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tntr oduclion 

. Vlt;rasonic wa,yel3 have been(;onsc~der:ed 8.. possible means of con-

trolling s.ea..la;rriprey intkeGteat Lake,s. ']?he, term .·uu.1tr.asonk" isa..pplied 

t~ s{')undwav~~ . oLa£r<eq\lency above t~e audttb~y level, that is, r,anging 

fro~ .J~~()OO cycles, pet$~~c;)ndup,alt4~ll. ~t n.~. Q-!ten:been e,rroneou~ly 
. . r ' 

applied te lowel" fr~~t!,tes. Bet'Qr~U:nd;ert.akj.:n$any experimental w~>rk, 

asu:ryey wa~ made 1)l~~t(}f the lite~attu:e . cl,.eal~ng with the effects of 

ultrasoni t;, waves ,onJll$.qlG$.ical mate;r~l • . V:ety. l~tlewQrkhas beendo-ne 

asing, s,o-uncl wave~, a$, a; mass, killer o£aenimals. , The following, report is . 

. bas,ed <)n this, s t;l;rv-ey • 

.In ,~;tderto ,get an.y ~ffects ()n biologicai"materialseveral points 

. have tahecons,j,dere'd • . The'Y are: th,e freq,p.ep.cyo£ th.e sound wati:e';:: tlie,c 

intensity-o! the SOUI:ld .a..nd the ti.me of expo$llre. 

Ther,eareb:Qt'h19w and high.fre·q,uen<;y SQund waveS. Low:fre~. 

q :uendes, st~rt just belGW. tl1e level Qf hl,1man hea+ing at 12 cycles per second, 

and go: ,up to 16.; 00.0 cyel:¢~J whi.ch. i.sa.pp.ro~d"l'i:la,tely th.e upp,er limit of 
. . . ~ -

hearing , ,L()W-tre-q,neru:;'yso;und waye~ ,~,~lln()t damag,e tissue but w.er'e con­

$,idered as, 'a ;:me~~s ,of~t,r,a~t~ng:: ()rr-epel~iIig,. lamp,uy'. Information avail.;. 
I - . . • 

~ble \~di.~~t~~ . little: ()r~q eff~ct: Q£'low fJ':equ.encY~t\l1.:dwaves ; onthe 

b,ehavlp~rof£l~h ~r l~R'l~l"ey. T;hu$,~,~n¢:t"~p.d l\4Q(>"te (1'953) found that . 
I . .' 

atte'mpts ,to gUide $m8l~ . fts.h by t¥use .()funde'twateT- .s()unci produced by 
r_ 

. 16W , £re9.uellc;ys~ce.$, we~e not sl,,l(;. ce~$;l:1I~~ . A£tei"anj,nitiaL response. 

the tlsn pai4 :n(i) attetlttoJil.whatsoe,ve,;Ir t~ the; $Q\1,nd ~ lVr:~Qte, 'and ' Newman 

:(1956)triedtog\1ideyQJ111g .salmon away trom ,dams ,a.:o.d found n~ r .eactlon, 

or very little. to thes&:Qlld • . P.()rpotses hav~ peen !o\1Ild to., be irritated by 
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sound waves . und,el"w~t¢r (~el1og and, Kohlex, 1952) andtuna. . a~e attracted 

JPac;:Jffc Fishe;J;'man 195a).ln Japan; Miy0sL (194.0) faund that fish were 

not attraGt~d "1 s-aund; ~nthe· other hand. MQulton: (195(» , found -that the 

sea robin resp~nded posit;"vely t()s6unds. 1Vl()Qrhotlse (l~!B) tested variou~ 

· flsh s,u;cn. ,as th,e ~rchj ll-eunde):', rock. cod and d~£~h. . He discovered 

that 'only the perch resp~nc;ledand thi.s was an ,avoidance reaetion . . ' Parker 

(19~), £cilitndinh..t$-expel'~nt,$ that a,Qrne fish, were attxa.cted and some 

repel~ed,by sound;, while otlle,r fish did not give any reaction. 

High, frequ~n(:y s~Wld waves (l~, 000 c;yclesper sec(mdand up) ha,ve 

been .use(lfo:k1l1 £ish and wUldamage t~ssue . . Chambers a,nd Harvey (1931), 

Gaines (193Z) ,and W;ood~· Loomis (1927) ldlled~m.all fisha.nd tadpoles 

using', wUQcusSed wav.es, of a frequen,cyb~ 300 ,OOOeycles per second. 

S'~meearly experiments , which. were done with material to be 

· treated placed directly oIl: the £ace of the transducln,g , crystal r .esulted in 

· verylittl~darnage .. (Hal'v:~yalldLoo.mis, . 1928,; Hatvey, Harvey and L.ooinis, 

1922). _ E;,cpe~iments _onspeeiInenSjha~l"shew,ed that the . s -ubJect had to be 

fiveto sixcentirn:eters aw~y from the sOlllld sourcebefo:r .~ a ~thale£fect 

eou1d ' Q.c'c\If • 
. . 

A~ztng, thingsean, be done with. focussed soUnd, beamq, f!spe<:ially 

in the£ield: '()!neu,rosur$.¢ry.. AC0rnpoI;lIldt1;-.an§.du~e:t head which wi,ll ,cQ.p.­

centr,a.te~¢y¢ral sound b¢~xns,c,an . b~ fdc'll.sSe1;fttll da:m,age ,a parti~u1ar . part 
,I 

of the liraiil wi~out hai'm~ng inte:l"~niilg Us,s,u,e (Barnard, Fry. Fry and 

Brennan, 1'156). Lense$ andrefle-ttoi"s wUl.alsp!Oli:u,s s·oundwav:es (Fox ' 

and Grifting, 1949; Grawf~~d 1~5S). · Distance. Aowe¥e;l.". is· stiU<Z.ritkaL 

Cats and .. rats , tre~tedwil:h£ocussed ultrasonicw:ave$ we·re.o-nly 6.4 centi .... . 

meters. from-thesQUrce {FryL958). 
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G.ay~tatj.on ,bubbles a+:e a phenomenon associated with the beaming 

, of hf"gh tr 'equen~y sound Waves, in a liql,lj.d med~um. When they break the,re 

" 

. is .a fOTc:e known as. "water hamrnerH wl1iqh, is considered the cause Qf 

trulch,dam.age ~ bot;h. to metal and glass (Gaines 1932) and tissue (C,hambets 

and Carnes _ 193~; Ha..r'V~yJ930). Cham1;>ersand H~rv;ey. in 1932 found skeletal 

mns'cles., could be damag:ed withultras,oI:lic, wave$,t app'-rently a result of 
t . 

. "tnternalca.vita,tiontt.$mith (1935) has studied,the destructive .effects of 

cav;itatiop 'bubbles. 

'l'heexact cause pf tissue damage has . been debated by many 

authors .. S,ome feel that bio1ogicaLeffects, cano,ccur even when cavitation 

is s uPl?'res sed (Dunn 1958; Fry, Tu(;ker, F .ry and Wulff 1951). Others. say 

;it (s the result of heating (Allen, :Fi"ings, Rudnick 1948; Jung 1942). Other 

aut~rs~efute thi~~ and have obtained pa~alysts in frogs in sp.ite ·ofthe 

e1iininationo£the hei:!;Hng effect ;(.D~ ,1958; Fry; Wulff, Tucker and Fry 

1950; Wall, Fry, Steph.ens;. Tucker and Lettvin,1951). 

' Cavitation bu.bble,s ina liq~t.d will 'cause~ attenuation, or a thinning 

,out Of thesouild waVeS. ,Since the bubbles a;t.e considered the cause of a 

certainam'ount of tissue damage, Horton and Horwood (1957) haye dis-

cussed the feasibility of preyentingcavitation.incln attempt to , elim,inate 

attenuation. $ome w:orkhas heen done by Laird 'and Kendj,g (1951) to d~ter-
J' 

mine a corre1ationhetweenthesize ,of the ·air bubb1e.$and the degree of 

attenuation of sound at V<:I-dous, frequencies. Carstensen and FQldy (1947) 

have also studied the eifects of huhbles. -(}n .:thepropagationo:f sound w,av.es 

through a liquid mediu:m • . Water tem.peratureal$co has an effect on sound 

waves (Markharrl, Beyer arrd Lindsay 1951; Te~ter 1946; Sm1thand Beyer 

1948) . 
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. Th¢ expo$urethne regl;liredto killan~s . is , re1atiyelylong • 

.A,.n4na;ls that were killed,either inaj.r 91" in liquids, we~eex:po,sed to 

s·ound wave s , "fc:;>r pe riods of time ranging '. £:t()m. ·tl;tree . tq four minu.te s up 

,to 25 .minutes (Allel1; F'Tfngsan;dRudnick 1948; Chambers and Haryey 

1931) • . Cum'ul~tLveef£eds . of subpaltalytic irra~:liationwUl produce par:a .... 

lysis(F~y 1958) ~ 

Susceptible . Tf.$$ue 
.0_ s 

NervQ'us. tissue is most susceptible to sound,(tlunn 1958; Fry, 

Wulf£' Tucker andF'ry .. 1950; Hopwood 1931; W.ca:ll, Ery, Stephens, Tucker 

and LettvJn,< ~5l). Lynn, . Zwezne,r. Ghick and Miller (1943) describe 

cerebral dam;q.ge iri)ivin,g ani.m:~ls .. c~used by irradiation of focussed ultra:" 

sound. The animals wereaf£e<;ted for about 16 hOllrs.aite1' which they 

once mQre appe~ed nqtmal. Wall, Fry. $tephens., Tucker and Lettvin 

(1951) studied the .e££ectsoffocussedhigh£r'equentysoundbea.tnS . on nerve ' 
. . 

tissue in the sPinal Card. Paralysis, dest;ru¢tionQf glialcelJs and loss . . 

. of the SuppQitfng elernents in the nerve cord were a result. In1958, Fry 

publish¢dadefaHed revi.¢w ,.()-n the effects of focussed u.ltrasound on nerve 

tissue. ,'Destruction of gill filaments, haenu;>lysis. -of eryUuocytes ~and 

darnacge to s'keletal rnusclesa:re a1~o a re,sult.QLi;r'rad:iation~ 

A.l1 efthes.~ef£e~tscould be appllct;lbletothe lClm.prey. 

P.te1imillarrS'tud;'e s · . 

Kleerekoper (1~95'8):made apreljininary study-of the ef~ect~ ·of 

soupd waves on adult 14lnprey, but found little q.r noeifecton the i1" behavioQ.1'. 

Noexperim.ents. were done on tlle larval stages of the lamprey. Since ammo­

~oetes spend m:any years; b~ried in mud in stream.-heds ,c:lIldJre:rnendQus 

'. 0 



power is required ' to b~arnollitrasound . a . £ew. in~hes into the mud 

(Kleerekoper 1958), thisp,spect hardly seems, w~rth investigating. Mi"­

gtatj.rig amrn9coetes n;lightbe ,a£fe,eted by an appa,ratus , th~t would affect 

adultp , but only if the li:}rvae were, tnthes,tr!ea.m.pl,"ope,r and not bU1;"ied 

in silt. 

Gol?-f;~usfons 

T1i.is :type .of pr:ql;)lern 'Yn\i1.st be dealt within. ,the field, ande quip -

m.ent of any type must he de$igned~ J<?r ultim~e use in the field. This 

appffes totechnJques als,~ . . Inthei"deal laboratQtyenvironrnent it rnay 

be possible to .kHLo,r maim sea lamprey, . but techniques Which will'W'o:rk 

in the labqratQrywill not necessarily he successful when applied0utside. 

5 

The equiprnent nec.essal'y fOr transdudng highfrequen~y sound 

waves has been des,cribed in 'detail by Crawford (l95S). F()r underwater 

sound a ,qtlartz or bartumtJtanate c:J:'ystalis ,.used. A.genE!rator to provide 

power isalso needed • . Lenses alld tefle·~tors for ff;>cussing sound waves 

are needed, ,and w(),uld have to be placed in the. sb,·eam-bed. Cornpound 

heads for focussed waves. are very cumb:ersome and requ.ire proper 

housing. ~xpe:rt rnaintenance w~)Uld be I'equi~ed fer this expensive equip­

rnent"and care would. h~ve to 'be taken to av'oiddamagein seasonal flooding. 

Lamprey would have to be guided into·a Gei'tain~;rea, and .held .there while 

the sound waves. to-ok eU¢d. p.fter cayitaUonand .attenuation. had been sup­

pressed . 

. Taking all of these fact};. into:_.cons.id~ratiE>n, theautho:r feels. that 

furth~r experiments on the us.e of sQund waVes . (;)£ hi,gh or lbwfre;quency as 

a m .eans of C0ntrolling: the Sea lamprey w0uld no,tbe justified at the pre­

sent rnornent. 
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