
IIIULf |,'|i|||||r-. thian [Il\.'ul'lll.'
can q.'u:'-l:-' understand, The
computer images on these
pages were the result of
crGrmous efiarte an thie
parts of many poaple,

Mike lools forsard w the
|_‘|..l\. when LEHTILET II'||:q.||.'|:-
wll b -||||l.-.'|_'rr||| £

'{I-\.Il_l||'l [E1]
create wsable images on theis
own. Then, the scienmists’
foscuis willl be able o hift o
Irying o |||1|J|_'r'\.l il what
the pictwres mean. “All we'll
have o do iz sic ||'-'r;' Jﬂd
comc up with ideas ahaur
how global change s ocous-
ring,” says Mike.

H-: |||;-|L|_'-. ir soiund :uil'ﬂ[lll.‘.
but it's not. Even so. being
freed up oo wse their imagl-
narions o understand com-
|||i;|; prrocEscE -q,.ll,.|||‘| lead sci-
entists in the futisre g0 many

new discoveries, @




The Symbionts

Eight-foot tall tube worms. Jumbo clams, with shells the size of dinner plates,
How did th iey grow so big? By making a home for bacteria

ESIDE A HYDROTHERMAL
B'L'-:m. deep down on the ocean

floor where the sun never shines, a
Lall white tube worm., one of a forest al
Vestimenrifens, waves its red head. Is il
cating? Yes, and no, This worm
doesn’i cat like other animals. 1t has
nd mouih, nol gul, no anus. Says
WHLI 'I'\-i||I|1|:_l;i'\.I Flnu_u:;'r Jannasch. *T
has given up cating aliogether,™ It
mourishes itsell by taking in hydrogen
sulfide gas from the hydrothermal
vent Huasd thit passes up from a crack
in the sea floor and mixes with oxygen
from the surrounding seawater.
Through a series of capillaries (very
sl blood vessels), both Easey fravel
to the inside of the worm, where a
colony of bacteria live., The worm
actually eats the bactena that 1 leads,

Vet clams are very big - abosrt ten
times a8 big a8 clams we aal,

If the worm has no mouth, how do the
bacteria get inside? Nobody knew the
answer to this question for a long time.
Then, in 1985 a zoologist named
Meredath Jomes from the Smthsaonian
Institution found a microscopic open-
ing in a baby tube worm, which was
itself no bigger than the white at the
tp of your lngernadl, Meredith said
that the opening was “a single snout-
like structure that appears to sort of
sauffle wp bacteria.” 1t choses up as the
anmmal gets bigger,

Another vent creature that makes a
home for bacteria is the giant clam
called magnifica. This clam feeds the

i' bacterin that lve inside it by taking n

45 hydrothermal fluid through its foot,

. g which it sticks directly into a erack on
the sea oo,

§ Tube worms and other creatures lhving

= im @ chisier naar ydrothermal venis.
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Wandy Lowrenss. aptrondsst
mnd neuanographm.

] ﬁlu.-\.r Shurtle aszro

ity cifche the |;.|-l|'r='.
most of them Ffnd
other things o do than look
oLt |||»: willdllu ||I||i||!'_l' |||I":!:
intervals aver the oosan, Mo
Wendy Lawrence, who
q,';|.-||-q,':\_| H] MAasrer s I.Il.'grl.'l.' in
OCEIN engineering in & pao-
gram run by WHOI and
MIT. She kepr her tace
!l.'\._-\.-\.;'\q] o the window dar
IO, OsOEn |'|:|'-::'.~.,'r'\.. i1 '.|,||Iﬂ:
!.Ir. EI'II:" rI.'J.'I-II'II.' ENE SOMmMETInTesTs
gor from her Fellow astra
(LTI whnsm shie |'\'|:-|I'.I'. e
“weere all astromornmers!
]Jughs Wendy, “I'd tell
them, “I've srudied woeanog
r,|,|'\-||:| | kind of like locking
&T EI'II.' TEANET. -I..I'IL' |""|!'||.'r!l ‘-J.;Li
thev'd racher look ar the din
The diey is mee colorful.”

What ¥l fE ahle o see
about the ocean Fom spice @
really amazing,” says Wendy
By studying the way the sun
reflected off the warer,
Wendy found she was able 1w
oheerve acean circulaton. 1
|.‘||'||I|.I W fL1I1iI"¢. snel incermal
wave patterns from space,”

She abso liked looking at
;||n||l_-;\-\..'||||4.- CRIFTERTE anil sedi
menk |“||'\-\.||_'r if river delras,
“There are some very bmpres-
sive river delmas off India,”
BIYy ":l:-'l_'u-_h “T lesaked ar che
rurndf into the sca off Mada-
gascar. | could see so much of

the sail being washied our mom
the g1, You can really e how
|_||-_' el |_'||i.-| 1% Qs r|.u|-.|:-ur|
into the open oosn.”
Looking ar the sea from
space helped Wendy develop
1l|.'||;|| I|.|||_' e relers o &5 &n
||I- i b

“Imrwithve nsig
the ocean circulates. “You
can really see it happening,

-\.|'|1_- EAVE "';III_' has shared
many of her seean pho-
rographs with scientises who
afe inceresred '|'| hesr PEFSpEC
10 who has

tive a8 an asi
studied the oo

UP, UF AND AWAY
Wendy says she

Il newer hor-
get whae e Felt like wo be
shaken by the blast of the
l.-_|||-_| FocEC] Eoosrers rhat
shot her inea space. “The
ride up was specracular. You
l.'ll,'l'.l'ill'|:. Ervivar vl e gaing
fasr,”

someplace and g
she says. “The vibration s
incredible. You don't hear
:|||'\.r|'|i||‘._l|I o teel the accel

q_'r;||:i.||'\._ || 4 ||L|_ |'||'\-!:‘|;|'|; ['ve
been through before. Eight
million pounds of thrust is
af |||'|..r:IIF risle |Ir||'|||.|I

The only problem with
that phase of the flight was
“it's not lang rn-':'.l:;:h le's
-:|'||_|.' 5.5 mi I-Il:'\-\. trmm rake
off eo orbat.”

Wendy also likes to think
back an '.'||.-.-n|_l_ in orbit,
“I_‘i:__:lllll"ﬁ. "||||||w.il'||_1 paur che

“'||||.I|_IW [ i |:-cw|. |||_'J||I:i|'.||
this earth is."”

Perhaps strongest of all
are her e i COEm-
ing back to Earth: “Losking
our the window over the
ar Mlach 20, 250000
Feer up. realizing lhow nceed-
ihly fast we were mavelling. |
will mever I'n.-rg-:-r thar. The
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Pacifix

l_Il’I'.lq,I'H. Wi l-'-"""l-'- b tasrer
than | could fecus on them.”
Dpes ¥Wendy feel like the

l_"\-\.l,ll_'lii.'lll.l.' in Al L:I.1nll_l!L‘|

ENDEAYOU

focr 2% 2 [T P l|:||.' ash if
I find myself leoking up at
the nighr sky, thinking ['we
been up ahove che earth. clos-
[ A ] the srars. [ di, Parmcu
larhy when 1 warch the news

now. | hear aboue countrie:

in Africa or South Americ or
Indanesia, | find myself sop-
paig anid I|'.i||L'\.II¥_. 'I've seen
o :\.I:Il."'ll:i III-II'i '||:.I:'f. I.l.li'
never been there, but I've
seen i Ic's a, really great

feelime,”

Sodiment moved by wind and weter crestes o colorfel soene ol
Dlaappainisent Resch, Australls [fop]. Sun-glim reflacts on sur
face cdls to show & curmesl i the Andaman Falsssds (batiom].




