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" Introduction

_UltraS-@ii_t.c. wayes have been considered a po‘s..si.ble.rneans- of con-
trolling sea lamiprey in the -Gfea,t..l‘&a;ke\s,- . The term:'ultrasonic' is applied
to seund waves of a f;req-uency above the auditory level, that is, ranging
from ,_1-6__»,_ 000 cycles. per _s‘;ec;.e;nd' up, althﬂugh it has often:been erroneously
applied to. lower. frequencies. . Befgx_;-e_-tmdertaking any experimental work,
a survey was made of most of the literature dealing with the effects of
ultrasonic wayes. on biglogical material., -Very little. we,rk,has. been dene
.using sound waveé:. as a mass killer of animals. \.T.‘he following report is

. based. Qn..this’:- s uﬁvey 2

Biological Effects of Ulirasound

In grder to get any _ef_f'e‘c‘:‘t-s_ on bidlb’_g'i..ca-'l’*mt‘g;'-ia;l- several points

.have to be considered. T'hey are: t_‘.he‘fr‘eqnéncy .ai.', the sound wave; thec
_intensity of the sound, and the time of exposure.

| There are both. 'low, and high. frequency sound wa'vfe.s,l Léw,:fre-..
quencieés start just below the level of human hearing at 12 cycles per second,
anei g0 up to 16, 000 cycles, which is appreximately the upper limit of
héar‘i.h'g, LWfrequencysmmd -\#ayég __:w.ill -ﬁot. da_xhag;é;tis.sue but were con-
' '.s-id“e‘.r-é.d_ aé a means bf’-.g'.ttiéacting or repellinglamprey Information av-ail.'—'_
‘a'b.‘.l:é 'i'zi;di;g:ate's_. little or ne effect of low ;If;re"guenéy'sam;d,waves on the
‘behaviour of fish or lamprey. Thus, Bu.i‘ner é-nd Meore (1953) foun.d..tha:.t ,'
-attﬁempts..td 'guide“';‘smﬁ_.ll fish by the use ;Qf underwater sound produced by |
lew frequency sources. were m_St suﬁ.cess_ﬁul_‘_} After an initial response,
| the fish paid no attention .wl_;at_soey.:e.x o the' 'sé-und_._ Meore and Newman
:(_-1956) tried to guide y:aung salmon away from.dams raild found np reaction,

or very little, to the spund.  Porpoises have been found to be irritated by



sound waves underwater (Kellog and Kohler, 1952) and tuna are at.tra._c.ted
(Pacific F fshe'-r.rn;an 1952). .In Japan; Miyesi (1940) found that fish were
not atfracted by _s“ctm‘d-; cmthe oth.ér han_d; Moulton (1956). £ounci.-that -.\th_e_'
:sea, fcbin_ _ré._spe-ndé.d posi-tivel_j to --s'o‘und’s., MQQ‘_thtise (1953) tested various
. fish such as the perch, fflotmd_er,.- rock cod and.dégf-ish. -He diséovered
that only the perch responded and this was:an avoidance reactioﬁ. -Parker
(-191,2),_{61111&'-in_:_his.exp'e‘rirne-nts. that seme fish. y‘i_e-re attracted and some
repe iled,_ by sound, while other fish did not give any reaction.
“High frequency sound waves _(_16_, 000_cy»cles.._per second altnd. up) have
been used to kill fish and will déma_jge tissue. Chambers and Harvey (1931),
Gaines (1932), and Wood and L.oomis (1927) Rilled.-s;ma:ll fish _and'tadpole.s |
using unfocussed waves of a frequency bé\g 300,000 eycles per seéohd.
_-Sbme early experiments. which.\%/.er:e deone with material to be

‘treated placed directly on the face of the transducing crystal resulted. in
very I'i.tﬂe damage. (Harvey and Loomis, 1928; Ha;r..vey_. Harvey and Loomis,
1928) Experiments on specimens in air shewed that the subject had to be.' g
f«fv_c_e-_ to six.centimeters away from the seund som_.'_c_ea_befo.-i,e a lethal effect
eould occur. | T

| Ainazmg things.-c'a.n be dpne w1th focussed sound beams, especially
in the "ﬂ'eldf of neurosurgery. A cémpouﬁd:-tr_lé;-_nsdugex head which will con- .
.c':e'-n_t.._rate éie'v,e:.ral soﬁn_d beams can be focus sed;'_.-t"cfs damag.e a-.pal"ticular part
of the bra.m wﬁhdut ha‘:.‘cmi‘-n'g. intervening tiss _u’e.____(Ba':na-rd, Fry, Fry- and
Brennan, 195.6'); Lenses and reflecters wiil_ alse focus seound waves (Fox
and Griffing 194-9;. Grawford 1955). Distam_:_e.' however, is still ¢ritical.
.C.a.ts and=__r'ats,tr-eé;ted-wiﬂl.facuss"ed' ﬁltra‘sonic:-wave.s were only 6.4 centi-

meters from the source (Fry 1958).



Cavitation.bubbles are ahphenon.)enon associated with the beaming
. of high fi'.'-equén_éy snuhd waves in a liquid med,ium.. : W,hen they break there
-is.a force known és, f‘:wat-ér hamrﬁeﬂ" whi-ch.'i.s.-co\.nSider_ed. the cause of
much,damage » both to metal and glass (Gaines- 19_32) and tissue (Chambers
and Gaines; 1932; Harvey 1930). Chamber sr-a-nd_Hérve.y. in.1932 found skeletal
muscles could be darn'ag_.‘ed with._._u;lt-_r‘as:oni.c. wavé s/'.', apparently a result of
: l_'_int,,ern-a'l' _c_a;vita,tiOn“:.._ S;m_:_i_th_ (_1935) has studi_ed.,tﬁe destructive effects of
_cavitation bubbles. |
The exact cause of tissue damage has been debated by many '
authoxs. So:mé_ feel that biological effects can.occur even when cayitation
is. suppr-es.sed_(D'unn_ 1958; Fry, Tucker, Fry and Wulff 1951). Others say
it {s the result of heating -.~(A11en,_ Frings, Rudni_ck 1948; Jung 1942). Other
authors.refute this, and have obtained paralysis. in frogs in spite of the
elimination of the heating effect {(Dunn 1958; Fry, Wulff, Tucker and Fry
1950; Wall, Fry, Stephens,; Tucker and L._ettvi.-n\_1951,) .
" Cavitation bubbles in a liquid will .cause attenuation, or a‘thinn;ing
.out of the sound waves. -Since the bubbles ate _Ge;nsid-'e.red.the cause of a |
certain amount of tissue damage, Horton and Horwood (1957) have dis-
cussed the feasibility of preventing .ca'vitati'onjn an attempt to eliminate
attenuation. Some work has been done by Laird f‘én_d Kendig (1951)_ to deter-
mine a correlation between the .Size of the air b#{)bleg and the degree of |
attenuation of sound at variocus frequencies. ‘Carstensen and Foldy (1947)
.have also studied the effects of bubbles on the propagation of sound waves
through'a liquid medium.  Water temperature also has an effect on soun.d.
waves. _(M‘arkham__,. Beyer and Lindsay 1951; _’I‘eetef 1946; Smith and Beyer

1948).



. The e‘xpés.ure- tirﬁ_e required to kill animals is relatively long.
Anjimals that were k'illéd.,. either. in air -ér‘ in liquids, were exposed to
sound waves. ‘fqi‘ periods of time ranging ,;__f'r-Om.:thfee,_to four minutes up
to 25 miﬁufels '(Alleq_,- Frings and Rudnick 1948; Chambers and Harvey
1931), . Cumulative .ef;Eeci:'s... of subparalytic irradiation will preduce para~

lysis (Fry 1958).

Susceptible Tissue

‘Nervous tissue is rﬁbs-t susceptible to sound (Punn 1958; Fry,
Wulf_f, Tucker and Fry, 1950; Hopwood 1931; Wall, Fry, Stephens, Tucker
and Lettvin, I95]). Lynn, Zwemer, Chick and Miller '('1943') describe
cerebral d‘ama.geij—i_n -_1iv1r=ig_an-_-ima1_s..,caﬁsed by irradiation .of focussed ultra=
sound, The animals were affected for about 16 hours, after which they
once mare appeared normal, Wall, Fry, Stephens, Tucker and Lettvin -
(1951) studied the effects of focussed high frequency sound beams. on nerve
tissue in the spinal cord. - Paralysis, destruction of glial cells and loss
~of the supporting elements in the nerve cerd were a :'t-e_su_l_ti, In. 1958, Fry
pub_lish.ed--a.dé_fa,_iled__ r-e_x:'(_iejw on the effects of _fo.cussed-ult-raso_.und on nerve
tissue. "'D_"éstruc‘tion of g_ill filamehts, haemolysis. of erythrocytes, and
damage. to _.sk_é':I"eta]._- muscles are also a result of 5_:i3_;.radi:§tion. |

Al Of_theé-é effects could be applicable tothe lamprey.

Prstimiasy Saties

| 'Kieerek_op‘e‘r (1958) made a preliminary study of the effects of
S'm;__nd waves on adult l'anrpr-ey, but found little ér no effect on their behaviour.
No -ex'per'imenfs) Were done own the larval stages of the lamprey. Since ammo-

‘coetes spend many years buried in mud in stream beds, .andfreme‘ndous



p'owef is required to beam ultrasound a few .inches into the mud

(Kleerekoper 1958), this .a,specf hardly s.~eem5-. worth investigating. Mi-
grating ammocoetes might be affected by_an-appafra.tu-s-f _th_at would affect
adults, but only if the larvae were inthe stream ptroper and not buried

in silt.

C‘on,({_:l,usifo;n_s.
o This type of preblem must be dealt with in the field, and equip- .
ment of any type must be designed for ultimate use in the field. This
applies to.techniques als@. - In the ideal laboratgry environment it may
“bhe possible to kill .of mairm sea lam}:),re_)lr,, ‘but techniques which will work
in the labagratory will not necessarily be successful wheﬁ applied o.ut'side.
The equipment necessary for transducing high frequency sound
waves has been described in.detail by Crawford ..(195_5) . For underwater
sound a quartz or ba_.r.ijum_titana:.te_-c-rys-ta,]_.-ié,.usec"l_. A generator to provide
power is also needed. Lenses and reflectors for fq;cu.s.s-i‘,ng sound waves
are ne.ede'-d"_',- and would have to be placed in the stream bed. Compound
heads for focussed wayes. are very cumbersome and require proper
heusing. Expert maintenance would be required for this expensive equip-
ment-and ¢are would héve te ke ta:ke'n:to‘ a-v’oi_d-damage_.in.s-easonal floeding.
Lamprey would have to be gunided. intg-a certain area, and held there while
the sound -Wéve s to‘qk.e_f_f_e'_ct_, after cavitation and attenuation had been sup-
pressed.
. Taking all of these facts. into consideration, the author feels that

further experiments on the use of sound waves of Hi_'_gh or low frequency as
-a means of controlling the sea lamprey would not be justified at the pre-

sent moement.
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