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0 1513, the ﬂep|nn=l' Juam

Panee de Leon command-

ed a voyage of three ships,
sailing narch from Puerto
Rico to Florida, and then
south o the Tomupgas islinds,
The ships met a current &
stiff thar they could barely
sail a.g;]iﬂ-!-r ir. The ﬂ:pln-.re-:r:
didn'e krew it then, bur they
had discovered the mighiy
Gulf Seream. This fast-mov-
ing band of water runs up the
cast coast of the Uniced
Srares and Canada. It acts as
a harrier herween the warm
water of the Sargaso Sen, an
wval arca mear the center of
the North Atdantic, and cool-

&r warer an the inshore side.

THAMK YO, MR, FHANRKLIN
Az Morth America was
ﬁplnrcd and zetcled, che
Gulf Stream continued
interest many people, includ-
ing Benjamin Franklin, Dr-
ing his eight round-trips
across the ocean, he
smudied it closcly,

In 1769, he
asked his cousin,
Temoahy Folger, a Man-
micker whaleman, o skerch
the Stream's path. The
sketch resulted in the map
shove, the oldest known pic-
rure of the Srream.

Ben's descendents inherir-
ed his interest. In 17H, a
grandnephew, Jonathan
Williams, found “whirpoals”
af warm water to the norh-
west of the Stream. These
“whirlpools,” now called
eddics, or fings, are srill sud-
ied mday.

Ben's great- Era:n.d:u s
A.D. Bache, surveyed the
U5, coastal waters in the
| 840z, He choughe there
|ni3|'|r he a “ocounter-current
af cold warer Fromy the Pole

below the warm current
From the Equsror.” The idea
was dismissed ar the rime.
Bur more than ome hundred
VEars larer, YWHOI ph].'si.ﬂ]
coeanographer Henry Soom.
mel suggested the kdea again.
Experiments proved both
Bache and Stommel were
COrPey,

HOM 00 YOU STUDY
MOVING WATER?
The Gulf Srream has been
studied closely ar WH
since the Institution was
founded in 1930, In recent
vears, WHOI physical
peeanographers Phil Rich-
ardson, ].:.n]' Pratt, and Mel-
son Hogg have been among
iy scienrists incerssted in
the Stream.,

These days, Phil Richard-
son misthy soudses the Trop-
ical Axlanric, T

he studied the Gulf Stream
For many years, In 1978, he
found the 176% Franklin-
Folger charr, long believed
leest. Larer, Phil soudied many
1 9th-cemury pilor chares
published by the LIS, Mavy,
He used the chams mo plog
the wanderings af derelices
— which are =|Ii|f'l*~ aban-
doned at sen — through the
Gulf Stream, By cracing a
derelict’s path, says hil,
“you cowld put togethser & lir-

e .!.rnr:.-.' Cne ship N parmc-
ular, the Fanrie £, Walior,
was tracked continually Fod
rhres FEars as it made its slow
way afound che Marrh
Adlanis: Subtropical Gyre,

WATCHING THE RINGE 0
ROLUME AND BOLND

il seill ks many questions
abour the Stream. He won-
ders: “Where is the water
going? Where did it come
from? How much is in flow-
ing" But the question thar
has occupied him most over
the YEAFs is: “How much
does it change!”

As the Stream travels, i
meanders back and forth,
like a river, Ir changes. When
ity sides come together, they

inch off inee eddies. oF
rings, If the Stream loops to
the south, carryving cold
inshore water, it farms 2 colbd
care ring. IF the

T Guif Siream is parl f & much larfer sysism calles
‘tha Morth Atiantic Sebiropkeal Oyra, shown hare In & very
slmplified diagram. The gyra moves in a clechwise eurved
path, This is partly dus 1o the Cosielis Effect, = v of
physics which says that the edarth's Folalbon affects the
movassent of objesis on fs surface, At the Equatos, the
sarth robates ol & spoed of 1584 kph, At the poles, the
warth rofatos of 0 kph, Walss meving balwesn the Equs-
to¢ and ibe Kol Pols sesme bn mows in n clochwise
curved path, 1o compansato for thass differing spessds.
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Stream loops ra the norch, i
carries warm waner from the
Sargasso Sea, and forms a
warin con Hng.

THE GULF STREAM

AND CLIMATE

Larry Pratt wonders abows
the effects of the ocean an
climare. “The warer in the
oeean is heaved up in the
tropics by the sun. [& gees
cransparted norrh, and keeps
smee of the noshern negsons
warimer than they would be if
there were no oceans. The
Gulf Stream: helps this hap-
pem, in ways that we are try-
ing 1o underszand berver.”

Ax the Srream meanders.
eddies af warm Safgisso Sca
water spin across the Stream’s
axizs and mix wirth cool
il1:-\.'|'||'|r|_' WALET, [l'n||-:|r|_' WICT
als sping in eddies across the
axis to the f';.:rﬁ.a.s.m LT
Larry wonders how eddies
form and detach from the
Gulf Stream.

‘H-’nr]-:inll with scienrist

D%
=X
IME?&EEH:

Pever Cornillon amd cahers at
the University of Rhode
[sland. Larry created some
theories on the formarion of
eddies, Perer had been
stuclying satellie dam (simi
lar to the map shown above)
when he narticed a “warm
aurhieak” — an crupton of
warm Ciulf Stream warer inm
the "urgﬂssn Seq,

Usually cold, not warm
rings are observed there.
Peter asked Larmy if he could
CONTE U with & |h¢-:.qr' shaier
how sisch a warm outbreak
fusrrms.

Many unmpln.':-: EOUATHING
|:'|rrr. [Jrl!.' |]||_|uE||1 |'||_' F|;||l il
possible explanaton. “l came
up with a theery which
h‘IES.l.‘I'i}I-ﬁ'.I how an {"b,llj'r GaF A
blob of Muid, can detach
from the Gulf Stream wich
aut trapping any of che cold
ﬂllit| in the nofth,” L:lrr__r
sy " This can oocur when a
sudden widening of the Gulf
Srream forma, which we call

an aneurism. The bulging
cdt!'{" uf the Sreeam breaks
away 1o torm a ring-shape

cddy.”

A HEAD FLILL OF IDEAS
Melson Hoge wondors about
the Gulf Stream's recircula-
nons. “Why dees the Sream
meove!” e says. "Wy does it
mscander? Are those meanders
important in making che
Arream recirculage®”

The complicated answers
b these limp]c-suunding
questions lie m whar Melson
calls ghe ".—m'lrif'l"_l.' I_|II.".|utIII_'F
warmner water that bes o the
south of the Guolf Stream.
“It's chuar insuh-ilil:. thar caies-
e rhe MOvEmEene 2 Ni_-h.qlu
belicves that the Stream
works hard o get rid of the
-|‘|i|"|:|‘."r|.'l1|.'|.'.\ hl_'lmcl;ﬂ 1h|_' WL
and the wold warer. “It's pant
of the ocean's sysrem for
equealizing isef.” he says,

T ary v anwer his ques-
tions, he's set up an aray of

about 40 current meters,
which measure che velociny
af warer. “The curremt
meters send back a set of
wigply lines,” says Melson,
The lines show changes in
the Seresm s cusrent &1 thioss
fiwed lowcanions,

When he gers the dara,
Melsan's mughest job begins,
Thar's when he savs 1o him-
sclf: "What does all chis
mean?”

To inrrrprrr the dara,
Hl_‘lhﬁl’l MOaves tlclwcl_'u
chicrvations and theories.
He thinks hard. He rries
form conclusions, In chis, he
siys he's lke many physical
aceanographers. "We all
walk around with these pic-
TEITER im LT r|||1||].l-_ L-lur
intuition grows from cthe
dara. In the end, you're car-
I'!.'illg aroiasd voir vision af
b the ooean works,”

From these wisions,
oceanngraphers form  ques-
ricns, They wst their deas,
o seg if the ooean agrees witch

their visions.
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TRACERS

TELL THE
TALE:

Or, How Do You Know Where

Sea Water Goes?
By Tom Gidwitz

o discover how some

BCEANGE

the vcean, stir a pliss of
water, then tap a few drops

o hovesad l\.lllllri:'||l_ i in. The

'.'JI'IIl'I'h 'h:lll-:'h

L |:i||ﬁ :I'.l' |'.|" "'Ill\.l\'. faial}
cddies and currents that wier
imvisible betore. The

B M I|I'||__' s & TR

reveiling the af the cur-

renss in which it traveds.

rraplsere e [Rcers fo s

the slow up-and-down mix
ing af ocean

thie tracers they use aocun
|'_|'_|_|r;|||:. m I||.,, ] Oihy-
ers are placed in the ocean in
mimure amaunts. By keeping
rrack of thie rracers’ |:'l...‘|'\.. the
iFUELIMOER Crs Car Il.'-lI I

III\.I'-" QUECKLY I'-I.J'-. MLIETICTIES

gnd dissodvad marerials move
Iram oie occan laver fo
another, Knowing the rates
|'\l|. [NEEE MOVEMEnTS |'.|.'.|'\l'\-
the scienrisrs soudy marine
life and make |=|-_'|_':._:i:'|"-
JI'\"'\ILI: '.III.' -\.;r||'| 5 CANMmMANE.
Fead an o |-|I'.| o how raa
acienrists amd rheir col-
leagues wse tracers to bearn
micre abour the ocean’s end
lets movement

5T TRALERS

five vears ki, '||F||I
of the

T sifrtace
carth, a blazing freball
-tl.|'\l|-\.u.|l\.-\.| ACTTHES I|I|.' sky. I

hoiled up

III-\.

'|'|||||H|| 1he
chimidds, ristnge |_'I;..:|'| mdles b

the base of the mrarosphere,
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rer. home at

SPOWINE MHEIDICTYG [MALer 1l
into the air.
Thiz Fireball was trom 2
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L I|'I- CENTUrY, I\.I'ln'l.'rl'\- 1l

thiese blasrs were staged in
rhe Morthern Hi

LM by -product ol

s -III'II'
|

r||-.:-u reses has been a

grear soiarce ol imBor

|'||.||.i|||| 10 ERORIL |_
phers. Thar is gri

pinen, a radii

| 4]
[ritium a
ordinary hydrogen
band wich

B of hy

! WAbEr
Lhver the years, tri
vium-laden water
YAPOr Crearcis by the
|'|I|I'I=I II""-I!. II.-!. LA
densed and fallen o
earth as raim.

'I'.II III||I'I"I'II':I!
treaty banned armuos
pheric tests in the
1960:, Bur

imounts of (FILLug

5

'\-'.I” |-lll‘|' nie ThE
acean from rhe Arc
T |'||-\.|.|=__'||| '.|..|||'\-|-\. -
tive materials can I'll.'
harmitul, there 5 not
:'|Il.|u|_'|'| tritivim in the
I|,ir ||-|d WRLST B |1|,',|I
s, o Bt Bill Jemk
ims, a WHCM ge

vist. Finds that

the tritium helps him
dio hiz work., He iz
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acean water's up-and-down
T VM called wertical
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k ar the sart
¢ [ 19060 th
ILLIC EITrnam amn ||'I.'
aceans, =ays Bitl. “Im 1945
it reached a maxium, and

|I:;h.| .!I-\.:i‘lll

“If vioig i

WAl Ere, P

Wt YETY

Bill saws this man-made
rricim aces ax a tell-rale dye
He and his ream have raken
etz inads of WAl i -\..-I'I:I.:'-\.
inm the Atlancic, ana yred
them For rritiom, and rhen

& T
PLOITEE [TREE

|i||-|i||p- L]
mape= ||I.\. -.|.|.|,".-\. I
menis show how long it
rukes bor o substance in che
allll:.ﬁ\.i:.ll'll' o be mimad inm
the deep ocean, This imfor-
mation will help sciencss
eraramd the inmer-

ciian Beitween the oocs

and the air

W radioaceive elements

includir i CFICELAETL, CRESEMEE

[changes] over nme nto a
3. For thix

calbled

FEESEN, TN sz pasid

a4 kind of clock, recon

v much tme has passed

since the warer in the sam

|l||'-. s lasy :"\.|'\-||-.|'|! i the
DETAN & surkae
O che surface, the hels

wmi-% tormed by rricism
CREIDCS IR0 the |I||.::'\-_|||:'|-\:

s the surface water '\."HI'\-
and sinks, the degrading

Lum & neliirm _: becomes

1
ne L[ ggi-

|r||'|'\-.'\.| and |.|-:
lece. When Bill analyzes a
1.|I'.I|.|||.' lll. P eDan Warer,
n-4, The

Ill alch II..




arnoiint reveals how long the
warer has been sinking,

Bill can pinpoint the rims
af the warer's descent to
within rwo monrthe Once e
knows the speed of the
warer s downward circula-
ricn. hie can use it o estimace
the rares of imporan biolog-
ical and chemical processes.

Balow |s shows n compulas
Image of tha movesssnt of Eha
Ertlium Erster Sliled by Bill
Jaakine, The graphic shows e
Morth Atlantic |withoul sery
weabar|. Tha eabor in the middis
of the images s & “sectioa” of
the ocean, cutting morth-aouth
through tha badin. Oa he sac-
tigm In painted itbe dlisbrilbabion
ol trldluen, which cam ba sees
sgmwarding dowwand s south-
ward in the dosp and lilerimedE
ato deptie. The color of the
spclion meeds Trom & e ¢om-
eantration of tritium (blus) 1o &
Tl gheter Lo aerrbradion |red|.
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THE DRIFTERS

Lawfen Mullineam, a bislo-
gist at WHOT whao has spad-
ied larval transpory {rhe
Mmovement of larvae from
one place o the next} For
maore than ten years, is work-
ing on the answer. She
MTi-.wes that the larvae of
vend creanares travel o their
mew homes like microscopc
hirchhikers, rising in the
warm, chemically-charged
plumes thar shoot ap from
the hydrotlermal venms.

Like p_a.: sCAgErs on A
highway cravelling to 4 new
destination, venr larvae dis-
perse and colonize new coms-
puniies. Lauren's research
sugpests thar some of the lar-
vae colonize new venr haba
rars by driFrlrl.H_ ;.I-:mg with
battom currents unil they
reach the mewr venr sice.

Some of these migranes
srick pretey close pa hame.
Theey may locare and setthe ar
another vent sive, perhaps
only thinty merers away.

Bt same vents lie tens or
humdreds of kilvmeeters away
from any others, How de the
larvae travel there? Lawren
helicves char same of the lar-
vae of venr animals are WL
inte the plume’s warm fluids
gnd carried away, like pas

sengers on & hydrothermal
|'|u1-uir |1.I1||'md'|.

The buoyant plume rises
aboair 200 meomers above the
wed floor, Ac this bevel, the
plume spreads our, moving
with the horizenmal warer
currents it meets there, Sci-
civrific spudies shiow that rhe
larvae rise fram che seafloor
o the level ol the spreading
pl-.lnl.e within a few hours.

DROP-OUTS

How l'r|.|.|.-'_|'| e di r||.c lar
vae :p:nﬂ |r:|t'|.'|||1|5 4.|¢'II1[L
the spreading plume “high-
way™? The answer depends
in-F-.:n: on how I-:|||.|__l| rhey
liwe. Leauren anmd other
researchen work o disconver
how far the larvae cam cravel
amd srill survive. They wan-
der whar clues alert chese
|l|_'c|:|-:||_';| travelers thar a

Favorahle venr sice bies below
them. Whar prompts them
o drop cut of the plime o
semle am chie seafloo?

WHO'S WHO?

"|-‘|.I|'|'I. qul_"\.‘;“l‘l\ .II‘.Il‘lIJI:
hydrothermal larval trans-
port remain wnanswered,
E'.'._'r. !-'F" rng E1 1Y 'H'h'\.'lla Wl‘ll!l
in the lapval porridge is diffi
ciilr, “ldentifying went larvae
is like a game of miz and
match,” says Sracy khim,
WHOI graduate student.
“We know what the aduls
animals look like, bur the
larvae are ofien wnrecogmmz-
ahle variations of ehe aculr.”
To look closely at these
minke Creanines, researchers
use & very powerlul tech-
nigue called scanning elec-
iman |r|||..l-:l'\-\.l.'|l|'l'_|'. whil.'l'l I|IL‘_|
call SE&.

RVAL HIGHWAY

TAG. YOU'RE IT)
Lavigem amd her |.'|.'p||l.'ugl.|n
want to kinvw how the larae
of venr animals colonize new
habizars, and how often, and
whien, and where |:|1c:.' do &0,
Howw willl they ger this proof?
“We'll use genetic rags, says
Lauren. *They may be siseful
fiar Lq-1|in|__l| where larvar came
from.” She helieves that
soame vent animals may have
A genetic code [the specibic
wiay in which the DMA in
thieir cells i |:I'§.Ini'.|'|.'-|l| that 1=
as diestinctive as a fingerprine.
Lauren RS that leil'lg
pechmiques char distinguish
the larvacs' genetic codes
may provide angwers o
which venr mites the anmaals
originate from, and where
they travel o — a series of
different sddresses ;Inu; the

-;1._'|_'|,1-'u:| 1.| rval I'llgi'l'-'\l-.:lh
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“A JOURNEY ALONG
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#i ,.] vent sits,
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THE LARVAL HIGHWAY

|1} Cold ssawnter percolibes gown through cracks s the mehy
saafloor and ia heated by ol solten rock benaath the sarth's
crusd. Tha heeted sesmatnr s changed indo & chemecally-rich

=
{

{3} The ot faid [150°C| gushes up Ueosgh cecks in the seafioor
) nﬂmmhhﬂ,m%h—h
"] Tuid mt thes varls crosts stacka, callsd chimpoys. of Biach amok-
1 ars. Colonbes of vesd croalures arise sear the smokrs.

1% ¥ant Puld rushes up and cuwl of tee wmakors, craating plumes.
‘o Lnrvmes of i viit Snimals ars ifed by e vent plames.

| S|4} Ths bervas ries mp, i, &6l away, sbout fwe hundred metes I
F 2 Freen bha seafloss. BE that isvel tbe plumbs sgresds out and miaes
" 1 with horirostally-meving currests.

(5 Dnos the lerves resch this kv, they may drift for lees of
hibomutars bafora sattling to the botbom again. hopatully ol o nes

(6] Wil thess travalism rasch thelr destinationT Wil thay s
coanfuliy cobsnips now vent hobitets? Lauren Mallinasss and
wihare sre ioohing for chuos that will provide the sRiiwers to
e guEloss




