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Murlm• :\fr:mmu! f<<tkr(u ·cl! l...htil, F h•llt•nc·.v Cr•llt l't', Um'l•<•twily t~{IJri!iNit C:fduu:h1o, 
t)Jt/,'i lft{~M~:i,·al $( ir··t:a:.-. Road, Vtwc't)lf','('' · Htltt\h Colum bia. C(mmla w>·t IZ4 

A IH'IJ'UI'I l) ul'lnp .)prin(t. bOJ hor !><:a )): /'lmr ·o I itu!frm 
({",·c1 at nigtn undc:•· twv ht·itf~es ~t>anning t.bt> l"untlcd;!l' 
Ri\'Cf' tn Cow l('IUt)'. Odli.-.h CoJumbU. Can.;.lda Pmi~ 
liOOi."dJ-,;n~llel to tHIC ar~thcr. "''-'"lt"l side u.-p. t~ sc::als 
foun n lcedtn~ Jut\! ::u:•v-e:-. the "'"<.( \Q mh!f'C("pl thou~ 
:.ami'\ 01 nuHni~.t~tltn~ ~llnl('nhl sntc>lls. Ourint a ·I · 
Wl!t:k ~r-"\'oiiK)U 1>cnud II' lbc !lpring Of t«)CJ(). \\."{' ;II• 

tcmplt..'<l w du:ruJ•t the !i'Nh: fexdi.ns pauern.s b)· (a) tk 
rln)'HI}! a •~ch:mi~al rct•dm~ I>Qfrier \(.'Od, linC;I, lb~ al 
f('tinl( tit.; lit~;htm;: ~ondllt•MI~> 1ligln~ una bc'idgc wet.: 
h tf llCd u((), llnd lc) inl}{<tlhn(! "' '' :.•('011'>11<: h:.ua,o;uu:: nt 
device. W.:. c·,,,md .~OUMi t hardS"): IIIo:!llt 10 b'-1 the llltl'l l 
e fl'<•(;l 1\ C lctl-.hfl l) ~\ch;; l'l't.:U l Q f t he C.llhl.': l' I WO d\.\lCfrCill l'>, 
turni n (' <lll t lo~· 1'1tiol t;~,c llght'l w:t$ mo•e cftt•c:l i \'e tiHu' 
d..' J)\<.~yi nf !I ..·w~ li ne. which h::ul litH..: dfc<:l. A.:.ou:-.t i..: 
h~u·;l ):<i llll' lll d l•V I(,'t;,_ nrp \.\;11' 11) b C the IllOM effC~I IVC , 11011 

lclh:.l •nc ntl ll hlt' w<JI.Cc~iug. JU''C.'.Iti lc l'>~• hnoui d•: l'f<.uu hut' 
hur :.c<tl J'l\ ' tl lil l(ll! in I>Orti<m:- of the J>uniiCJt1C ni V(: I'. 

~atur:d predatOr's that prey upon both ot.tt~uu 

gr.t1 ing ;uHI rctunung :! f1adromou~ fi~h <'t"lll dcll'i· 
mcul~lly of(,x-1 Ihe :-.ur\'ival of dcpn.:ssed fish pup~ 
ulalion< (llou <I al. 1990: Fraker 1994: Ole.<iuk 
tt :tl. 1995). In the rwrlheast Pacific. seals and ..ea. 
li<\nl\ nrc conrnwnly o~(\·ed feeding on rcaun~ing 
adull P.,dfi&: ~1hnon Om·orltym:Jms spp. io ,.;, ..cr." 
;md C'ltuntics Junng 5\IRHHt:r aod fal l (S(lalding 
19(>4: O lcsiuk. ct :~I. l 99()). Sc~tl~ also intcn.:t:pl out· 

u)il_),l'llting SIHHit~ in ~pl'i•lg and t.:arl)'summer t <He 
:\ink Cl 0\l. 1995). J\ll~<>ng I he bcll<.:l'~~<> tud1cd ~cal
.s;.iJnwu iulcl':u.:thms nrc those I n the Punllcdgc f{i\•
cr t.>n V:lHC<)\1\'CI' b -la nd. British Columbi;l (Uigg 

ct al. ll)l)t); O lcsiuk c1 a l. 199S ; 'l'cites cl ~· 1 1996: 

Figun:. I) 
11Mbl)t' o;~:rl :-. J•lmca v;Ju!ilw in lht:. Punch; dge 

Rivc:r rcp.ulnr l y IH1"Hion th~u,seJvcs side hy :::ide, 
\'t'll l r~&l side UJ). i n t1u; up:-.m,:.;;un ~hadow of 1\\"Q 

hfidges n<•;tl' lht light- ..,hadow boumi:u·y. l11c (e:lls 

CntH.''I)(lfuhnr ;authm )"rt..~""t<"-'lt~) uhc.\.".J 

R«cn~d '0\'Cfnt.:r- :t.~. l\~}9••IC\.'.:IIk-d June ~- 20CJ.) 

swim a.g,ain:-.1 I he river o.:.urrent <tJtd hold llu.:.u po 
~ition itt I he w;tler..\-ti nim(ll movcmcuts of llh'ir 
hind tliJ>pcr<o: cause n<> al)(-l31'CJH di~rurbancc• to the 
!ourf;~ water.. ·n1is feeding $1ratcgy allow~ the 
seal< to form an almo<.t conlino(!us barrier so II~)' 
can intercept snmlt' that tlrirt downslre:Uil ncarth..: 
~urlacc . Aa>IMt.rcntly. lhe ::teals ure :t'\Si!o1Cd in 1he1r 
rt..--edittg cf(or1~ b)' rhe bridge lights that illumimue 

the water ~ucfacc. 
One \\ofi)' tll enhance lht.:: ~urviv~ll uf xttlmonid:-. 

is 10 disl'llfJI th..:: feeding pattCTfl'l, Of I hei r prcciJ\ lOrS. 
T._:..:hni<p•.;:-. v:~ry , b ul include making the :-.lll1'lls 

ft)HI · l n~t i nc;. c n.:acjnt,; a me<.!haJ.•ical harrier lh<\1pr·c· 
\'~.Jil l" s~al s l'l'<.m~ cmcriug e~hw.ri (;; s M rive r :-;y:-,... 

ICnls. nud i nstnlliug llplic or Hcousti<.! Jmr:'i<;:-. tnc nl 
th;\'h,;l)~ (AHO) 10 hinder tJre seals froru leeding iu 

pa n icuiM "'''t~:'t:-. (Gearin e l al. 1 986~ :'+.·lntc ;md l l:u·.. 

vey 19M7; l'fcifcr l 9H9 ) 
The A liOs :tre generally considered 10 be cf.. 

fecuvc in dcterrmg sc:Jis and ~ liort.~ frc)IH p1ey 
ing on fi:-.h in ccrtai•• areas. llte wadcspread u.:'ic of 
lltc."t devio;;c;.s by aquaculture opcr;ltors.. who usc
•hell\ to dch•t ~als and ~a hons rrcltn entcrint nCl 
I)Cn<, um·,t:- to this cloum. The AH[n: have aho 

dl~tcu-:d a l:trp:. number vf California ~ca liuw. 
'l.nlapJm~ nrliformmuu fl'om preying o n n.:tui'I\H'~ 
wi nh.:r si ~Jclh c<td ()Jwarhync.:hw; mykiss ln Lhc C hil· 

wmten L4.>Cks. Seattl e. Washlngton {Fo;t t: l nl. 
11.)96) . llnwevcr. irl :lquactlllltrt: siles ~1nd t\1 the 
("h illc.lldCn Lot..: l..s, some. pin(\iJ)Cds: nppc a r lt.l h<: .. 

(": tul1 C IH.:c l i • r• nh~d to A liD sounds :utd m ay ha\>'1} IO 

he phy~lc:'• IIY rcnu)vccl (Fo:<. e l at 19Q6). 
1'l•C _soaJ o f o ur <>tud)' w·as 10 dis ntpt the feeding 

J):HLcr·ns ,,r h ru·bor !'t~ :.• h fcediJl g l) n ~ilnoho; in the 
l'unl hx lge l(n·cr. Ouring an ob:-.erva1io n penod in 
i\J>ril 3nd M::ty 1996. we; e\'aluatcd thrt."C mclh•\(1~: 
uhtillhuion of a mc;t:haoical fcc..-ding barrier. altc.t 

aiHllt of antfi<;i;a.Jiigh1 Oil lht!. river. ;u)(l tJepiO)'IllCPI 

or :on AIIO 
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Stud~' Site and Bac.kgn)llnd 

The Puntled ge Ri ver (lovno out of tht~ nMrl 1 erlil 
o r Comox L nk<.: and coolj.n th.:::> lhrou g h th~ city (l f 
Councm1y until i l rc<tc hcs Como:< Harbor ~Uld the 
Srn1i 1 of Georgia (Figure 1) . Chln<>ok s.aln1on 0 . 
JShowy tsdw, J)ink Sill mofl 0: gorlmstr~lm, coho 
~alrnon 0 . kJ.•.:utch. anJ stccllu.~~l<l ~uc ruiscd <.ll l. h(.~ 
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Punllcdgc Rive r H<Hchcr y :m<.l re turn lO ~pawo in 
the Punt k dgc R iver SJ'Slt!Jn . Th<.~ Puo tlcdgc R i\.'CI:" 
\V<•s hi~loric~tlly ouc of th e l::. rgt.~s l pn,d uccr~ of 
~hinook ~(lhnc.m in Ori1i sh Cohm•bi(l, llow~vet. by 
1 9~}5, only 208 chin.ovk. s~• hO<'>I'I rt.:t u r ue d I,<.,) ~pawn 

(Tdt~~ <•l ,tl, 1996J. 
s~tiii)QJ'I ~HJt)ll~ mig rah'!. o u lnf lhe Puut h:d gt: Ri v
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c• fr()ll) Mar('h to May (C. Ucgg...... Punlh:dgt· River 
Htll<.: hcry. pcrsnn:l1 comnuu•i~o:athu1) . Each yc~tr. 
the 1nign\tiou period bt~gins w ith (l in k :.almon 
smolls i1l M ardi ~~~~(I A prH. foJJowcd hy s n10h.'i nf 
chu•u 1-t1llutm 0. k('ta during A pri l and the (ir~t l mlr 

vr ~1uy. ilt~~sc an: follo"~·ed hy coho l)<,llllon smolt.s. 
~11 th~.: heguuung of ~..Ja)· and chinook salmon 
~moll:- dutinr 'he second half or Mny. "f1•e C')ut
migr~tling 'mohs arc of both w•fd ~Uid h:•tchcr)' 
origin. 1 he h:uchety annually n,:h:o_t~'t '3.000.000 
6.000.000 chum .almon. 15().00(\ ~00.00() coh•> 
salmon. :lntl ;uouruJ 1.000.00() pink :-allnou. llow
cVcl, i n t h<~ ycnr ()r our sludy ( 1996}, pi ul 'nhnou 
.:,.u1ul ts were rclca~ed direcll.)• i uto the c~tunry. 
th...:reby n~ducing till~ utnobcr or !;)Jt'lol ts iuth.:; nvcr. 

Appn,l)( i nlfiCC"Iy 200 harbor seal,_ (m<: t't~J~.~iug In 

700 \furinl! the f:~H) haul out on log boom~ in the 
C'\h,mry of' the Putuledgc: R i ver )'CHI" rotmd (Higg 
ct ~1. 19<"JO. Jurk ~~ al. 1997~ Fi~urc 1). 1\ "'()rlsid· 
\!f"dhly '""'"('( number or harbor -.cal~ ~nlcr lhc; 
ri\·c.·r 10 feed on ~alnt<N) !-nlt>IIS d\lrinae lhc spnng 
(Qic,.IUt.. C.l :11. 1')95). Vjsual ~ans of ahe t 1ver 
1-lhow lh:\1 th.: !-c;1ls feed in tW<) P•imfify i:lfL·:t::-; Oll

dc.r lhc lll>pt.·r bridge (5th Strecr) ouul unc.Jcr lhc 
"''vet' bl'id~c ( 17 th Su·eel~ Fi ~• il'c J). 

Scnl o;. cntel'l~d 1lll~ ri\'CI' :H .fWO\tnU dusk; the ma
JOrity n•d\'ctl I<Hcr hl the evening wlh)tl n ClcMiy 
<lcfilll..l(l light sh.-tdo,,,: bound::u·y fm'llt\!d under the 

lwo brid(1C·~ (Oie.'>iuk eL at 199S). lllurninmlon of 
the waliH fil Cllt: U(JI>er bridge was produced hy 14 

h~ht' h.ues:mg over the ccoter lin\! 01 lhc bridge 
abt.Jvc; 1hc ro:tdway (Pigue~ 1). Ot•l)t•mJing on the 
hciglu <>f II\~! 11\'t~r. which wa..;; 1idally tnOuetu.:ed. 
Lhc ligh1' produced .a rdativdy t.Ji,cmc t, '-lmight 
lighl- slt.u.lnw line on the wal..:t' ~~~~· l':•t.' C 8- 12 111 

both up:-.crcfun •\u<l (h)wuSlre~uu of the Ul' l'~r hl'idge 
f Fig u.-c 1). 'l' l u~ lowur bridge d i<.l JHH hnvc o m w 
<)I' c~~nt ct' liglu,-: and, therefore. did um l mv\~ :. ::. i m~ 

i hu· l ight "hudow holuhi~u'y. 

\of<Ihods 

V.'c lcstct.l thn..x- methods vf 'Co'tl lk:lc:rrcncc to 
dctcrmmc \\>htther- :m)' p~vc:ntct.l the ~at..; from 
fccdms at Ihe UJJpcr bridge. their i)(imftry f~ding 
~itt:-. Tht· fi~l treatment a1 the upper hridgl: in
volved lht tCOlJ)llr:.try i tlstnll;:~ t i•'u of ;1 tnct·hnnical 
feeding hfll li,•r. \Vc:. sl rung a 60 ·llt m1>c 1ha1 had 

cork fl<'Htts ~J HH.:ud I m apan ncros.., th" ri"~~r I.H> 
1W::tth lhc bl'idp;c. ' l'hongh we ,,.i..,d 1u phtcc 1he rope 

ulun~ the sh1itlow line. c h<wgl.:l:i in tidal movc menn; 
and l'iver cu••r(all"' o l\cn caused It to trnW\! n f«.!"''' 
mt:h:r"" down...trcam (Figure I ). Thcrerorc. we had 

lo :tdju:>n lhc cork hoe ~\1\!ral time' durinF the 
experiment. ror the -.1;\;omJ ln.mtmcnl. \\-e \!Xhn· 

guishcd all (\( 1h..: upp-.!1' hridg~ lighls fot' foul' 
n i ght~ (Fi!tUhl I ), For lht.· l hird trcaLmcnt. we U:-t.l!d 
two d i iTcl'l' ul Al i i>:.;: (I) th(' ''Se<~ I -Sc:tt'm·,·· p•o.. 

d uccd by Ai t'n"'at' 'J'..._chnolt)g)' (New I IHtiiJ>Nhin;), 
\vhh:h was u:-cd iu ...~v('ll or I ll~ ei ght cx_pcrirucnt:-. 
aJtd (2) Ill~ "~..tK1 S(.·al Scrmnmcr," produc~d hy 
Ferrauti Thc>n1(>:10n, Ltd. (00r'$t:'L l; K). which wa:o~ 
<HJiy used one'~.! n' we tluJ nol ret:civc it in tin'k:. tu 
oooduct a thocourh 1~'' t'f its effociiYcncs\. 

The Ainu:u ~:•1-Scarcr device co-n~1~htd tlf :t 

ClJn1t(1) unit und four ~ound proJe<'hWloo 11t.:•l "'''rt· 
c ::u;h tlllachc<.l by .~0 m of ~.:ahle. The AIID ,.,.:,~; 

Ci.lnfigurcd hi ptO(hlCt! hnMdbanJ_ ~jgoul\ (hut 
p.itched :Jt 27 kilt :uHI Im<.l ~' ma.ximum \l1Ut't.:l,) in 
l c:n~ily ;Jl I0 kil t ( 194 decihi l ~ l<lB 1. r<.;fl:t'l'IU.:ud 

to I Pa/V nl I II) f l'()ll') the ,<:UUII( I ~.... IJI'(.'C) T lu; ruut' 
sound pmJCClo•s 0 1 lrtutxdutt•r" were :::usp~mdcl1 40 

em bdow the Wlllcr .'iurfacc by ropes. atWdlcll lo 
llo~tls. AlliK:hcd to the bouom of each ptu)Ccwr 
was a lead wce~hl U) ensure! lhat Chc prnicclt)(' 
remamed u1Mighc <tnt.l .;tcady m the nvu cu•rc•nl 
The Ainnar device W:'l!o M:l 10 fcach full mtt:-n,ity 
I min after bc111g 1uruetl t'lu. II 1hen l.'llotinuou~ly 
al tcrnaled fi 2wo.,. ~01111d hur~L through CtiCh (,( llh• 
u·rms.ducers. rln: MK:J '·Seal Scnunmcr.. cOnloo i ~ l .;d 

ol' a t':tlulrol ttntt with t.lltC hydr()phc') m,~likc u·~ut ~

duccr. H prodw.:cd \liunds r;wgiug from 10 tu 40 
kH z and had :1Jh'nl.. inl cn<>ity ~H 27kHz ( I<J~ dU). 

The t::(pcrictlcniM were conducted hy 1wo nb.. 
s.;rvcr' in one 4 d pcr1od tlwn eorl.. lit~ ll'c~Hnlenh 
and two conuot nunln:~IH~nl:::) :10d 1wo 10 d pe 
n ods (l1ghll'> nul. :tenu~lk hara.'(~mcm. and con110l) 
during 1hc night... of 22 26 1\pul. 10 Apnl- 10 
t\•t ay. and 1.~ 2~ \1:1)' JC)CJ6. 'We chose this ~tud)' 

design al te• c~mt\idcrint; r~uk m ignuio n p.:.uuds n l 
sffn"'lls ;utd the lime lhnl ob~ct· ver~ wc.t~ avael:ll>lc. 
CJb~crv;_llions siUt'(Cd cn('h uighl M 2100 h~u u·s ltnd 
undcd at o:WO hc) llt'o.,., fm' a tnt;•l llr 161 b of oh 
s.ctvatkul O\ICI' 2~ ~1. Treatment (cxp('rii\1CtHI :ultl 
ltOIHre<.~lmclll (..:oeuron ni~hts '"CI'c t anclmnl y ~<:· 
lC<:.tcd lhrou~hnul the ')b,-:en·;.nion pcnod. The 
nnmber o111e:•Hm.:n1~ (lurinj! each obser\'aiiOn 1~· 
nod l.:t,mld nnl tx_- kepi C01UtaOt becaU~ uf :e ft•'U.• 

ni gh1s of extreme n:uny weaah.~ br1<.1gt.• h,:_hls 
could 110 1 00 HH ned uO' OCcuusc of pubhc sufcty 
COI)Cen•s. In ttll , IW(' experiment~ im·nl\·~d lhe nw
t.:h Hnical fccdi11~ hnr fil!l' {Cl1fl.. liut~). fotlf' n: pcri 
mcms. iU\·OIvcd dt:'-'u·n~~d i Ihnni nation. uml C-tMhl 
ex:pel'imeul!o i nvol \·cd '*" AHD. T he w tal nunchc r 
of· nontn;;•l u'lc tH (comrol) ntght~ w~•s. nine. 

Th~ ob:;Ct' \'C(s C.OU!lll!d hat'btlr .lii.~at ... every JO 
min from ttl( uppc:r hl'idgl..l t.l<::o..: ks with a r~d fit 

tC['Cd. l tr-..::wtllcJ)Ow~·r "Pollight to tllunun:uc the 
river. Qh..crvc.r. ul\.0 counted s:eal~ 31 lhc lower 
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bridg~ tO dCtt•nuinc whether lhl' dCICITCI1~ rot L'eci 

the ;mirnals 10 rtiQCalt!. The ma~imum nurnbtr Qr 
obscrv;,Uilln'> pt:r nif hl wa~ l:l (f'igure 2) a t tht.: 

uppe r bridg~J wtd 12 at the low~•· bridgv. The scnls 
were rep..:mcc.ll.)• courned by II": I \\tO observe''"' l't'l l 

a 5-min petiod : the highe.({l number W:l!-> rcwin<XI 
:hIhe ~~ C~IUl\3IC or Ihi! number or ;mio~l:t pre 
\l'nt (counts by tlte two obscr\'cr' rarely dift~ret.l). 
1 'h i::. ptOC~dun,: rctlltCed th e prnlMI>I hty o f t11u.lu1~ 
~:-o lill1tl ling I he lli.IIUl:H·r or :->\!til~ I)I'C!:-~ 11 1. 

\Ve usc.tt ~~ l wn~~amplc t· IC'I lo co111p:u ~ the 
mcun rtumbcr of "-t·als present when the AHD tk:
'-ltt wa.~ deployed wilh rhe mcaJI "''mher pr~cnl 
\~,ol't.en no (l~lcn\!nt was usl)d . 'I he avcntgc,: number 
~1(' Ncals. J>fC$cul wa~ calculated l'or each night o l' 
nh-.•·n alion nnd tn~illl~d :.~ a Niut;.h".- Clbscr\'alivu. 
M~ms vflhe nlghlly t•vetage nttmbt.·r of se:il.; were 
then calcuhth~d and comJ'""rcd for sc\o·en cmurol 
nt£hl<- :lnd s~.~vcn <:,.penmcnt..l •ut;hl~. 

ft csults and Discu:,:sioo 

On the cuntn•l nighls. whe n uo dclcrrcnces \\tl!t'c 
u~-d. an a•iCI':\gl' tlf ~ ~Is (rJngc. 1- 26) fed at 
1hc u~r ht•d$C. In conrra~t. we obsen·ed only I 
Ncn1 o n ~l"<t:r;lgc al lhc lower hr•dgc (ran£C, 0 - X). 
Om·ing thci( HiJ;hlly feedin ,; m urine, mo:a , ,·:tis 
1\ppc~m.~d ill 1hc uppcl' bticlge 1,0 1.5 J1 aflcr nip.hl · 
rull (between 20:W and 22:10 hours: F'igurc 2). and 
the majority 3J)ftCaaed to ~1ay until 0300 hourK . 'llle 
lliC.'ll' number o( 't.":tls <U the upp4..•r bndge rose (nmt 
o ne Ul 2 100 hours l(1 uine ;H l~OO houl':;, dmppiug 
tn nn ~tv(~r=--g~ of tivc by 0~00 hours {Pig ut(} 2). 

Seals ~1:11tcd to appc:lt tlov• ..nrh·-er fn)Jll Ihe low.;r 
bdd~c carliuf' in lhc C\'Cilang than ul the upper 
hr idgc, bul ditt noL ~tay thcl'e f~)ng. 

Tht: prc~CJh.: ~ ~Jf scnb n c.:(tl'" lhe hddg~.,·s did 1)01 
a lway:-. n•..:an I hey we •· 1 cxnmpk . ~·.: feed ing. ~<)1' ~ 

lo-ck of heluJ movcmcnl fwd absence of fish m tbc 
w.'lll!r column imJicatcd lhiH no fee<hn# took ftlace 
on lhc night of 23 April and th~1t only sporm.lit 
feeding HCCttrred on tlh· Hight of22 Apfil. Feeding 
hehavim a l::.o ch~~ •)g,xl ovc1' lhe course of' lh<":. ~tudy. 
From 24 At>ril to 9 tvl:•y. the seal-: <:1:uioncd lh~cn
scl\o·c\ ~•t the water s.orf;t<.'C n\':ar the op\111.!.:\m shad· 
ow t.nc and. with 1hcir ~'\:nlro\1 sides up~ .,gulped'' 
the l'!ll1non rry (m;lull)' c hum stdu)Oil) that drifted 
do,VHSIH}lllll. 1\ ftcr I S Mny. tht.j aniruiii S Nlnycd fur· 
thcr back iuthe bridge's ' hMiow and IIIOI'C adivcly 
ptl(~ucd I heir prey (mainly CC>ho sallnou 'molt$). 

Ole~iuk ct al. ( J<)(J5) e'lim;ned 1hat hnrbor ..eals 
consumed a.n avera~c ur 140.tXJO chum 'aIenon fry 
~•r:'d 1:\,000 cohl' s aJmvn -.: molt~ p<.'r nigltl in ttJ94-. 
\V~ di d llOl rc uu; :"1$tlfC lh.;, rc<~d i 1lg 1':\WS IJ(~C ;)USe 

w e wenl ..:onccrncd lh:H jJiumioaliuf~ 1hc ,aninwls 
with a rctl l'J)(}.lli;,thl for long ~lretc.hcsor time mighl 
a f fect their l)chav1or and Ctlnfound our CAJ>cri 111ent. 
In COnlrrtl't 10 Ol~siul. Cl !'l. (1995). we obscn·ed 
a bch~IVHII'a l (Cspon~c I() the red ligl tl: the ~cats 
oflcn nHwctl \IWt\)' nnd 'C'.l ll~ ec:l ::.ensiti vc ne ar Lhc 
Jig.h1- shadow lin.: ~)!' the ~pol light. Oui' Jm.,cedu.-e 
of c.:nnlinuous count:-. duting a 5-min JX:Tiod paid 

Spoi:Cial :111ention 10 lhc po~.'tibiJily ''' animals 
avoicHnlt the :->potligtu. 

Tidtd hcighl~ f111cl frcNhwn1c1· tl<)W lnllu(;n<::ed 
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Experiments: K = Corkline; L= Lights um; A = AHD # I; F - i\HD 1!2; C = Control 
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Fl lii}~H ).- .·\ v¢ r,•gc:: m.un bcr o l' $\:<ll :> JWC::..cn• ~'' t h<·. t•J>pe •· twtdgc ( m t he PluHin l;;:c Hwer. C<mrh:11:1y. Hnll$h 
Co lum hi:) , on e:.'lc;h <.lb 5\:.fV:\~ i (ul night Seals w.ue <:OtuHecl cve.·y 30 m iu. fo r :t tuw lnumbcr nf I :C cmmh.:/uig hl (har•.; 

,..SE). Leutr :-yul bols i mlic ace lh¢ l)'J)t\ o f ln:;tln•t•nl app licrl. 

fe-t.:-di•tg a.;ti vil ic s -til thl'. up per bridge. Durin g ex· 
creme l ow tides, the water deprh wa~ helow 15 rn. 
Our .observa1ion:;. found th;,l I he ~e.aL:; d id ni)l itl
lemp1 tO l"t:a~(l uu l jJ Lhe t ide. n~i~t:<J th~; dv.;r to ttl
l)tOSI. 2 m. Tid~tl heights were estimated by com· 
p~u·ing hy dr ographic chans of the river wilh tid:l l 

height:-; puhl i:::hed in regi«) IHt l l i_<h~ u:.bJes. l·lowcve;:r-, 
C) ~l r \):::>ti o·1 u1~s ncithi.~r took inlO accounc th e amount 
ur runo ff f rom the lake nor the effects o f \'arhlble 
rainfall. During the lhst 2 , ....eeks of observ;u,i ons 
i n 1996t r.-.ini'-.ll exc~e<.led lhc ~l m)ual averag..: and 
c~Ht:>cd Lh<~ Pmul<.:dgc Ri vt.~r lO flow f~1stcr ~1 nd at a 
higher level ch:'Hl normal. 'fht~ :o;eemed 1.0 .-.!'feel 
ft~6rling; wedjd nn1observe; se;) l:- fec<.ling c)n nights 
of cX(rernt~ rainf~'tll . 

Spot checks a long the river away from the hl'idg
es revealed a llumber of :::eals l't~t~di 1lg iJ~ ;H'C ~tS 
HhtmmtJI.t~d by OLher ligh1 SO(l t'\.:eS. Fur ex.~tmplc, 

,.,.c ob:-t.~rvcd as many us st~ v.;.~n seals feeding in ~~ 
strelc h o f river that wa:o; liL by haloge 1l l ight.<; from 

a ballpark at Lev;h: P:1rk (up:-aren1l 1 <) f uppe1' 
htidgl~) . In nddilion, hal o_g~n lights u~cd by a ~;l w

II J i JJ (b~~lt)w ll.• ~ lower b ridge) ilhonin~Hcd ano ther 
area freq uen ted by feeding .se~tls . 

1'fctrlml'tt! 1 .~ Cork Lim~ 

A t lh<.: upper bridge. w(~ d.;.~ploycd th~ Cl>rk hnc 
on two nights for ;m average or :1. h eilch nigh1 
(Fag\u'e :~). \Virhin I h t) f $l~tlil·lg tht: '-'UI'k l i.lh! 1.1 11 

Ihe;: fif::>t rl ight , l}u~ IHIHJb~r of' .s~als ft:edi ng <H the 
lo'o.v(~f bridge increased fr om one 10 four. A::: the 
night prc'>gressed, lhe uutnbet· of sl!'.als .at the lower 
h tit.lge "h~(t dily .;h'(lppe<l and rnorx~ ~cals begau ap
pi.~.aring Jli.~Xl to the cork line al the upper br idge. 
On the following night. we deployed nnd re1t'ieved 
I he C01' k line l\•.:ice. The ani mals w t :-1'(: nn l ~• l t>i lhe r 
hr~Ug~ du.rjng lhc first duploynJ<.:nl und d id nol 
~<.:em li.> b(~ dh:ttt[ bcd by lhc second depJoytncnt. 
A d rop in rhe number of seals toward Lhe end of 
the :::econd deploynh:Jl.i ~uggesh~d a 1ntlcl n;:-J.Illll.':>t.: 
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TAOI.E. I . Nu•ttbcr of h:,(l;t.)l' "(';II~ OOllll iCd 1U th<• lll)jl<'r 
bOO~" ou 1 .:uutmlnight..: ;tnd 7 m!Jxs. Y.1ten lh~ .t(.'Ot.b1ioc" 

har.LIIO:!•fi1CUI (lic\'ICC tAII0) Yl Q'l' <kt•kJy"d. 1111." IIM!:lll'C biOIII · 

~l:trd rlc\'i:~IK.n:o.) tor th-e C<tmrol.wd i-\110 nights w~:rc 7.:5? 
t2.9(•) :llllt (),'\() ((l. W J, r..;.spc(;ti\ocly. 

fl•li~;hl Cotmfut Atilt 

:ut () ..., 
2 M><., "'·""7,H O.J{i 

'!.(>1 (J.~ I , :!.2~ (J,'i·1 
6 (d.'i 0.62 
; 1 ~/)0 0 , 1\ 

lo lhc dclem.;nt. How<.:v<:r, the ~cal:> that n.:n•.tined 
nppenrcd in Cngngc i_n NOil'IC form o f play wilh lhc 
c o1·k li1l e. W.; conc luded th:Uihough Lhe ('('ll'k lioe 
h.ad :1 shorl~tc•n• initi:~l dTect l)fl the se:ih. Lhe 
animaJ.., '"'('tc (JUiock to h:tbito:ue co it \Vc ditl 1101 
mtempc. ;lny further 1rials wnh the cork line .after 
these twn u ight~ ot' testing. 

in•armem 2: l..i,g!ll:; Ou1 

Fewer ~enls were ()l)served f~..~1ing Ihe ftrq n1ght 
we tumt.~l off tJtc lig.ltl$ Ul lhc upper bridge.· Ct'lll

parcd with udiaccnt c·ontrot nights when the light$ 
w~re let\ 011 ( l ,.tgure 3). Huw~ver, on suh~Ctjucnt 
c xperirn<;!nt;tl ll_iglu ..... ,..,.e uf>h~cl ;) J)I'Ofir'(}s:-:i"c ill
crease in Ih.; number of !-COtls f~liog in the rc;~1d
u~l light {cln!<-Cd c1rdes in J:r.gu.rc 3: F,_, - 17.5. 
f• - 0.0;')), Uy ahe eJld Of fOUl experhnentallll ghl.~. 
llliiOber~ ;•ppc;u't;d to rt;<&Ch HIHI even ~.x..::cm l ll• o~..: 

observed during compantblc \!o11trol oi~hl ~ <figure 
~). Allhoush wed<) not k1lOW 'vhether the reduced 
light affected fheit f~ing efficiency, d\e re:o.u lts 

or this cxpcnmcnl suggest thul the seals: lc;urncd 
to comp~ns:me for the reduced lighting by nwktng 
ct·recrive usc of lhe r~sidunl ..:ity lightulg. Theft:
rorc, we c~uH.:Iudcd thal . lltuugh lh~ .. li !}h t ~;·nut" 

trcatmcJll WitS initiaJJy effective as a Octerrc.:nt. lht.• 

neal< e\·eniUally habiiUated to the lighting chnngc. 

Tr(!O/ttU!JIIt 3: lkoustu:al n~tt!I'N!IICC 

SigJ•i liL;anlly l'mo,.·e r "l~nl :-: fed al thP npJhll' ll!'i(lge 

ou lhc scvt:11 11 ighls we Ocplo)•cd lhc Nrmur dc"kc 
compared with !-even co.urol nights when no de.. 
ter(t!:tU wa' U(,Cd (t1l - -1.(•0, (• - 0.001 ; Fi~ure...; 
2. '3: Table I), A mean of 0.4 unimal~ was prc;M.ml 
during the {ICCHI~ t icnl tesfs (range, 0 - 1) co!llp:trcd 
wi lh il nl f: :·ln (II'~ :•n ifnal,., c)u C(>lili'OI night~o (r'aug~, 
0-26). On 1111\'1-l cxpc.rimcnllll nights. nu scut.... fcJ 
within a SO~m mdius of the bridge. 

The 1irs1 1\\'0 nights we- deployed ahe Atrmar 
<Ievie(! ~ll 1 h~ uppe1 hridge. sl(:!.uillcaruly lllf) I'C. :o.\!als 

~·ppc:m;d ••t Ihe l<twer hlidge 1hau 'W'CI'O j>I'C\'IOusly 

counted on ..:omrol ni~hl!!- and during. the lighB
oul cxpcrin1en1. On subsequent \:Apcrimcnlal 
nights. Ihe 1H11nhe•·s d 1·oppe.d .<Otc:~dlty nl Lhe lower 

bridt;,l) unlil IJO..;ual:-. w~··e Ob$el' v~·d fec<l lng 1hcrc. 
\Vc prcs.lunc lhit-: drop in numb<:•·s :tl the l(lwc r 
bridge 1\!l]ecred po<M' feeding <."ondiuons at thh: lo
....-ali(kl, 

Cn••clusions 
O u1 •·csults sh<)\\1 that t\f-IDs wen~ the mo~t d 

fecti ve <)f Ihe 11e n"!C rnclhods tesl cd t<) J eter sc:-JI~ 

from f(."<.·din& on ~:thn.-m o:u'K)Jt-loo i•• lh~ I"U1Uied~e 
River. E.xlinguishina: the bridge light:\ w:l~ theM~· 
ond mu~l effective deterrent. followed by the c-ork 
li ne, w'ln.,;h had liult:. it' ctny, effect. The upper 
brid~c :tppe~r~d l i\ lll' 1he J)l'ef'~ri'CII l'~c~di ng SiLC 
for the harbor sc:tls, as lighting a nd river w pug
"'J>h)' a1 IIus b<idge arc p<obabl)' ideal foc oplimal 
rnrt~J;UIJ; ,<(UCCe~s. (itVCfl lhat Ill !roo dOuhtfU( thal all 

inc:m<Jc~1.:cu~ light l-(IUfCe,~; ;:•n.•und lid~ bficlgc t;;"ul 
he cx1in!!uished, a.;cltf.<r;lic deterrence c ould be.: used 
lf'l COt•CH)I pred.u ion dunng lll e tlh)lllh~; of Apnl 
;onJ ,\1U)'. 

The AHDs are c(fcc:live within a limil\."<1 r~ngc, 
but c!tnnot pfevenl sctals from entcnn~ the: rlvcr or 
fnuu 1uoving or feeding in other aren) o l lhe nve1·. 
The ~CHlS only hav~ to ::;wim with Ihoi.· hc:•ds (1111 
of' the. water lo a"()id the undcrwalcr noise. Bv 
i1bH:llling AI Ill~ ar1he ( 'hluenden l..nd:~ in ScanI~. 
W:ashint"IOII, the number or se:• liun\ l't:t::ll.ing 'lit 
rc turni ng titcclhcad 4.Jc~r..~{l:>ed nvcr thu course ~.lf 
2 ycnn~ (Fox et aL 1996). Similarly. AHOt: t.:ould 
he crf..:cti ve for dc1CI'ring seal~ in the PuntJcdgt~ 
U:i\•cr :wd olJt.:J' s.alnlt'n-pmducutg. ~tl'eam~ U1Uil 
bcllcr rnea.._.nrt..-s 10 l>n)lc:cl sahnonid., ar-e impl.:
mcnlcU. Hot\•c.;\·cr. ~cou~lk U-ctcrrcncc can prob:t
bly Old)' be used as a h.:mpor;ary prcd:uivn~(;o.utrPI 
mtchanism bcci"lu~c. pinnipcds havl~ a ~l r<.mt~ ubility 
to lclil'n :md adnpt w ~ounds (Fraker J994)~ For 
exatnJ)I.::. .;hang,e~ an the :~bund:ulCC tukJ a"ailabil
ity of J~Y may lead Hl moli\""3110nal change.~ 1n 
pitlnipcd heh:wior { rr,;m avoidi us AliD.;; to ig
'' <.H' iu~ lh<.: e.n). Thenil'lll'l~ , 1he d'ft:-t.:Livc.~u.;~tt of chc 
AHD~ i_ll the Punth.:df,!:c Ri"c.r ~houltJ h~ l i;i~lc(l 
ag~ain during sprin~ UUl mi~ra1ions OHid. possibly. 
durintt fall rctums. HOJ>cfully. ohc Dcpanmcno of 
Fi~herh:$ nnd Oce:ut~. which IS fc~ponsible fO( pm 
ce-.:cing ,:flmvu :Heel :o.t::tlx in C:.H)a<lil. wi ii LuldefCake 

the IICCC'I-~;.u·y ~lcp:-: I<> contil• uc. lc!'ting 111..- ciT..:t.:
tivcnc~;~ ur AHDs. 
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