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6.1 Introducfion

Ihe lighrorgaD synbiosis het$ ccn ll]c biolunrinesccnt bacteriunr UrlioJi.*.,i and lhe Hawaii.n bobtail

\qtld Eup\ Nn lrtopt\ is a l.scinallrg associatidr rifc with i nn iguirg biology Thl s ieliolid !u id \
x smNll noclurnal inhNhitaDl oI shallow sindl rccfs in the Hiwiiian rrclripelago that allols i': ,s.rer,.
xnd on1) llis baclerium. to colnrize ePilheltum limd cr!fts ol ! spccialiTed light enritting orean. Th \
,.lighr organ" ls locrtcd ju sr lcnrral to ihe squid s i k sac in th. mrndc cality o nce thev havc coloniz(rl

rhe lighl orgar. the bxcterialsymbionls emit ahluish lighl. and rdrfttlions b) the hosl allolv irn) direcl

and moduhtc tle enrilled lighl. tsclow. we will discuss hoF the Iight orgmt archjtectrn e suggests thal it

iuncrbns in thc camonflrging hchavior retbtred lo rs counterillunrinttion (ligure 6 1). $'herein mxrine

snimals cmit light downward. roughl) nraiching thc down$'elling light lmnl abole ro obscrre thei.

silhouette lilm a inals bencath thc in the wlter colunn (Cla*e. 196l: Dahlgftr l9l6i HaTer and

Case. 1999: L z. 19961 \{cFrll Ngai ard Mo.in, I991: \!ar.er et al.. 1979)

8-t



I,!(n$P t' 8 n .!n Jnn n., I shl

B \\ rrh' lurnr r nt

Dti)n\ite Munkli in ili..obnr 1 5\?rli.)rrr

Researclr on thc v. lscheti L. er,,fcs synrbiosis has gllherud nrom'ntrnn' hut ma y hig Picture

uurshu\ renrln unrns$(rcd f. !,ltl.\ $1\ i rst described b) tse'ry ncarl,! a 
'cDlury 

a8o (tserry'

iri:,. ,"1 .r"",r.1 
"n,r,., 

,t hrt!nrL i lcrtof\ ilr E'l)/r'z'd '"'tr(i 
lishL organs scre |t)! cd b)

Kislxrail in dLe l9l0r. Although thc originalrcports rre nolv diff'ult l(r li nd thc) are niccly revi'\cd in

E. Nc{ron }ia.!ey \ book ,1,t,1/,ai.!,.. (114r\ e) 1952)' while'arb s dicsfocrsedo rheb'havior'

-"f,rgl,. "*l ".b,yofogi 
,)i E r.rlol.r!. in lhe lasl 20 leNrs research into tl1c V 7 :lEti E \coloP's

,,.r,ciari,,n rns in","asi,igry lb.uscd on using lhi! svI$iosis is a mxlcl lirr m'chanislic srudies 01 mutu'

"ri,,i. 
r,,u rru.,*;, ,n"i-rions (St!bh, 20061. This lbcus (cms in large mcasure frcm c{terimcnlal

i.nctairit,ly. tr,tnrr nur at ll. Lhis sl mbnrsis ca! be reconstitulcd in tne hborafttrv allowine d'tailed ur1) _

."t 
"i 

r,"..' 
" 
*,i .p..irl. rtost bacleriu m rclatidrshif is it iated' Ilanv 

'iciling 
discoleries lulc bedr

n n,le. y"r tuna".cnlar qr"dons rbour th. ccolog] of thcsc svmbidic prancrs and thc sig' iiicr ce of

ihe biolunincscencc resuline fiom Urci.xs$ciatn rcnrxin rclati!e1] obscurc'

lrrc purp.sc .t LLit cl*pLcr is lirst 10 oricnl lhe rcrde' to kcl bxckgro!'d intormaln, i ihe liold

-*-tp*ri"e *.".*L"nistic studics as wcll rs s'Llal is ktro$n aboul the ccologl ol thc fa'rncl\

",,0 
ir,i ""iai,* 1i,..**lisnr in rhc svmbiosis' Then w' will dcscribe thc prcmise an basic Drodel

of courrtcL;iftmimLion. \l. wi]l ncil pescnl the c\idenc' 1i)r xnd xgainst 
'ounlerillu 

inatnrn bcirg

trr" ser."Liuc aOu"mag" ut Lhis s)nlbrosls lor ihe hosl squid' 'rnd 
*cigh this clidence along wnh olher

Ito",, ** ,.i" "..rio *plrrL, tht ..olo-qtrJ1 sL!niicance oI light organ bioluminesconce FinlLlv' se

,.'rlcr,r. tt rrgllielorgg,rlsrn,Lr.u tnt k r1\lcdgernd tuturc cxperiNcrlal sn [cgies thal pronris'

i() yield importanl nc$ insighis.

flCURE6,lBoposed..unterillu'niDxrionrchrnlln'l'l\"'rlcsPanclA:IthasbeenPtutoselrhnLErn]/4Pr
.iti t*,lJ e.""m q -l,ioi. r: rnr, rarr .rn .nn a coitrolLrblt rcntrxll) tliitred luuinescenc' thcltb) !b\'nr ins th{ i r

siilL,,urrrurapRtrLrrrurar;rheminLhcurer.nlLunnp.,r.lB:Arirroonotr:.r..lfl1!i.*edreirrillrxndb,.k-
ii,,u,..at*,, ","r.A,,"a 

*"t h.* rlre h.qht orErn dilltglalink\!cnriglrrh'obscuredbr_biol(nin'r"n'erndh'w
r rc r.r olthe mim.l n'rv have d,ltir.d d.rli!cs ol rtunn0cen"

6.2 Background

6.2-1 Reconstitution of the svmbiosis in the Laboratory
Enabtes txperimental studies of Early lnfeciion

il ,i.rer, synbionls arc ac!uircd by Z ril,Ier lhrcugl horizonrxl lrarvnissi'n with 
'tch 

new

g"r",^,.,, ot t,,.l ling rq.,ia utLuining 11 /i'.'lleri fron rhe crv]I'onmctr{ Thus' \' iit'heri rnt'

i. ,.,r,,/-, *i.t Lor sn.c leridl of timc olttsidc (he svmbiosis 'tlthough al leasl lir the host llis

rposymrriotlc stagc ls lricl ihe abillty to tcconslilute this symbiosis exf'rimenlall) slen]s trctn llrP

ii.r iL" lo,r, p-in"," "., be mai ained wilhour greal {lillcuh} i the lrboraiorv v'li!'}?/lcanhe

.,,fn,*o reaairy, ana "" lale obserled doubliDg limes ol less lha' l0 I1Iin in str dard rich nedi"'
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.\ hen sdDrflcs irort] ,. rdry.! light orgrns ate flat.d onlo solid medir. li is.i?.rl colonics arc

rcovered rith high ciicicncy. and the li8ht organ irrftctilnb trc lofostecifl.. merning thal lhc)
- rnlai orly l{ /iJdr.ri rnd ro orher ha.Ieri. (Bo.ttcher and Ruby, 1990. lI]94r Rub] and lUcl'a1

\:ai. l99l). E. scnl.pes can a]$ b. kctl in llre laborator), \there ir readily Produccs cggs and

rrchlirgs. E. \..lrf.s sas iniliall), brcd in aquana n)r embryological studi.s (-A.rnoll ct al., 1972),

:trr hrcr the tosthrlchiDg irritii1tioi and dcrclopmeit of 0rcir lightorgrn slmhiosis las alnr studied

\lonrgorrert and \'lckll Ngai. 11195: wci a d Yonng. 1989) Elentrall). r. r.o/.]r4\ sis rais.'
:.tuuSh a Iull lite .yclc (alhcs and Dnnhp, 20001 Hanb. ct al. 1997).

E. J..lrt.s cggs.rre slmhiont liee. rnd cxposing the h.tlchlings to V /ir.n.ri inoculn it seNBalor

.lults in slmbidic iirectn)n (Itubl and Mclall Ngai. l99l: \Vei and Y.ung 1989). Argulbl). lhi'
r3 clioi i n lnc laboratory rffrcii rates natu rrl hori Tontrl trarsnissnu ol sr, mbionl Pol)xlatbns o '

: n\.l.ri ha\c bccn eramineLl i! t. nrl.??! habilats. $ inocul n lev.ls thal afrprc\imate en\irou

inr,rl I)oNldtrms ot I l \.ltcri cm be nsed Whc Lesh halchlirfs are Placcd i llcarslue HawaiilD

!tr\arer. th. cnrcl oflxmincscc ce is delccllblc wil hin 8 h (Ituhv and Mcfall_Ngai, I991),atimcliame

:1u paft1lcls i fections in thc laborato). ColoniTatnm hr' small ntr mbcB oI Yrr.lrtrithalhalc ol lel
-,:u n n) bioluminesce. occurs c!e,r eld i.r (Asalo. I 99:r: Ruby and Asato. 199:ll.

\umenns a.ticlcs have r.\icwcd the dranccs ii our m.clulistic !ndcrtlarrding of rhis svmhioLi.

a:.rio. (Gesrlai lld Vlsick, 2000: I'IcFallNgai. 2000: \yhoim and NIcFall \gai 200| Rub).
,tr: Ruby aDd llcFrll Ng.i. 19991 Stxhb, 2006i Visick. 2005: Visick 

^Dd 
Mchli Ngai. 20110: visi{:k

:l Ruby. 2006). and we lvill pro\,ide onl) a briei oler!icw of rhe inliclioll process The bilohcd

: ,i,1.?.s liehl organ res csirlhe nrantlc cr\ill, whe.eil is c\posed ftr cn\ irolmre.lal seawrler. Upon
_.:.hing. t*o ickls of cili! o llre liSht org.tr sufa.c bcgin heating rDd shedding nrucus (Nlhdn'
.: rl.. :(X):1. Bacle.il in lhe scalrarer scl sluck in this nl.Lcus: Iher.b) conceni.xting dr.m liom lhe

lri en\inrn re.r (\)hol et 41.. 2000). Nlotilil) b) tlre brcrorir is lhen reqnircd rs lhcy swinr

' : nr agg regitcs in th e nnrcus lo fores on thc surtdc. ol dle light ortan lcraf et xl . I 99:1: Millikan
, J Ruby. 1002. 100.1i Nyholm clal. 2000). S)nrbionts.nl.r lhe porcs a d t1alel thnNgh ducN and

i jflually into cpi$eliunr lincd pockets reiirrcd to as rDtcchanrheb a.d crlfls (Sycnrc eI al.. 20061

. ihough .rxny 1,: ,s.n.r/ colls can be conccntrried in agercgates otLsidc llc ]lght organ. rclali!c1)

:i cells Npl,crr to s!rvi!c this journel ind tritiaie colonizatnnr (DuDn cl al.' 2006r Mc(hrn cl al '
rr:Rnb) artd Asato, l99l).

T he i n rlirl !: -fr(n.ri colonists lnn ilirat.. a d both Lhc iicrease i n thcir cell den sitv and $mc cr\ i_

. rental cuo i. th. host il iggcr fienr to begin producing biolu mi .esconcc (tsocttcher and Ruhv. 1990i

r !: er a1., 2007). l] ,1.r?r', ulutants that do not prodn.e bioluml iescenc. xrcalte.uated iDcoklrizrdon

3-,ic et al.. 2{108: visick er al . 2000). sutlesting $at the hosl cilhe. del.cls dark lntedions and stnc

.r them or g.n. les an enviro nrent in thc light o.grn iD wl\ich bidumirtsccnce is lhvsidogictll)
-ii,mlageons lir lhc symbionls llis undeNcor.s lhe inrPo.tr cc oi hnnumincsccnce in the svmbio\ \

.-i ca. be inlcrprcled as an irdicaion thal thr host Iimits lhc success oi L]rrl 'cheate.s" rnn,rg llL:

'.2.2 Ecology and Behavior o{ v. tischeri

-ir.r.ri has been isolated liom N \ariel! of mrrillc enviurm(nls. and is Ped Ps bcst knowt t'r
rnizms lighFemirtiug.,.gans ol spcciflc nsh rnd sqlLid The _bobtail" luid rhrt serlc as hosts i'r
:,.l.riarclithegcnc sfl.la or try,\unr. Bnich are lbund i tlre Ilediterancrn ScaandPtuln'

::rn. rcstectively iFidopiasris cL al.. 1998:Nishiguchi 2002: Nishiguchi ei il. l99E). l1,/itrri(/i als'
..nircs rhe light olga s of motroccntrid " neconc lish (Eitzgcrakl. 1977r Rubv lnd Ncxl\o', 1976)

:: r:\ er: v /,r.neris not renric[d n] monosP.cilic associarnrns and h.is bec! isolalcd fronr the gut con

.::id oflish in nonspccilic slmbioscs (\'lakem$. x dHetnr\i. 1999iRnb) rDd MoriL l9l9rSngirt
:: Ilo. 20061. I4or.ovcr. 1,:rrdkli is lound riee liri e ln lhe wtlcr cdunrn and in scdim( s (Lee aid
: rt.l991brRuh)etr1.. 1930) Numcricalll. it is.(n parllcularl) aburdanrirr thesccn\irons, bnl

':../r.rl is $idespread a d occurs in habillr{s wherc il has fo knolvn light_organ hosts. Thc Dlcliboli'
_i g.nomic flexihilit) otY liiheti luggesl ihrt in coflrast to obligaie svmhbnts tliis bacte'ium

_- rrhl), has an irnpon rnt envircnmc lal lrtestyle (och rrnrnd\lorar,2001rRuhr'.1aI.2005).
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1b rdiusi to drc ho\r and otlrrr enlircnnrerts. 11 /iJ./r"ri posscss.s ar imprcssile xral otrclntaror)
r\ srems lccsz\lin xnd Visick. 2006i Hasdngs and Grcerbcrg. 1999). L rflr"ri ts wcll kn.wn rbr a

: roup bch!! i(r k nown is -rluoru nr ser si.g,'' s herei. a diflu sible fheromonc m.diaies chaDgcs in ge c
r\tre\siorr wh.n loNlatlors rcach high cell lc.sn] Easrinss ud Grcenherg. 1999). euorum scnsinc
rnd rhc rcdouesponiive ArcA/ArcB regBl.Iory systern tune rtrc luminescence oI y lni.ri to cxpress
mi\lmally when cells arc ctuwded. yet in rcl[i\cly olidarive condjriors (Bose ct !1.. 2007). tsceausc
rr-cuLrion oi hmiiescercc is golemed in lrltfl h) a dirrlsihte phcromonr. the tolclljNt exisrs for a sub
plpulrrion ol i. rJ.,./i ro ircire I gmut dccision ro tumtnescercc in rh. tighr o.girr. Undesiardi e thc
l-,..1. l,.b.h"iu'.. t ,...... nrhel'o,r.{", J,.a .|p..h..:,c r.tcut ,,,,r.....,. 

",ihc ha.rerium lSrabb. 2005) a.d nla) rclcal me.hefisrns by which thc host nranitutiucs the slmbiorrs.

6.1.1 t( olog\ dnd Behariorofr.,(.J/opp.

r nrlrpes is a $rirary noctlrrrrl prcdald thar lbeds nran ) o. shrimps nnd pollch.etes. a.d grows
arnrn hxrchlings jusi a tis'rnillimctct iD length to thumb sizcd aduhs (\,Ioynihalr 1983: Shears_ t98E).
The ad ulls pdr.tbly l lve less rhan a ycar lHan lon ei al . 1 997i Si glcy. l9lJ3). Fematcs 1ir! clut.hes of rcns
r. hundrcds ole8gs. afd as mcnlioncd Nbore. each new g.rcrarion rntrst acquire lrs.l?ri fiom lhc su.
:runding nrarine e.r'ironmcrt (Wci aDd nrng. 1989). xldroush i.ibction is $ rapjd thxt no u i tucrc.i
-..'/. IJ\.I1lh-.. D.. ., rJ

\Io(t observations ofr. & o/rp?r arc made in ihallo\ sand) rc.i areas. hui it is unclexr ho{,contincd
{ is lo sucn habitats. We. and others. lypically use fladrliehts rrd ncrs t{r colte a imrts at nighi by
tr ldlng in Ln.c dcep wate. It is nol ulconrmon to ii nd ani nlals l.ss Lhdn a mcter iion shorc. \rneri nrcs
in sar.r no more tha. l0 clll dc.p. Howereq rhere are reporls ol, J.rt.?r\ beirg cotlected oftshorc
.:tr. rhe strdace (R. Youlg. pcbonrl conr nNrication) anl c\cn al depths oround 200m (Berl 1912). Su
nh!h nrost obserudons olr. J.rr?.J are in ncarshorc shall{)w warer ir is rot clcar rhe exient ro $hich
r ii5 ..ll.crs the ftct that (his is whcrcrcscarchef lend to look for lhcm Simitad]..se tcnd ro find 6. !.olrp?r
:Jultj on the sxndy bottom- roi up i, thc water colu,nn i hoyclcr. almost certainly thc a.imals are awrrc
!r our freserce helbre !!c spol rlt.m. $ their hehallor mal bc pcrrufted. In aqnaria. r. sdl?.r sp.nd
ion ol thoir time on rlie bollon (llolnihan. 1983), ard wc rcnd Lo assume that dris is iheir habu:
h.r.\... n would be nrost accurarc to sal thar llttle is known rbour rheir naftra] bchu i{tr.

Crnoulllging seems to be a gcncral slr eB! tbr E. r.a/rpes (Ander$n and Mxlhct 1996i Shcrh.
lejl). trh'ch mutlnel! burics or cott1 irself wirh sard ard uscs chnnnatothores to chrfge co]ors liom
r pilefte lhat is simllar lo lhc b.ckgrcund (Figurc 6.2). Thc squid can even bc ohscrled swi rning wtth
: lrnd coat. which tlre! carr apparenil] discard lilh rcmrrkibte steed and conrot (Shears. t9Eilt. Erer
trnhout rhe sand coat- llcir colurtiur ble.ds i lcll with ttre srndv reef bol loms. as anyr, c who has
..11.!r.d these rninrals ca. atlc(. Thc anim.ls also somctimcs cmir ink btohs arrd rhcn ier away. whcD
.irjit.n.d. Howeyer. l. our obscrlations rnd those of Anderson and Marher (1996). lhc aninrals rarcl\
.,i 1J.\ lar lronr rhe sire ofat cncounrc.

Lirtte is bo\rn about lhich p.cdNto$ 4. r(o/rp.r may bc hidnrg fnnn. Hawaiian rnonk seals occa
s:,:nillt i.ed or 6 r.,/o/as lcoodmanj-oil'e. 1998). and w. hrve observed lizard llsh srruggljns with
i .r.h of E. r.ol.?dl howcvcr \!c ha\e x poor urddrstanding olllte threats it Iaccs. Aiso lacking are
r'.!.^rlions of hmiresccnc. by 0rcse squld in their rnlural habitat. Every $ild caught E yrlrp?s
:.:r.tj hai h.en tbund to c bnrunrinescence: |o$c!.r, Llis was deteflni.ed upon plactng the a inuh
i:r\.ntirirehminometerardnorbyobservationsinthe!i1d.Thcrcarc.epo.tsrh.rtthcxnimats.flash'.
:a.r.lunrin.scence when dislurbcd (l4oynihan. 1983i A. Wicr and M.J. McFall-Ngai pcr$nalconurunr
:ri,.:R.Yo!ng.pcrsrnalconrnrL]Ilicltion).butthishasnotbeerdocumcDiediranarurlsertin!.

b.l..r E\ idcnce ol Mulualism in Ihis s) mhio!i!

Ih. i.h.Ii\e idlankgc ol the symhiosis for !:Jis..l.rl rppears clear. ll /is.rul is prov cd a prili-
:i:r nl.he thc t. J.alqzr lighi o.gar whcrc it grows rapidly (i<ub) dDd Asato. 199t). Nor onl)
:i: rhe! prinidcd ulri..ts io suttofi tlris growrh, bur b.cause the squid car p.cvent jnticlion by other

il

h

h

6

S

rt



^ 
I/,c Yibrio lischcri truprtnnu scolopcs Surrhilr./ Defensite Mut dlistn u9

6.-1 Counterillumination NIodel

r 1l.gi.s to aloid pEdatnrn a.c umerou! andvaried in thc Drari c crlironnre.l andcan i.volve highly
ri.ializ.d adapt.rln)ns. FanriliNr crmrples inchxle rnirnah sill lhc abilitl to camoullage theln.relrcs

ligh pilmenrarion or sl.po (h!r irnics the sumnnding srbslrlrle. such as rock or kelt heds. or the

FIGURI 6.2 AixdulrrJrr/rl.r.An!ulrHr$aiirdlrohtxilsquldJi6onLhec.tul\aidho(onr.laniquinudrTh.
-:{l.dxpp.ararcei!dueroron(lllalrl..lrromatophorcsthxraee\FnJ.dk).dn.caElarir.lldarkpatterolEddish
:l\.llLrrisIbrownpisnrent\inlhirDi.ttrr.Chr.iralofhoLtsoxn!ln]h.r.t&tdt.snallponnsrcndernrgthenrnlle
r::.\ Mnnr.cnr 1he iranlle leilrh oldriryDical aduLtspecnnei is -2 t lcm (Pholo.redil olJeilEyL. Bose)

-:i.roorga.isns, 11 rs.l.r, cells world appear to harc lhe host imn ne sysl.m .llictiYcly Prolcctjng
i:m trnm prcdalory grrzi g orcoflrFtitive rnlibiosis b) oiler nricrcbes. Morco\cr coldrizati(D ofthc
: nrl.?.s lighl organ is not a dead end. lach nlorilng lhese sqnid sctLlc to thc boltom. colcr 1c]n

::h.s silL ra d, a|dlhe lighlofdasn lriggcrs theexpulsion ofnx)st vrfiJ.r"ricclls inlo lhc crliror
.::nr (Boeuclrcr cr al.. 1996a). The 1,: ,J./ieli lcft behiid grow to repoPuhlc thc lighl organ by dusl.
lr:\unrdhly. h.causc ot lhis diLnral "lemirg trcccss, y,r tfn., i poFlrtxms are rclttilcly hiSh in hrbi
::ii occutied b) , s.?1op.s (Lee and Ruhy. lll9:lb). Iiurlhcr ccojogilal studies (Lee xnd Ruhy, 1991a)

-.pnort the thcory lhalinl[eHa$,ai]an rceis occupicd b) r. r.!1.?r\, the rbilty to coloniTe D( hon i\
.:rong selecrivc lircc on yJ4r.n.r;. So. while ll /ir.heli can be lbund in many ma.ine en!ircnmonLs.

:! popula rns appcar to bc cr anced b) E. j.D|af.J.
Pre$mrbly. rhc host rlso benents itoln dre dssociatior\ and ihe !: /r./r./l E. i.DlatcJ symbiosis i.'

. ruual isn. Thc ,. s.olrp., \ lighi orgrn gnrws lld rai ains a monosPeciilc cullurc ol v is.hel and
-rrrhe mednl to conlrollhe relerse ol itsbidumi cs.ence. Nloeolcr, wc (rnd oficrs) halc obscrlcd l113t

-::.iied anirnrh rppcar io clear rheir light oryans ol i':y'r.i.rl symbnrns altogcthor, suggc$ng that tc
_ ir has rltimxle conrrol a d is not sutterinS rn unrloidrble lntectinr. The s),mbi(tris p()b.tbl) ftuvidcs
, rJefit lo E iili??J b! gjvi t it a contrclhble $u rcc of biiru m i.escen.e lbr $nre behavbr. ind LhiJ

: usuallv rtt.iblted to r camoullagiig "cou nteriUumiuitlion ' beh avior nrentnnred Nhore rnd discusrcd

i :rearer length hclow. Although an rdditi{mil nulritional or other bcncllt of lhc stDrbiuns cannot br
_,kd oul. r. s.rlrp.r raised IhNBh a complolc lifc cylle in lhe abscncc ol ll Jir.*./l did trol dppcar lo
.,itrr duc to lackols!mbhnts (Ch.s and Dunlap- 2000).
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rbilil! nr hul] i o sand ol hide anlong rocls. Hose\er. ]n the opcn ocorn. rtre atrilil\ ro ..tride, lionl
tlldilors js rlilllcult. gi\en the l,tcl ol nrbsrrure. fu splte of this lillculr!. mln! nresopehgic orgoitsir\
includmg lumnr)us ii!hei. cnLst.rcclns. rrd cefhxlopod\ ha\. lounl a srt ro carlor llag. rhenLeh,es
byproducug light in disorte lEgiorr oltL.irhod! (Chfte. 1963r 'l his urc ol 1i!hr li cill.i counrorjt
lu,Iirulion. shich is nrost otten ulcd lo dcrcrih. the rbilitv to mnt.h dri\!$rllirS ligh! usins \.nrraU)
dir.cl.l lLrrnin.s..nce iDahlglln. 1916r llarpcr anll Case. lr)!!r l-au. 1996: ll.Fall \gri d M,rrin.
l9!l: \!rm.r .t !1.. 1979: Young. 1977). h thi-! trr\. light podu.rion alo S thJ \cnrml sura.e ol rL
orlxniin .rn he used to hide lh.: rniDuls silhouette if rle$ed l.. bclo$ io the $rter cotlL trr

D.Fn{ellifg lighl irr r|r rrte$p.hgic Tone is onidirectionnl nnd tredicliblc in iri qarelengrh and
los lfrersily. bul i! llnllo$ waror lighr ls nnre vrrixble b.th i. quaftit! anl qr.lir) Nldeover. ll!hr L,l

slrl[trr $alcris ru]tnlircct ionrl ow in: Io refle.Iiof. shadoils and \NJacc ctLcrs. This Nrentlxlh,en-
lcrs cou ldiilLunnraim r morc djiii.ult straleSl tn. sh rlloq'lrater a. inals lo uic .l la.tilely HoFeler'.
M.Fall Ngxi a.d l\'lorln pro!ilcd conyntcing o\trlcncc thrr counrerillLrmiration b.ha\ior d..s o.cur rn
slhlloi! slter leio!nrrlrld rislrcs. ,rllhough thc) sugg.st lhxt 'disrffi\e ]lhnrl,ridon mighr b. ! betrer
desc{nlor ol lhe moltlcd app.! nc. thrr thc \.nlralbidurnines.ence lnrpans o thc rninuh l\'lcFnll-
\gii and \,1orir 1991)

'1h. concrpl oi 'disrutri\c illuminttior" is an inrto(ant distincdor frdn most disctrssioni ofcou
reilluml.arion. ,rfd il nu) b. cspcciall) r.lclanr to Lhe rlle ot rhe E. \.,1.?er lighl orgM. Ho!'e!er. t.r
nrorr pa $,e ir'.ill rsc 'courlc llumimLi(rt'to rnconrfxrs fxrtlel .r !omplcre illumiintlor. disruttne
illuDiia rn. or inlcrrriltcrr courNrshlding. sirh rtre c.nrnr)nxlltY to all of llcsc h.inS rhe ahilitr of
ilre aninral ro pr(nilLce lisht thal rimicJ rh(jr nirurndrnes to $hrreyer ertent, jrr ordlr ro camNflrlr
thenrsehes Onee{!e lon is lhat oft|. cookie cullcr sharkliscusr.d ncxt, where canroullacr ir nor urc

apparenr role olcoLrntcrillunirllion. h g(ncral Lhoueh tr. s ill usr 'totrnte.iihni lim" in..l.r.Dce nl
ftli]r! b.hiiors. .tnd *r will !m.lim.s usc ".dmoufugin!" in (niunltiof niih'-coun[rilhn]irrrion'
lo r.inlorcc lhis Llinirc&rn

lrlcral lacrors n!) c.nrributc to rhe eile.ti\eress of cou.redllumlralim. ll ha\ b.er rrgued thal
ani$r,rIs slou]i ha\c marr) c\c y ljstibu t.d light u r.cs. bc.ause dose Fitlr tt]krr or l.ss distributed
s.urccs ol brr u nftIcscctrcr $ou1d b.l.ss lblc to pn u.!rne\cntield.tlight,ui uizirg or regatirL!
an) lanroullagirg effect ol counlcrilhninllion (JLnnL.n .t !1.. 200.1). Clonsine $ilh Lhis aryunreir.
counte lllnnlmrior is usuall) rrlribul.l to rn !r ) ol !.ntr^]]y dire.ted thotoplrorcs h /1drnr.rzrrr\
lrijrl. Ior .\a rplc. mrn) smrll light orgdns lrc scatlered o\ er the renn'al surl_ac. ol thc hod!. h ead. and
arms. lloq.!cr llrc nnjorir\ of s|rll(N $al.r Iumin(rs xliinrls. inchding l. r..1,t.i. hrle a sinlle
lighlc rilline orgxD. tt ha( al$ hccn fornted out thrr ette!fie c.unterillLr riDlri(rr should minrlc both
rl. qua lit) and rL. qurlitl (..g.. sa\.lengrhl oi dorvn!'elliic ilght (Johnsc cL al..200.1: \'I.Fall-Ngii
md i\lorirl l99ll OthcrtriJ(. hminescence could hr\t the opposlte eti.l r d bccoD. an rtnacta,I lor
prcri,rlors. |ilr1\.11( habits ud !isua1&uil) oithe prcdrld heing hidd.r froxr rr. impoftanr.

6,1 Weighing the trvidence for Counterilluminafion and Other \{odels

6.4.1 Does tight-Organ Anatomy SuggestCounterilluminat;on?

'thc id,'a lhil lh. t. !./rp4 lishl organ liDclions ir counierilhrninrti.d gnthcr.d nnnncntunr Ircnl
!lose c\inrinarlof ol lls archil.cllrc (llclrll \eii and \I(nrrcomeD,. 1990) Th. ligl\l org.n is sirurted
in rhe nrairle .arit! tusl \efrral to th. bllk of l|c ink src. rnd jl it oriented such th,rL ljghr is cnritted
lEnlrally The lighr-organ cr)pri occupi.l hr, biolu rincsc.nr symbnnxs a,e situatcd bcttrccn a rcflecrire
layer ol Eflectln Nioth lalrook s cl !1., 200.1) and r rnus.le derived lei\ (Montgom.ry dnd NIcFall-
\!.ri. l!!2). qhi!h toget|er atpear 1o dirccr rnl conxol \.nrrll light eirission. lrr th. xdult filnra1s.
rhelfk sac amarentl! ca bc dra$n!rcrnd lh. light orgln. perhats ln rh. nunncr ola shufter, and
aiaronri.al obscnado s oI rc\cral llxcd sp.cim.ns suglesl thrMntrolbd rrolemcnr oI rcllecti1e ti!
suc ,rnl nlk sac di\crlicula co!ll nuluhlr th. .mislnnr ot light (\I.Fall-Ngai a ,l Mungonrery. 1990t.

thc aNnals m!) !1su bc ablc ro co.trol lumin.sccnc. b) nrduldting the o\rgculion oi thc iighr organ
(Boeftcherei al.. l9t)Ob). 1'l'is could clicli\ cL conlrol lu insccnccb.ciuseoxUenisr.feotlhrrercraDls
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FICURt 6.3 Baoklitiuv.nilc a. r.r/rtcr. Thl\ nnnnal has l.traded iB chtun'atolhorcs ro snrxll l.i06 r.ndciDe its

.ir lclargellrransluceil A shitcarow poinls tolhelirlht.ean and i.I sac. The orhcr lmnrin.nt drrh (opaqn.) shadcd

.iru.rures ar th..y.s Th. mxntle lensLh !r Lhis rr_ti.xl hxt.n[ry juvenilo is _l l5nnn (Pholo crdit ol Darn v

9l

rlthc vr4r.n.ri lucilerasc rcactior. ThLrs. the E. s.dlrp.s liglrt orga. has elenrents consislenl sith
rounlcillunrinatidr. spccilicallt a controllable vcntrally cnrilied li3ht.

1n al least one respcct, lhc arclitectrn e ofthe lighl orgitn seenrs inrPertactly adaptcd ft)r ctmouflxging
rr counte llunrination. Thc C. r.rl.?.r lighl orga do.s noi cover the cntjrc undcrs c ol th. rnnml
iic {!y multiple photophorcs of some me$pelagic squid do. This would arguably rcprcsljnt ! poor o.
:rcomplete counterilluminafor appar.rnLs. On Lhc othcr hano. symhn)tic lumincsccncc woukl p.o!nlc
:.u terillunrinating colcr for a large ofaque nrcturc irr the squid.lhc iDk sac inlcgrallo lhc lighl oryar
:his is illusfated $ith aju!c ilc in Flgure 6.3), which Inight rovide x selccli\c adraDttgc

5..1.2 Does Host Behavior Fit the Count€rillumination Hypothesis?

-: is diffcult to say whcthcr r. r(rry)?! behalntr supports the counterillunrination hlPollcsis simply

...ause ltry little is knowr about ihis animrl-s bchalio. As discussed in tL. llnal scclion,.tnswcF
.! many qrestions about the hehavor and ecology of r. r.olq.s would hclp pul ligll organ luirlioll
- a atural contexL and jrforrn our discussnn ol its potentjal role(s). At least it seems clctr tlut
:. J.o/rper is noctumal lnd spcnds at lea( sonre timc in lhc waler colunrn. whlch is consistent wilh

onc lrysic ous behavnrolr. s.rlrpeJ deserves sp.cial cnlion. Muhiple inlestigators have seen

: n'rl.?d\ "flash" bblumincscence (Molnihan, 1983: ,\. Wier rnd M.J. McFall Ngai pcrsmNl

: rnmu icatioir R. Young, pcrsoml conrmrnricxtidr. Ttpically. in situatbns when thesc rDimlls wcro
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sc\.rcl) diSturb.d or rrughly hrndlcl, l[cy ofic re]eased ink. This suggesls rlrr [lashcr might bc rn
attenrtt rc disrract or contise predrnns rhrt gct loo closc. pcrhaps as parr ol an cscNpc nspoDt!.
Ob\iousl), \isible flashes arc inconsistent rvith camoufuging. and il rra) bc that flashcs rcIccl Urc rcal
role ofihe light orSan or that rhc light organ has rwo vcry distinct roles.

6.4.3 How Conclusiv€ Are Attempts to Measure
Counterillumination in E. scolopes?

.lones and \ishiguchi (2001) have prclided lh. mosl i portanl and convincing dnta tbr evahaling
couirerillumnrati(rr in tlir V.ltcheti E \cohpes stilbnxis.l'|.) llaced adull E. \.t/rr4r in snrall

chanrhers and plotrcd r LD imoun! of light em iltcd Lio I ll]]i] aninrah. as a hr nclion .f the ! nten sit) ol thc

downwellinS lighr. Io lillcrenilate the rcom liShts lio animal biohmines.ence. the olcft.dd lights

were tu red ofiaDd animal luminescence was mcisurcd inmediaiely thercafter. Controls thrt includcd

chamhe$ withour aDimals ensuled that fhosphorcsccncc of rhe seawtter. which rnight bc cxpcctcd t!
coflelatc $irh olcrhead light inlensity, was nol illislake. rb, hnrumincsc.ncc. As prcdiclcd b) |tu cour_

rerilluminrtion hypolhesis, biolunrinescencc rclcased tiom animrls wrs morc inlcnsc as Lhc intcnsil!
of rhe overhead illunirution was incrcased (loncs aft Nishigrrchi. 2(X)4). An exccPtion to tltis w.t!

observed xr the highcst light intensities. {hen animals hcgan to dinr lhe luminescence the} emitt.d.
Although nor prcdictcd by lhe cou.rerilhmilation hlpolhcsis, il seems tlausible that 1tt uncomnDnly
perhrps rrrillcialiy high light intensiiies &c arirlals woLrld no! be able to match the downw.llinS lighl
and would .hrndor counrerillrminxtnnr bchllior. Mo.e inrportantly. this obs.nation hclps lo validatc

rhe experimcntal sclup. because it is unclclrhow an) .onhnrqical cxPlanalion lor lhc dalx could yield

rhis rcsult al high light irtensiiy.
Two results ol thc Jorlcs andNishiguchistudy hi it eitlrer the inr perlecti(nr oi countci lluminalio or

fie rechnical dilficulry ofsuch exFriments. First, alilough hminesccnc. cmittud by ftc a irrals corre_

hrcJ \rith the intensity ofdow.sellirg lilht, thc rninal lunrinescence apFar.d dimmcr |han thal oI llle
dow *elll n8 li8ht 0oncs arld \ishiguchl. 200.1) Howcver. evei i mperlect mrt.hing ol lhc downwcllirg
lighr (jmpedbct.ounorilluml.arion) nriSht hNvc a $lecln'e advxntage over no couDlcrilluminxlion
Nr all. Also. it is imporkrt 1.r renrember ihxl anim lnnirescence was mersurcd rli.r thc lighLs wcrc

uflred o1l bur prcsumahly heibre the squid could react and rlter thc lurnincscclrcc.l'hcrcforc. arunex_

pecredly qu ick rcaclion by lhe squid could crplan dis aslect ol dre daLa This b.nrgs up a sccond .csul
ot predicted b) lhc cou llrilluminalion hypolhcsis: sometimes aninrals wcrc rcmar(.tbl} sld! in dnr

mirg ften hnninesccDcc atlcr the lights were tu.ncd oul. h such anim!l!. lumines.en.e co.tinued Lr
N mirulc or more atter llr ligl1ts wcrc oul. This seems to bc I courle[rodulli1e behavior ftr rn !ninra]
lryirg(o be stealtht.butOrn again the animals mayncvcr(ol rarely) encounler suchitupid aDd ab$lulc
chmgc if lighl inteDsit). i rlalure.

O!e.all. rhe trott oI Jo es ard Nishiguchi ntu Sl] lufporls the counlc.illumiD[ion hyPolhcsis]

ho$ever, 
"kef1ic1 

can sdll point to an ohrbus gap in our obse^atnlh. Sl,ccillctlly, lo our krNlclge
iotrodt has phololocurn eried counterillu lni atiof bt, E. !.D1r,r.s. cificr in t[c laboratory or i I naiure.

At l.asi in the laborrbrr" ihis nright seem.!s). by siruply putting t. J.rloleJ in a clca.botion coniainer

a d liewl.g iI t'rom undcnlcat| wilh dinr dillusc 1igh1olerhead. In our c\pcricDcc, howclcr. ani rals

pul in this situatnu a.c prorr to simply sittlnS on lh. boltonr. with thei. r.ms curlcd undcr lhcm dnd

th.ir chronratofhorcs darkc ed. P.esunablt, couDtcrillunrliatlon sould bc mo!l usclt!1 whcn thc

arimals are up in rhc waier cohmn. and $ discussed beloq tutur. wor{ aimcl rl licwing ari als

behavinB in this w.ry could povide importanl irlormalion.
ft is al$ worlh noiing that to orr kDolvlcdgd lle s'avelenSfh olliSl1t cmiltcd frcm r. r.o/rpci has.ot

heei compa.cd Lo lhe backgound light in ils habita(s). This is imPorlant. bccausc for drurlcrillunina-
ion to he an cll.clilc canrounage it nrust prcsumablr- nrarch the backgrnmd bolh in nrtlsily (ls Joncs

and Nishisuchi casureo and in qnalit). Mo)dhan (1983) reporl.d that flashcs sccr fron dislurbcd

squid afpea.ed grcc ," although se hxle obscrlcd the extecled bluish light cDrittcd bJ bactcria in
,. !.on?.r julcnilcs (Slabb. 2005). II seems unlikclf tlra! a greeD lighl sould cllcclilcl) match lhc
backgrolnds ee arc trmiliar with in the shallow sandy rEeis of Hawriir how.\cr mct$rcnicDls ot
lhc emirredliaht rnd c lironmeiral lighl a.c nccdcd to resolve lhe issuc.
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6.,1.4 Counterillumination ls Not N€cessarily a "De{ensive" Camouflag€

9l

: .ountcrilLuifiririon is used as camouflagc h] f. j.rr??!, this might rcll.cl an ottcnsirc. raficr th,rn

:rl.Dsi\.. strrteg).l]. r./rt., might us. countcrillu ifalion to hide tnr poLcnlitl prc]. llo$c'cr, il leasl i l

rtudri! \re hr\r nor obser\d .E. nrrhrs ipprcxch thc l)rey lilm rbo\t. Ralhcr thct sccm to rll ack horizon_

:.11) with thcir lentacles to crptu.c shd ps.1l is also urrcerllir wircllterrhe 1ret that E Jdl.??s feeds

:. sould bc casier ro catch iIArc squ poss.sses a venlrtl counlcrillunrination mecharismi ho!vc\c.
:llh$muchu L os. aboutE. i.ol?"s bchavior (e.9.. itsfecdi glabitslndeeper$atei,itisimpos
. rie to rule ont crmouliaging counterilluminalidl a!.rr oflinsi!c slrategy.

6.1.5 Alternativ€s (or Amendmenis) to th€ Counterillumination
Camouflag€ Hypothesis

:: E. er?.J docs nor use biolumincscence in a camoullaglng countcrilluminado behalior. or ifthi\
. noi rhc prnnary selectire ,rd! rntrge of sy nrbidic biolu ri.escence. lh.n wlul mig ht be rhe m r in (n.
: rh. lighr organl Pnrposilg allcmate answer to lhis qlestion mr) prolc to be a uselul exercisc, borh

:: pre\enring lurnel-visioned inlcrpretatior of e\islillg data and b)' poindng futrre researuh in new

::::.rions. Bclow, we discuss a lcw possible uses ri)r thc liglrt orga. othe. thm as a silhouctie_obscuring

riotrfla3e.
E. J.rlrf.J niglt use counlerilluniration as a prcy altrlrc{att Widd.r prcscntcl c\idcnce thal lhe

: r-.lic cutlcr shart. 
^isllrr 

brasili.r\h. nses couDtcrillu,ninetidr not to obscure ils enlire lenl.al sur

.:J. hul rathe. to obscurc Nl1bul an inrage shaPcd like a snraller lish (\\idder. 1998). She .oD!incinglr'

i:u.s tharllis nright bc uscl as a llne nr xtlrNcl predalors ofsmall isl\ itcluding the swordish.lunrs
.rJ pory)iscs fiat Lrdilll.rslr allacks. It is not clcar lo trs whclltc. a distincl luli.g inra-ee woulLl h(:

.i..luced h), lllc slrate ot' rlrc f. Mrk?r\ llglrl orgar]- bu! \!e cannol rule this oul Noiablv. this mod.rl

:::Jr.ts the srn1c sot ofcorrcladcnl beiween ambic l light and em itlctl luni,rescence thatwas obscrlcd
_- lones rnd \ishjguchi(200,+)

\llernati\cly. luminescence ,rcr sc. ard not rhe cou lcrillumin ion ol a panicular alhri ng shxPe. might
'! uied to altract prey. This would sccm lo be a risk) ptuposilion fb. t. tcrlrP.! huning in the water col

1n. I rr/op.5 nra] halc dcfc sile stmtegies oftcr than a()idirg dcocrion. hut these rre noi immcdjxlclv

..rar.nr (c.g.. it lacks spincs or kro\{n fedatd'dctlrlriig toxins). maling stealth an impo.tant asscl lor

: rd?.r. oll the other hand. il sccms plausible thal the sln'imp or pol)cluctes lhai E. !.!lol? ! ia.ds ou

.:hr disfhy pholota{is. and with so litile kno$1edtc about the behrvntr and ccoloey of tr l.rl.?.r we

-:i olmie our lhc possibility that ,. 5.d.?.5 evloits sucha b.hario.oliis prcr,.

P.rhdps. thc nrosl flausiblc allcmalive model iar thc rolE of the ligh orgin ccnter is its fotential to

'.ih hdghtl!.  s nre.tiored .bo!c. such flashes halc bcen observed whc a imak werE colle.ted or
- . d ir catriyil y (l\'Ioy n iharr I 983 i A. Wier and M..1. llcFall'Ngx i Pc6on!1 comnunication: R You.g

:--:ional conr ruricatior. Thc abiliry lo llnsh \isiblc luminescencc co!ld sugge( a Iole in inifusp.ci!s
rmunicatio!: howeltr, Ihe lacl lhai lt has been ob{rved when Arc rninals are distrn'hed (e.9.. Ph).,i

: 1) grrhbcd) suggests a (rc as a sla.iling trctic (Herrin8. 1977). ,\nolher seliolid squid in Haliii,
,:ttu1eu tis ha||uii.ntit.found inope! ocean walcrs at defths olup to 600m, can Lrse ils liSht orgNn to

, :lte a gl(Ning cloud ofhacteria mircd dth mucus (Dilly and Hering. 1978i Yoorg, 1995: Younc Nnrt

1 : :er. 1976). ll r. M?/.?(r can cmil a brief fl ash ol lighl l! il h or w ithou l cipclli g bacle al svmbiorts.
- ! righi bc uscd to nartle or conlusc lhe lredatus. Like the exPulsnD oI inl blobs by E. sdr.z?r

-nJ.6on ard Nlather, 1996).lhis behavior could bc lNedon.e crmoullage has failed.

fh. biolu inescent dcLnsc rcstonse of H. ,rrdinrrr:! mr) bc uscd in addrtion to dre likcll usc ot
:. iigh{ organ (and nrulliplc ligll organs on its trnls and hod)) to ca louflage its silhouete during rh,:

i. Ielcl lighl of dusk and d.$r whe. ft nrigtulcs lo shallower wrt..s (150 200 I]r) lo fied (Dill] rnrl

-:rLng. 1978i Youn3. 1995; Yourrg aid Roper, 1976). Thi! undehcorcs tlc po] t that E. r..l?.! ma)

:: us light organ tbr durl rolcx, and both counterillurniralion and tnothcr bcha\id nu) hare selec

: rdvNDragcs. Or tionr anollrcr pcrspecdle. a flashirg behalior migLl bc lhc sclccdle tb.ce driring
:...1.?.slighlorganevohtnr.bullltlsmightconrcatfiecostofarcl.ti\cl)largcopaqueslmcture
_j iloxld mNkc |he squid rnorc lisible 10 predatus. hul b! emifting a dim cou l.rilhmlnxtit8 lighl



D.tun\nc i,l nulien in Mi.trhitn Sihhh\is

$hcn the Ilashing beha!i(r is not m usc r. r./rlq.i DrighL lmcliorate rhe disadvarrtage ofhrvirg r lighl
o.can. Asail SUch a scenario ivoukl bc consistent with lhc dala. .Jones aid Nishigu.hi (2i)0:1) r.po.tcd

data {p|o(irtg counrerillunrinatnm. and tcl counterillLrminalidl may not be the prinu.} pu.Posc lor
rhe E. s.rlrper lighl oigan.

6,5 Future Dir€ctions

Nlarry big-ficturc qucsliors reSrding thc y i !.h.ri a. s.o/rP.r sl nbiosis rc ri ur a. swered Notablv,

as discussed in this chrplcr. rhe rnnctbnal sigiincancc of ihe light (rgaD 1or thc host is uncerain

rltliough cvide.ce poinls lo a role i! canlouflaging b) uounteillumiralion. lulure behavloral and

ecoiogical ,eserrch o t. nirl.r,r.J ru ld be $elcomc a d could shcLl light or one of the nost ccnlral

issucs ol lhe synrbi6is.

6.5.1 The tif€ and Times of r. sco/opes

VaD) tundamenlal qucstions rbou( dt ccolog] rnd bcirvior oft J.o/rper renrain opaquc. How ru'h

of thcn Itu is s,renl in shallow wrtell Do lle,\r olien lcrlure deel)er? Can rcpons of E. n,,2.s in the

mcsopelagic zo.. bc slrbst.ntialcd? What are the] lcc(lirg on iD such habilats? How much limc do lfiey

spctulin ihe wat.rcolumn oron thc boronr?What is tle quality olthc light lheir envircnj] Docs tlris

mr|.hlhelightlhcycmlr?DothcyhuntLxch6ivelyintltewxte.cotum:'WhataIetheirmaiDprdalors!
WId are the hunrilg techniqucs rnd lisual acuily oflhese prcdlbrsl Answe.ing rhes. qucnions mav

nor bc easv. Obs.rvirg the natural habits of thcs. nocturnal well camouflaged anirnals hrs oblious bar

ricrs. Fo.examplc, ilwillbe{lilficultlordiler lo tollow ihe nighttine behavnn ol tltcsc ldmals wiihout

disupliru rheir rcuti c. Remole ltggi g and n|cking devi.es xrc probably tot tersiblc. lhough the

adlent oI nanoteohnologics and miniaturization could lacilitate such.tppruacles

Onc rcclnoloSy thalcoukl ptuvido ! powe ulnx, torstudying, r.o/rP!r it the etvinnnncDl is the

use ol aurcnomous uDdcrsaler vehiclcs (,\UVs) Fidopiaslis and Clark (pcnonal conrmunicrtion) hxve

ptuposedlhrt rNbol\'ilh thecapacil) loswim and crawlnrighib. raired ro rbllow E. r../rP.r indivtul_

ual!. nronltding and recording thcir bchavio. This pronises to bc nluch less distu.bing to lhc a inrais

tlran observ.rtbns by humanr. and could yield uDparalleled insighx inlo tle beharbr oltr. J.,l,Per orer

a raDgc of envircnmcn$. Reinotel) opcraled vehiclcs ltale heen uscd lo monilor rnarine rnimals such

as ellylsh. afld AUV tcchnology has irccr au)lied 1o tracking hass (Zho! cl .tl, 2007). \t(neo!cr, an

AUv was used to measurc fattetns olmarine hnrumiDcsceNe (Blackwcll cl a1..2002) It'anAUVcrn
be Lrincd Io tmck r. s.r/rla,r individuals and poteDdall,"_ to nDnitor lhcir 1u minescence. this has grcrl

Dotcntial for ansrvering many rnrenr\cd queslions aboul lleirhehalior.

6.5.2 What about the Flashes?

Thc fact lhat E. J.r/.".! occasiomlly enrits bright llashes mav belie the true linclion of the light

orgint howe!e.. obscr!aiions offtisbchavior a.c rarc, andto.ur k owlcdge it hxs onlv bccn obscrved

in disrLLrbed caftirc rdnrals. A squid tracking ALV mighl bc rblc to document iashcs i lhe wild.

and lo dereflnine thc bc|aviorolthc alimalbeiarc a datte.thc flaslt. k itusedwhc. thc ani als are

llr.ltcred hy a prcdrr|(n? Is it uscd in conlurctiD Nith the.elcasc oI ink? Do the animals chmge their

s$imning direcLion i an eraivc mlttr er lbllowing a flash? Do thc flashes hale a tenPoruv bli ding

or distracting.llccl on a w(m1.1 bc prcdator? Or arc llashes used rs itttrasl ecies slgDals pcrhaps elicfting

sonre rltogcftcr uiknoB! bchavior? Any obscrvation ol lighl_organ flashing in lhc wlld would he

renrendou(] i rporrant.
ObseNatbns of flashinS iD thc laboraioty Drighl also prcridc insight into the function ot thc llght

orgar rbr E. J.alrpcr. Because rhc llasltes seem to bc rarE. it mav bc useful to set uP r digital inrge
recording st stem lhNl nonftors the anin is conslanlly. dcleds flaslts, and lhen sares the data hcLrc lnd
rllcra fladr e\cDLr\ clearbottom mnk cotrld bc uscd with acamcra (o. n.ray.f canicras) so Lhal obser'

!drnnr could bc lude of lhe anilnal's lentrll surLacc. althouqh lashcs $rould he detcclablc rcgardless of
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i dre admals d €ct ltum. To test lhcrherflashcs rrc used nrdctnsive rcsponses or commu nicition.
: j ill probably be rcc.ssrft ro placc n triptc {triid or trcdabrs in the samc lank. Fhich cortd r.qurrr
. :luli\ch largc scru|. AlrhoLSh such r. .rpcrinrerr ts nol wilhout ohstaclcs. it coutd ).ictd inrtoianr
:.:r an'l 

'ni!ht 
be casicr drxn obscr\rriurs. if i1ur.

,t.5.3 More Tests of Counterillumination

'i. conslcuousl) missing !icc. ol e!:dencc lor courtertttumiutio. br a. r.r/o/.s is rhc 1rck of
.. lnracc docunrenting rlis cllicr. A sqril trrc(iig AtrV rnjghl c.pture such rD inrage tr ltrc cnvr-

im.rt. qhl.lr rvould prc!jde rrmng support iar rhts thcory. Howeler lrarclulh cmted labo[t(n]
.:rdl.s mishr pmvide snrifur and c.mlelling c!jd.nce. As notcd abo\e. anjn]als ohse.\.ed i clcu: ilomc.l conral.ers t. d ro sjm|ly sit oo lhc houtnn. A clen.bolr()mcd rrew.r! \!irh $.xter florirr

ccor D".ri. t.r.lr.T.,.." g .,. i"',r,.,
JJrnealt the swinrfttlg t. s..r?.i. Altcrn!ri!cly. r useful lctup mighr iiclutc I .amera u dcf

1:rrh a clcar boftonred contril.r ser to caprurc scvcral houN wonh ofimaees. or to bc lri8gerEd b) ttrc
::.Iionollhcaninrals.I.th.uhs.nceolahurra inlcsliganr, the ani rls nrav elcnturly teai,e rtc_ !io r (c.9.. n) .afiue trc) or in|te) and could thcn be ri$ati7ed. Scnsiri\e digit.rl caneras capahtc
'.apluring 1(^r-lighi imagcs could documcnr rh. s!uidl stlhouclrc a.d wheth.r or nor it ts obsc!rcd_ ;ounlculluminatiotr.
\ nrorc advan.ed appxRtUs rbr nreasuri S counrerilhunlnarjon \ould also bc useint. ifcounrer
!minalio! can be ellciied b] aDim^ls goiirg rbour rctrtirety nornal h.hNyiori in &. trhorntur)
rr such rcrhodology that lt.rs bccn cmploted lr(nluclilcly is ro use ar o!.rhea{l lighl ltral foridcs
trnrl.alior rhar is seen as connlnl rh. rnlnrals. by thrl is actuattv ,.choppcd' inlo shorr burns of

:hr. such thar r phoionrulitiplier dcrect iet'ourolphasc''$irhtheilcidcx(liShr\rltlmcasureonl]
_i.ou.rcrilluminatior (Lrrr drd Case. 1992).lI rhis way. qua.tirarivc nr.a$remcrus ol .ourtcrjl
r]inllior.ar he nrade on anjnrals that ar. rrot lorccd innr..xnrted contires.rs thc) $cre in thc

.rp,rralus used hr Jones arrd Nishi-suchl (2004). rnl ir may pmvide a tclling picrNe of mtuml courr
.:llluminrLion hehallor.1.or curnfle, rhe apparc.t undcritlunlfarto b) dnimah obscn.cd bv Jo cs
. J \ishiguchi nral simlly rancci r penurbidon oI rtre ontmats as$ciatcrt wirh tufing rhem ir rlr.
: ite.inerlal apprral!s.

The uld rtc prDf that canrufuging pmlldes a anripr.drftn.y setecdlc rdvrrxagc woutd be ar
.:ibgicil prcl study if shilh Z. J.alrt.r rrith lunftrcrccnr s)mbiotic baclcir rrd adl]rals miied ililh. lu incscent synrbiorts or no symbioirs arc pr.scnrcd k) rn approprj(c pedator and ir ai eoriron

.nl th.f nrimics th.ir irturdlore. Such erpcriNonrs aEobvioush dittlclttro sel upihowerer, luchrn
.rfroach srs used to dentorrtralc an rnlitredaror) cllccr ot cou.reriltu in.rion in itc lidr prrnrrl.rr

',rrrr (Hrrter aid al c,1999)Aporentialtr)r.dlLuintheseexFrirrclscouldhethcljrrrdiishoIth.
irfoionli.lae tamily. which wc $rspect nr b. .rx irnporrrnt na ral prcdalor of E. \.rlrl.r. rtthoush
.i fotcd aho!. nxE resenrch nccds ro he done h this rcgrrd. Such experincnts souklncrd to be dore
i irh pooh of aninrals lsolatcd 1rnn one.rnothcr, so lhrt ctuss contarntiilion ol h,nincscur balieria ro
. !ilu irus animals cannot occur Thc xnimals $ould alr hrre to be morirorcd closctt tar totential
=.r\hing b.hviol. to dlsli guish rh.ir possiblc anliprcdlr(tr! ulue tiom thrt ot countcrj uminarion. Itjr.. conriicingll, such c\pcriments could sclllc rhc isme of rhe sclccri\c adlanlagc ot svnbiolic
.rolumines.ence in lhc l1J4!.rcli E. !.r1.4,.! murualism.
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