


-

@NE
MILLIONTH
OFAVOLT

ACROSS A
CENTIMETER

OF SEAWATER
can be dir t inguirhed by a

shark.  This is equivatentto
a vol tage gradient.reated

by a 1.5-vott  AA battery
with one pote dipped in

th€ tong ts land Sound and
the oiher pote in waters

off  lacksonvi  e,  Fta.
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'lurre 
prelrnnarv, thotrEh. Hcre I descrjbcno\y

jnyestjg.ro6 6 6r discoverd ctectforeceDrion in
sh.rks and how$ e dchorstrared irs iniporr.nce
tu s(e$ftrt huntlns_a fascinatng, lrtrle
Know! tarc thrr sDans ccnturies.

Hidden Sense
The srory besins in 16i8, s,h€n ftalia D ,n!ion, isr
Steiano I.trduh j d${nrd pores that specklerl
rhe.torward pait ofthc iead (,f sharts and rd)s,
endor rB d,e,n Nirh \ .merh, rg rcs.nr fq r
had h\coi  ur t - (h.rJ! \ .  He nuk. l !h. , r  rh.  fo;e,
concenrrated arourd a sh ark\ nourh and iourd
thar ifhe pecled ba.I rhe neighborng skln. cach
^pen,rg led ro r  tonr i r rn\pJreir  ruh.  ,hJ,  s r \
hr led q rh a .  1qr| ] i i r  Set.  so.re . i  fhe fubes
wcre snuttdrd delicare, bur oinen trrre ncarl!
the dianercr oia srr.ld of spagh crti a nd ,cvt.ai
rDcn$h tengrh. Dect wirhjnthe|ead, Loren,i-
Dr dfcovered, rhe ftrbes congreg.red in sor.!l

'a ise 
na$es oi . lear je l t ) , .  He corr idefed rnd

rhen relecred the po$ihitirv that rhere pores r ere
rht sou.cc ofnsh bodr stihc. Larer, hespccutat
ed rhatth€ pores night havc e.orher, ,,hore trid
den h'ncrionj" bur ttre;true purpose rcmrnr..t
uncxplanred for hundreds oilea6 aircrsard_

gQSENsox-S tNACTION

The pofts'pufposc $arteJ ro becomc.texr in
rhe Djddle ofrhe i 9th.enrL,r1 when rescrrchers
bes.n.o slc.n the fu!.tio, oithe so calted lrt
erar xnc. ir orE.! that slia.es nnne \tDihri es
wth,Lotnzhi: pdc md tube srsrem. Ttrc td.-
erar !ne.  i  snpe earendin, :  dorr !  th.  s id.s,) f
hanv 6sh ardrmphihi iDs tro, j  g i l ts  ro ta j t . . te-
tecis Mier disph.cDenr. trr tish, jr corsists oi.
sfcciahed n,w ot pnrbhrcd sc!te!, e.ch oi
wD1.h opens mro 1rube hhstensrhs,jse tLrsr un
dcr thc sk'n.,\r$'cltifgs atongthe tcrgth. spe
c'dr i ,cd setrsoN.et ls.al led h. i rccl ise\ tef  d r ten-
d.r. brush lile lro j.ctus ((rcili.)rnroric rube.

hes rhosecruscd hy
nsn s\rrhm'n8 a ler r€ct aw!), bcrd rhe mic,(,
scot',c batr m!$$ tike wjnd Jriyef wrvcs rjr-
trug ihrough a field ofsri!i. This rc..rn,r er-
cires !er!ts, rhose jmptrlscs jfi;rnr rhe biijn
abourtl,e st.ensrh jrd drrecrio. of thcwirerdte
daccDeDt. Vt re.din lhe dcs.efdanr ofrhis t.F
er! l l i re in our eir  cochlea.

Bv thc l.re l9th.ennrr rie ne,vlv ihproved
rn,croscope rNrale.lthatdre pores on i shlrk:
snour and the unuluat \ t ructures undcmeath
t Iqn, rodat c i l lcd ampuIae ofLo.eDzjni ,  nusr
Dc sensorr orgirs or sohc kind. Each nrbe wrs
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seen n, end in a btrlb(lrs lorch, or ampulh. A
rhnr ne.ve emcrsediroin thc ampull. and joned
branches ofrhe anrerlof l.renl line neNc. Scien
tisrs traccd rhese nerrcfibers to rhe b.se oftne
skull, lvhere thty enrcr ihe brain rhroush the
dorsal  surfrce oi  thc medul la.  a dcst inatnr
.haracterisrlc ofnerrcs rh.i c!rry scnsorl rnfor
tuaiion nrto the bfaln. Observea dlscenrcl a
singlc tuv hdi .  cel l ,  snni ia i  n,  rhosc of the hu
niar DFr ea. and ofd fis! s lareral line srstem.
i fs idceichanpul la.  Iheryreof srnnulusthe!
misht dete.r renained un kn oBn, hos'ever.

Electroreception Conf irmed
R.setri.hers found rhemsclrcs faced lvirh a
dilemmi: Horv could ihev detennine rhe funcriof
ofihA entirelr forelsn rensc orsanl The ennnF
i l  solur ior  came down to rhe.omhnrat ion of
good instrumeffadxr and a f€rrile imagn, arion.

In 1909 biolosisr c. H. r,aiker oi Harlard
Univenitl rernoved rkir fron aiound rhe ampul-
hr openinss oia dos6sh ro elininate afv ractile
receptos nithe drea. Hc rhen obsrrved $ar dF
fish ronctheless rcacted rvhen the€\posen rubes
werc rouched senrl). lhtr resporse nggested
rh ar the orglns niighr seNe rldre. modon or ter

hapss'.rer pnsure. burhe.otrld nor besure. Af
te.all, d reller rercrio! ro. poke in rhe eredors
fot D€ce$drily mc.n th.t eves had erolved ti,

iust r\ mlcroscopes had opcned up Derv re
scarchrvrnnesiccDtur) belorc,rhetNr devsed
lacuu'n tuhe anrpllfiei adranccd rhe study of
brdn iun.t(n ln rh. second quaficr ofthe 20rh
colurr. in I938,{iexarder SaDd ofiheMarine
Biologlcdl  Associ . i ior  in Pl)mouih,  England,
$'cceeded l r  anpl i f l ing and recording neFc
pulses runnlDg fron rmpul lae of  Loren, i r i  ro
dF brrin. Hc sawthar inilulses shot dorvn rhe
nerle in a srcadr srreah burthdrcertrin stimuli
cxuse.ithe f.rc ro lnciease or dedease suddcnl).
SaM notlccd, ds |arker had, rhrt the organs re-
spon.Led !o rouch or pressurc, buthe found rldr
thenring r.re ahorosewhcn cooled.Indecd, rhe
rhpullac were so sensilnr ro remr'eraturc rhai
they could detect external chrnge\ as smali is
0.2 desrcc Celsius. Such nre ds.rinriradon, io
gethcrivuhthe well k r orvn importlnce of Mrer
teinperarure io nisrarion ard othe. fish behav
io., scoDed sfons eridcnce rhdtth€ org.Ds were
lenrPcrdrtre receProE.

In rhe eailv I950s biolostrt R- Vi Mufua) of

TIMELINE:
UT{IIIRSTAI{IIIN6
ELECTRORECEPTION
1678: ta an amtom 515telano
L0reizid desc. bei the ni!.t!re
ortlre e e.roreept on r)inem ol
sharki  and ray5 Is i !ndoi  remain5

tate 1800sr kenr isrsdpan
the functiof olfsh 5 alera ne, an
orqan thatdete.E,aterdtp eemenr
aid i 5omeways rerembre5 the e e(
Iro@.ept on syn-am Eiam iationwrh
m ooftpes de heat6rhe deta 5 of
whar soon be.ome <nowi asahp! ae

1909: c H. P3rrerrndslhar
t ie anpu ae resp0idlorou(h He
rPe.! alesrhaftfei n ght 5.n5e

19381 A aandersand re.ords
ierve nPL 5e 0! tp! t  nom amp! h.
cfLoreDin n respoi5e1o var od
5t mu Fe lori.es thatthey rea lo

|  950s: H. r t .  tsmainandorhetr
de<r be "1!berouj reapro6" in weat
ye e. t rnf5h rhatseBe then.!vn
I e di. lhe d {overyadds e (lrore@p
10n to $e nol lnoManma aises

Early 1960s: R w Mutra) ' t idr
thalampu aeoiLorerzln are5ens
twtonqhtsa ni lyrrar ionsand

'1970s: Ad.!n6 Ka mi l i  deter
m ner lhat in 5eawaterai  ma bodies
prodlce e ertr  c Ie d5 Hearodem
0nsIralej  I ia l .aPt ve 5narts.ai
o(ate aid ada.k b!r ed e edrodes
lhatemi lsm are erf i  i leds

1990s to present:
Re+arche6 5ho,! tfal e e.1ror@p
Ioi  s an dn( ientserse rhal  j
!v despread amorg aquar . anima j.
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FISH WITH A
SIXTH SENSE
Beyond sharks,  teveral
w€ll-known firh have
simi lar  ampul lary electro-
receptors,  including:

COMMON RAY
AND 5KATE5,

"winq5"

thc t ln i reblrr  ot  Blr in i fghaDr in Englerd re

lrcated San d's ex!crlDr ons \.irh modern electh
phrsiologlcal irsrnrDcnrs and conlirmed rhe re
slionscs ro rcmpff.iue changes, presure diifer
fnces .nd iouch, but he dlso obse^ed that the
organs were serslrive io slignr viriatbns in sa
lin1q. MoFoler, when he hippene.{ t(, slirch
on in elecfic lield near the oprnins of a $be

connecred ro an anpulla, the dring paftcnr
chrsed. Ftrrther. n1e taficrn .[crcd ac
cording to rhe i.tensiq af dpol.rllI oi thc
neld.when the field's positilc folc !.ared
the orenins of .n anpul la,  $c dr ins rate

declinedr when thc rcgati( polc crme near,

Iieldr. \evdtheless, at e time, thcif discoi'.r_!
rdded el€..1reccrti,,n r, nrc hnili.r llsr of jilr

Ti)gcd,er, weak clcctric org.ns.Dn mberous
elecnorcccprors toin the cmirterard rece!!er of
a fad.rlikc s,vsrcm rhar is.xrrelrely useful fof
tasks sucl as n arisa tmg thc muddr Arm,on Riv
crorlccdhsarDishr. As obtecrs disrortdre shape
ofrh. cmirrcn cl.cfic i.ld! rubcrous receprors
dcrccr rhc chansc, rherebl reltillns rhe locarion

Sherks nd rlys lack dedicdted ors.ns for
emltrlE tields, hore\ er. Resedr.hers spe.trlated
ihai rhe rcuteh sensittre rnpulhe ofL.rerzini
nighr work ds d pr$ne 'h.lii' srsten. dete.t
ins feeble electric iields occurrins mtdrllr in
the environnenr nu.h like $ne nigh.vntun
gogghs rc!eal a n ighrtinr hatrlefield byamtlifr,

What.  ther,  s 'ere t fese anlnals detect inA?
Rr*ib1vthel rverescnsingrery b.iel.Neak t.rm\
of bnxlectricitl *rch rs brain rvaves ard hcart
mu\cle!onrr ict i (nr  potent l . ls .But i tseemrdun
l ikelv that  sharks couLl  use nrelr  rnpul lae of
I orcnziri tu dctccr clecrri! ficld pulses that last
onlv a fcs ' thousrndths ol  a sccond. Or the con
rr . rv j  rhcscorgafs arc ru.cd ro scrsc onl :  thc
sloivcst-changing clccrr ic Fclds,  such rs thosc
gcncr.rcd bv clccrrochcDlc!l b.rrcrics.

Ihis dcrccrion dbillr-! would m.kc scfsc be
causc al1 biological cclls h tl,c body fLrrctu as
bditcri.s is d conscqucncc ofrhcir srr!crufc.,\
r_vpic.l barterv produccs d lolrdgc Nhcn nro s.lt
soltrrions \r1rh ddfereni ner elecrri. .hNrscs .rc
sepi ied lnside an ele.rrochemic.i c.ll. Oppo-
srie chrryes rrrra. r, .!d dre rc$rlring morcncrt
of.h.rse cre.res in ele.tric currenr. l.lkcN isc.
l i ! ! r8 cel ls.onr i in a s,h solur ion rhar di t fcfs
from sedwrrer. ciuslnS r voltdge ro .r;c ar thc
ntrerf r.e. consequentll, a lish\ bod) in sc.1r.rc.
ope tesr\ r werk brtierr rh.r enrrs ar clccffic
6el.larouid,t. The field p$duced br rhisbircr-!
.hdrses slo{ ly rs the tish pumps ward through

By using rn ele.foric rlitlili.r in d]c 1970s
bblogi$ Adrimus KrlnUr. dren er rhe U!tr'cf-
\ltv ofUtre.ht in the N*herhrds 1.nd now ir
rhe 5cr ipps lnst i tut ion of  Oce.nogr. !hv),
skn'ed thar rnimals produ.ed bloele.rrlc helds
in rea$arcr. The\everv q.erl fields.h.nsed iirrl.
(,tr not r rll)ov$ rune. exacdy the tlpe oielcc-
rric signitu rc anirull.e oi Lornznri ire &tLrippcd
ro derect.Kalniijn rls(, detuor$nted thdr a cdp-
rirt slerkrvould I qte anrl futr.l elecfod.s hc
bad burierl in the sanrlofan r!urrium iirh. clcc-

,\stonishlrg\', \I!rrrrr dctcrDlncd rh.r rne
organscould rcspord to liclds asrtak rs one

millionrh ota 
'olr 

applied icross e centi're
rcr ofseawater. Thls efiect is equivrhnt n)
the ntrensiir of the v.ltise sradienr thar
lrould be prodtrced,ntheser br conne.tins
up r  1.5 1 'oh, \A blrery \ . i th one r 'o le

dlpped nr dr LorsIsli!.lsound dnd the orh
er pole n rle tuters oifjd.ksonville. Fld-Theo
ret ical lv,  !  \h l rk s{ in in ins benveen rhese

toint \  conl . leasi l t  te l lsher the Lraf tcN\rs
${rtched on or ofl 1I arcr mcasurcrrcnts of
brain rey,nse n,diQte thar shon<s crn dis-
ecm I t billnffhs oi a rclr.l \o orhcr rl$uc,
orgar or in inr i lcxh blrs such crtrcmc scn-

sitl!iry io elcctficir.r. Iiidccd, cngir.crs h.1r

ELFCTRIC

rlillicultv ncrsurug rch wcak ficlds in s.d-
rvircr usrng modcrn cqulpnicrr.

SIURCEONS,

The Search for a Function
vhar.ould fishs.in bI derecrns\rerkelec
(i.lields? llints ro rhe rNwer.drne frolr
eirlier ndies of bioele.rrlciry eleciri.
Iield erDrsions b\ other lish. Ele.tri. eels,

ktre\rnrrle.cd stdprel x,rh \tiore !ho.k\

i:. : :

: i

: ;

; i

: i
a;

LUNGFISH,

generrted bv r specirlized oL€an. (lertrnr other
fish. hou.ever. seeo to purposely prcdnce nuch

weaker ck.t.ic iield\ n,o frint t.r serve a\

rverpons. The erolLtnrn ofsu.h ipprrently

uselcsr organs puzz ed oen ( :ht le\  Dar

uir. who grappled rvith this bn,logical rirl

llc in a" the Oiin afst)e.ts.

Scarclirg trr thc funcrir oirhat rveak
bioclccrr lc i r ) ,  zoologist  H. Yi  I  i \smifn ot

thc UnivcrsirI of Cambridilc rnd orhcrs in d,e
l9-t0s folrd rhdr Fsh rhit produccd itiverc ablc
to d.rccr ih.n owr clccrric licld. Thcif renans,
krown as tubcrous rcccptors. arc rcn diifcrcrt
i$n rnpull.e ofLor.n,itri: rhc.r ilck ftc lons
ttrbes dd ire lor Dedrh ds scnsri!. to.Lccftic
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INVESTIGATING AN ANCIENT SENSE

TT. 'E
C f drr '  nre norIL e ' i r '  r i th o oore$ p 4.  no.e.epror! .  t4e now
rr ' " ' r in,  ra rcesrors senFd dp. t r i (  r  

" lo\  in dn. ie. l  sear \4yown
early research on ehctrorecprion fo.used on whether a pecu iarfish
thatahoevovedfromthese ong- oslspecies the pr imit ive,  deep-
oceandwe scalled chimafla hase e.trorecepton.

f 6tencountered one olthese b za(e-looklng cearures in the
late 1970s on a com merc ai  f ishing traw er when wasagraduatenu,
dentalrv lo$ Landing Mar ne Labsln Cal l fomla.  Ihe chimaera had
largeincsoEthatprevented ts mouth I rom ful lydosing. This feature
and its b g ey€s made it resemble a bunnyor a rat-wh ch s why it is
commonly caled a rabb tfish or raif sh

Becasethe ratfsh had no commerclal value, the Gptain allowed
me ro take ir home for nudy. l soon noled lhal the bu kolrhe head
belween lhe 5kin and unddlying m usde was filled w th a transparent
gelat inous ma$. When lshon€ a l ight through the je lyal  an angk,
saw a tangle oitranspareni, qe f lled tubes that cd ated out lo
pores on the suriare ofthe head, whkh resembled ampulae or Loren
z n in sharks lsspeded lhatrat f  sh a sopossesstheseorgans, but
ro conlirm th s conjeciure, Ineeded ta catch a ratfsh unharmed and
keep it alive long enouqh for experimenlat on.

Tolh s end, ren istedthe be pofthecrewsot lhecomme(a ikh-
ingbodr.rh.ro1, -p "" \" .ound Vo ere/  8ay.01. logg, ro ning
thero/ iddl / /brcught n a ve€tf  sh,  andthe skipperrad oed meto
o( l i r rp.rrh"do. l  8- .d n\  db.  r  p laceo re l  sh i r  d ing-
shaped aquarlum inwhkh seawaterc rculated connam y (d€g.an).
The center oflhe ring waslust lage enouqh to allow me to obserue
thei ishas lswamaga nst thewatercutrent( i tspreferreddnect ion).

lsoon rea zed thatthe ralfsh s tendency to swim againstthe fow
m qht help to answs myquesrions. F ui, rburied ehctrodes underthe
sand. When th€ Glfish swam overthe h dden electrodes, l swikhed
on the ehctrk feld and s mullaneously gennytapped thefish w th a
qlass rod, coax ng hto swim wilh the watercurent. The ratfsh soon
reversedcourse, relurn ngto tsfavored route assumedthat f the
tlsh could deted$e weak electrklie d, twou d come to a$oc aeme

gla$rod f thatoccurred,
the mlfsh m qht learnto
lurnaround0n ts own when I
l lpped the swikh on y. l f theanima
never harned to do this, theial ure would mean e ther tha1tr cou o
notseNeweakeecirct iedsorthat twasuntra nabe.

Al lercoNidsabheffon, t ina ygol lhe.esut lsought. lh i t the
swilch, and the .himaera reversed d rect on instanlly.lt had sensed
ihe eledrkfield and fiqured outth€ routine. From then on, everyr me
lapplied fte €hdrkstimulus, the ratfsh lurned around, but it p4rd
overthe eieclrodes wiihoui hesitat on if ld d notengagethe fie d. By
adjusting lhe Ie d s intensily and frequency, llound that lhe fish eas .
ydetected fie ds as weak d those em tted by fish in seawats.

Although the exper ment showed that ratfish can delect weak elec
lr cfields, tdld notprove lhatthefish useihe nructures resembling
ampul laeof Loremin tor lhalpurpose ElectrophysioogistDavidtange
of the5cr ippslnst i lutonolo.eanographyand setouttoaddressthis
is5uewith the same ratfsh. Tak ng the approach employed byAlexan
der 5and in 1918, we recorded the act vily oflhe nerves connected to
these oryans When a nsve impu se raced from the mynery orqa n to
the brain, a qreen phosphore(entwave lrace sweptacrosr ouro(i o
(opescreen and a loud crack resounded from a speaker

As thefsh s ept peacefully underanenh$ a, the nerlefnlng pulsed
leni y in rhythm with G resp Gt on. When we pla@d an electl cfe d
near lheopenngofoneol th i ]skinpores, though, lhe aboratory
innanl yflkd wilh noisy cracks, refedlng a nream ofnerve lmpu as
shoot ngio its brain. Next, we pulsed the eledrk lield, and lhe impu ss
followed in ocknep, ke Maines on the march. And when we revered
thefield's po ariiy, wedemonstrated rhatthe negative poh ex.itedrhe
o19an, wheredthe posit ve pole inhib ted its funct on, justas R. W
Murayobserved with lheampullae in +a*s. Therewas nodoublihal
lhechimaerahadee.trore@ptols. Laterexaminatonrevealedthatthe
ralf sh's ele.lrosenso6 are ideni ca io those in sharks'.

I
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MAGNETIC REPETLENTS?
I  

_ve1ro \ ,  " , r l "np.  
_9 lod'  !d ro .  d^oy l ro I  r i  h odi l  dnd I  d,o"

I  d{4r.{ innq b/ / ,pp:19 tha,4n, u4p 4' t ro,p.  dp o \s i th.  t ro q
magnets.Theldea stoconluseasharkseledroseNo6byinducngan nler
na voltage as its body pases through lhe magnet s fie d, say researche6 and
entrepreneur Samue Gruber ErkSlroud and MIG Hsrmann

" Ihefocus sonsavingsharks,  nothumans,"  explainsGrubs, a
mar ne biologkt at the Llnive6 ty of  Miam .  The wor d Wi ld l fe Fund
enimales that 20 percent ofshark spec es are endangered.lffixed lo
comme(iaL ong nes,achdevc*m9htsave50,000sharksanght
from be ng.aught byf  she6 worldwide, Grubs c alms.

Wthsupport l romtheWorldW d i fe Fund, theteam kdeve opinga
ba ted fkhhook wilh a powerful nagnet \bla.k .yllndq, abave) atrached lo the leader.
Comme(ia and gametkh, whkh do not have ehdroreeptors, would bite the hook
unawares. Pre iminarytests are encouraqinq, buldon lsw m n tlre ocean w th sults
nulled wilh magnets junyet; no peeFrevlewed (ientilk nud es have shown if mag-
nelshaveanyeffectwhatsoeveronsharkbehavior.  R.D.F.

tE!@itsil

R Douglar Fields,  who holds
an M,A, f ioh Moss Landing
n4ar ine rabs in cal i fornia and a
Ph.D. in bioloqi .a l  o.eanoqraphy
lrom the S.r lpps Insi l iut ion of
O.eanography, k a neurobiolo'
gisr ar rhe Narional Instilures oi
Heahh. ror his shark srudies,
he co laborales wlh hiswi le,
[4elanie Fields,  a high ihool
b ology iea.her,  Out i ide ot  work,
Fields spends l ime rock dimbing,
scuba div ing and gui tar  mak.
ing.  This ls hk lh i rd adic le for
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trodes ei!fted lields nrr,.kinsthose produ.ed
by ihe shrrk's i)picdl pnr. 1Mv own edlr sork
nele.dore.epnor parilleled Krlnitdsreset h.
e{cept thar I foc6ed or a relative of shrrks called
.tlnmeta lst. bo,., pt....tins tns4.)

EleclroreceptioB jn thc Wiid
Shorving t lat  6sh with enpul lae of  I  r renzini
rcspord ri) ele.tric fields in rhe controlled condi
tnr6 oi  thc laborrnr l  i \  one thins.  bDt Jercr
miDing i i  ard how thcr '  !sc th ls scrse in thclr
orvf crvifofnrenr is anothe.. This risk prcvcd
challcrging in prrr bccausc Bc!k clccrical sis
!ils iioD prcv can bc !ccompa nicd b_r clccrric.l
loise s.n.rarcd bI orhcr namral lhcnomcrd
salni$, reDpcrarurc, wdrcr norioD, dcidlrr, and
so on.ln rl. occ.lj crcn a mcral\rirc crcarcs a
lolrase rhar.ny shirk.dn cd sil-v pcrccilc.

'lb resrhowiish use d$ scnsor-v ibiLiq!inD.-
tfte. such rs whlle huntns. we had ro observe
dtn dong so n rhe se.-"hich is how we end
e.l ur on dt \nillfibershss (rorme lli.r boet
rvith th€ squire hole.ut nuo 1ts de.k. h 1981,
h()ting!)see iiltgeo.eingotr€shtksrelled on
dccooreceptn,n rluring nonml fednrg, Melinie
and I. as rvellas Kelnill andnis rssociite Gril
He.terof  theXi!)dsHoleO.edog phi .  INt i
turion, dereloped a T th ipe.l apparatur u,nh sets
oiclcctrodes posi ,nerl at each end.

l , . r . r  rhat  sumnrer,  o l t  ar  s€r,  we k)qtred
thc dcr icc t f rougf the cutout in th€ de.k ind
pumlen groufd{p 6sl, inro the water though
a porr locdrcd ar rhc join bcts.en the electR,.le\.
ve then encrgizcd rhc clccrrcdcs n) tr)dtr.e
electric lields m!nickins rhosc cm]ttcd b.r shrr1<s'
trpicel prey fish. OD. pc6on acrivarcd one elec

rod. ar e rme nr raldom seqtrerce $,hile r \e.
ond person (sho did roi kros whi.h electtude
was ectilrred nr dy instxrt) obseN eJ rhe eflect
or the shdrks.  I f the in inals preie,ent i r l l l  at
u.ke.lthe actn ate.l elecrrodc. nc rvorld knorv
rhet useJ rheir  e le.rr ic sensetootch trct .

C.ouchins on nre boal  dcck dur i rg thc 6r*
ni6ht of  ourc{ter in,cnr,s 'c!ccfcd lnto rbc holc
.s a s.eat blue shafk c i fc led and rhcf ,cn)ed i f
on d,e scent oiground 6sh florvlrg from thc ap

rrafarLrs. Ii sw.m srraiglir row.rd rhc onor !nn
ar drc lasr insr.nr vc.rcd sharpll ro rlic rishr,
sndplin8 rhc righr lcg of rhc T !1lrs ti\rs. lhc
sh.rk shuddcrcd and dt.shcd aDd abruprl.r rc-
lc.scd rh. alpardrLrs.ln rh. tinlnomcnr ofrnc
ift.ck rh. frcdirorhdd isnorcn rhc odor so!rcc
ind nNread rumed ro bire rhe .criv.r.n clcc-
trode. l hrooshout the sunrner {e \rlrnessed
mrnr artacksn whl.hthe rnn.ls $$ryI) p.e
ferred the dctivited ele.tro.le o!er the mrctne
eledrodr rnd the sour.e oifood odor.

The lindtrrs thrt eledrore.eprnD cd ovende
eldrdre \tturs servrr .ues of ste dd rn.ll trr
d1e 6nal nuDents oirtu.k drisht erpleni puz-
zling anecr| rtal accouns of $Ik Itxc[s .n hu
mans. People hare rcpr rterl in san.e\ in rl!.hl
human vlctim oi a shark rtta.k $rs retertedl\
assaulted while lting torverl n) sifer) bi uodrer
*vimmtr qhom the shrrk isnored dtrrnlgthe
rescuc. .\lthrrgh a shrrk nisht be erpected to
l(xe rack oi  i ts  in i t ia l  v ict im $hen blood ob
scurcd i'iso and srell. it seensthat tsele.to
rcccption scrse efaLrles ft io loc e the st('Ig
clccrr ic l ic ld of is in i r ins i ronr Ihe hlo( \  sr l ts
pouring from d,c wourrls ofthe r.lcti,r.

Shar l<s use al l  thelr  senser u,hen they hmt,
but cac!  onc has speclal  rd ' .nrcge\ ind J i i fer
cnr scfs i t i r l t ics [s.e box.n al l rosiLt  r tgc -
Smcl l  and hcar ing rvould be mo* ureful ior  lo
c.rin8 !re.v froD, g rc.r disri nccs. Virn)n, literdl
llresenses and r.sr.would bccont Rreimr)r
rdt  r t  c loser rdl igcs.  Dur rgthcrcrnr i f r lphrse
ofin drrdck, whcf d sh!n{ con,cs within a nteter
oi irs prel, ho\rclcr. clccrforccqtnn he.omes
rhe mosr usctul\r..t ro Iifccls€l: locfte rhe pre)
rnd coftecd-! oricnr irs jNrs. sleh rn insisht nr\
ore dr niorri rhc dcrclopDrcnr oii dei iccthdt
.otrld decov sh.ks i\rd.r ffon, $vlnrnreh.

N1y colleaguesrnd I hdlc iocuscd or leedl.g
behrvioi because ir is rdatircll eas.r ro elicit rn
\hirks. bur these lish undoubtcdly rvleld nrerr
ele.rr ic serse for orher!urposcs as Nel l .  Ve.r t
onlv inrdgine $hir  i r  musr bc l ikc to \ee the
wo.l.lth.otrgh rhis str.lge aDi dltogcrhcrunti
nr  har \en\e.

:
1



' l* MORE TO
EXPLORE

The Electric sense of sharks
and Rays. A. i. Kalmijn in/dunal
ot E xpetinental R iolag y, u at. 55,
pages3Tl 383j  1971.

Electrorecept ion in the Rat-
fish (Hydrolagus @ iei). R.a.
tedsandc. D tange in scler.e
vol.202 pages 547 548j 1980.

Ampul lary Sense Organs,
Per ipheral ,  C€ntral  and
Behavioral Electrore.eption
in ahimaercs (H yd rclag u t,
u o locep h a I i, C h ond i c h -
ttyer). R D. Fields,l H. Bu lock
and G D. Lange in Brain, Behaviol
a nd Evo I ution, Y o 41, pages 269
2A9t 1993.

Ele. t rorecept ion.  T H Butock,
C. D Hopk ns,  A.  N. Popperand
n R. tay. SpringerPress,2005

!

i W
scre rrrrc rrvrnrcrn 65


