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SIGNIFICANCE OF CERTAIN FISH SOUNDS

[Following s a trenslation of an article by V. R. Protasov
and Ye. V. Romanenko in the Russian-language journal
Zoologichesldy Zh (Zoologieal Jourral ), Vol YLI, No 10,
Mosoou, 2, ppr 1528,

Institute of Anima) Morphology of the fcademy of Soiences
USSR (Mosoou; and the Accustics Institute of the Academy of Sciences
USSR (Mosocow '

Underlying biohydromaoustios, & new biophysical trend, are
the study of sounde mede by vweter animals, and the slucidation of
their signifioance ue signals., The history of biohydroacoustios
has been given by us previously (Malyukina and Protasov, 1960).

The first work on biohydromcoustics was done during the
Second World var, when, in commection with the mass use of undervater
position=finding equipment, the question arose as to interference
from living water orgenisms, Even at that time a large mmber of
different and intense uniervater noisee of biophysical orizin were
found, Sometimes, thress sounds absolutely muffled the propeller
nolse of passing sM»s, and sometimes ssoustio "mines" exploded,

In order to eliminate the "biologiaal® sound intsrference special
f41¢ers began to be put into the position findingz apparatus. In
sommeotion with this, records and agoustic analyeis vere mmde of the
gounds of some animels in the Pacific and Atlantic oceans by Japen
end the United States, After the “War, meny countries took up the
study of the interprstetion of blologicesl underwater sounds and their
goring in tha seas (USSR, United States, Japan, France, Norway, and

others). During the same period special studies (Pish, 1954; Shishlova, "

1958) were mads on the ucoustic analysis of sounde emitted by fish
in connaction with the problems of the fishing industry.

Even in these uorks it was noted thet many fish have their
own sets of sounds, by whioh schoole of them can be sought and found,
After the work of Fish (M, Fish, 1954),abroad and in the USSR studies
began to appear by J. M, Moulton (1956), W. Tavolgs (19%8), V, R,
Protasova and M, P, Aromova (1960) olerifying the umeaning of the sounds
meade by fish and other underveter organisms: blohydroscoustias becane
s new trend in animal ecology and a division of physiological eecoustids.
' The main task of biohydroscoustios has become the study of
sooustic interrelationships of water organisms, Do these water inhabie

snts give sigmls of dangsr, of finding food, and others, as is dons,
exemple, by birds and many meammls? Which organs give off these
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' Taounds and how L 1+ donet T
Naturally, the only method of answering all these questions
is by sxporigentation. The sounds of water animels usually appear
with certain bshavior remotions; therefors, for the purpose of intere
preting thelr bilolcgionl significsnce it im necessary to srests these
resctions (feeding, ettaok, defense) experimentally, with the simule
taneous registration of the sournds made, Proof of the sigral signie-
floance of one sound or another is the possibility of contrelling the
behavicr of the organisme by bringing about the appropriate reaction
by sound, o
Experiments for learnirg the significarce of sounds made by
Tish and other water organisme as signals ean be performed only with
high aquality recording and reproductiion of the sounds in-the water and -
Inowledge of the details of the biologiosl interrelationships of these
orzeni sms. o
Clarification of the signal significance of sounds mede Ly
water organisms and partioularly fish ocan be of grest practiocal impore
tance. Imitation of sounds which ars significant as signals oen be
the basis for voriing ocut acousticel atirsoting and repelling oateh
.methods,
. Study of the significance of sounds as signals is associated
with the general study of aignale made by water organisms. Of partiouler
interest in this connsotion 4is the analysis of lceation types: light,
slectrical, sonic, inlra=~ rnd ultrasonic.
The tremenious mushexr of species of undervater faune 1iving
undey different conditions have given rise to & great )
variety in the arrargevent and operation of sound=producing snd sounde
deteoting orguns smong ite representatives, Many fish, for example,
ara sapable of oriemting themselves to sources of very low sounds with
long wavelengthe., Thelr sound detectors (the lateral line and inner ear)
make 4t possible to lnoalize the svurcas of iowe and mediumefrequency
sourde through a prinsiple different from thet used in loocation teohnique.
Vo less interestinz is the method of produstion of sounds, diatinguinhed
by a high degree of efficiency, by the fish., Biophysiosl study of
"1iving models of perfect sound projecters and receivers mey be of interest o
for hsasafoouationl angineering. These, in brief, ere the problems

confronddng biohydroacoustice.
“he pEessni report is pabbmefeamifuri on biohydrceccustios, .
uh B TN -Andzeyey - and=—3—PMin-

In §t the sounds made by some fish ere described; their
signal end bieTcgioal signifiomnce are elucidated, and exporimente
sre desoribed for findimg out the capabilities of fish ir determining
the diresction of sources of underwster sounds

Material and Methe
L. The experiments and observations were made in 1060-1961 on ___J



'
E-u'tne and fresh water fish in the Black Ses, Rydinsk Reservoir, at -'
the mouth of the Ilon River, in the water bodiss of Moskovekaya Oblast
ae vell as in the aquaria end pools of the Mosoow 20clogical Park,
Moscow University and the lechthyology Luboratery of the Institute of
Arimal Morphology of the Adademy of Soiences USSR, lMore than 40 species
of marine andfresh vater fish were studied, (A complets desaription of
sounds made by ish will be given in the Atlas Zvukov [%tlu of
Fish Sounds/, beirg prepared for publiuti;;. éo volums and rature
of the material being amalyzed in this artiole are shown in the Table.
" The sounds were recorded within the sound frequenoy range
of 50 to 10,000 oycles s secornd by means of a specially constructed
portable sound recorder, consisting of a hydrophons with a sensitivity
of 40 miorowatts per bar and e Reporter 2' tape recorder with an
improved amplifter, )
For the purpote of tirowing light on the general naturs of
the sound signals the latter were photographed with the aid of an
MPO=2 loop osoillograph, The photography was conducted during reproe
duotion of the tape recording. The photogrephs shown below depiot
the time und smplitude charscteristics of the fish scund sigmals, For
the purpose of olarifying the amplitude=frequency characteristic, the
tapes were analyzed with o spectral analyser (of the ASChKhet 4yve),
For the purpose of interpreting the biologioal elgnifiocance
of the sounds mmérous experimentel cbservetions were mede of the
relationship between cartain behevioral resctions and the asscoiated
sounds, In sone experiments the gignal signifiosnce of the sounis
was nade clear, For ihis purpose, the resaorded sounds vere reproduced
in the vater by neans cf & uatereproofed prejector.
0ften, the fish themselves were used as the sources of the ssund,
After dividing the scund~producing fish iu the aquarie and pools inte
two parts by an opaque, sound-tranmitting cheesecloth and makirg the figh
in ore compartment exit sounda (feeding, frighteming, and others), wes
observed the behavior of the fish in the other compariment, The faot
that the fish vwere makding sounds was ohecked with the hydrophone,
' For the purpore of finding out about the perceptibility of mounds
rmeds by f4sh the fish wero trained with respect to_the fesding sounds
which they made. Food was used as reinforcemernt, /In other words, tape~
reocrded I'ish sounds were projected at the Piah when they were coffered
food/. ) simler method was used for finding cut about the capaoits es
of fish for determinirg the direciion of sources of sounds, In this ocase,
with the cim of exeludimg the possidbility of ohboutfgpn of & conditioned
reflex to place, two identical projectors vere used. /two identical
projectors in different places were used ir order to be sure thet the
oonditioned reflex formed vas not baeing formed to the place at whish
the fish were fod/.
The observations of the behavior of the fish during the projestian
3:: the sound were mede in the sea hy moans of speokal undervater equipmedt
d i{n the aquaric, by means of motion ploture photography. c—
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4 | Temuwk ropluia (Corvine nigra L.) A, - V1i=-=VII1 1004
28 | Pyaswa (Crentlabrus tincs L.) A, B,Bn, x0) Vi-VIII 1984
24 | 3emexyurca-oucanra (Cronilabrus ocellatus For.) B, B{n & o)f Vil==VIII 1081
25 | Patunx (Cranilabrus grluus L) AB(m a0y, 8) VI=VIII 106t
28 | Mopexol nevum (Cinldropsarus mediterranens L.} A (n, &) - | Vil-=VIII 1081..
27 | Kedam (Magil aurrtus Risso) 1 Admy &y e} b VIV 1064
28 | Craapuge (Trachurus trachurus L.) An & 0 ViVl 1681
20 %&pxx {Chars puntszzo L.) Ar, & 0 VI 4044
30 | Macxnps (Sarguss avnvlaris L.) Ar, 2, 0 VIII 1684
81 | Bapadyan (Muilus barbatus pontieus B.) A B (na Vil--VIII 1861
.82 | Ye ;«;uc & urae  (Syngnathus nigrolinsstus| A (x) VIII 1054
. W, ’ -.
88 | Mapexoit oxyus (Smaris smaris L.) 1 AB(m, VII~Viil 1061
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88 | Mojpexoft xounx (Hip, ocampus hippocampus micros
| atophanus Mast.) A (n, 0) VI 4984
80 | Arepia (Atherina ncpsetus L.) A, 8 Vil--Viil 4064
87 | Boftuomax puitks {Bettar splendens Regan) A, BB A(tz.ia;.y, §) i iaagﬁi?ggo
88 | Cxannput (Pterophylium cimekey B. Aul) mu LY, 0 | IX—XIl 1060
1| oy ittt oy | 6255 o] N
! Ha cqnaty (Clchlasems n fl , M, R Y. o
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Trmmnnx (Tilapia galilala Artedi) i Al 111 1084
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e BMACHAIONG COOM00NOC N PiID ONPERGNATS KATNDARZSRNR NCTOVNNNLS ASYXOS.

Xey: A=erecord sand snalysis of sounds (Tl~reedings A --movement;
Heespawning; Tewthrest; Cweorientation: S~=pain); Be-experiments
slarifying the signifiosnce of the sounds &s sigrals; Beeexparimente
olarifying the oapacity of fish for determining the direction of the '

{_sources of the sounds, [t_he key 4s continued on the next pa
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I'"g:y, cont'd/, /The titlen of the four coluwns ave: Ordinal Mmber;

L

cles of Flehs Natuwe of Experiments and Observations; Date of
Coservationg/ 1. belugm; 2, sturgeon; 3. sevriuga; 4, roachs 5.breem;
6. Damube catfish; 7. piles &, burbot; 9. loseh; 10. earp; 11, 1de;
12, tench; 13, orucian oarps 14, "verkhovim'; 15, "banded catfysh®

¢ Rugsian here is w ) & variety.of catfish feor whioh
he species name 4ie not the one glven but rather Peoudodbagrus fulvidraee;
the species name given is that of a differert entfish, ealled
%tn Russiap/s 16. silver oarp; 17. eel; 18, grass caxp; 19. snakes

3 20, pilm=perch; 21, perch; 22, ombre; 25. seaeparrot; 24, a kind of

wrasse; 25, "ryabehik" /another kind of wresse; a1l those of the genus :
Cremilabrus are wrasses/; 26, a rookling; 27. wullet; 28, sead; 29, .
"subarik® /a fieh with toothed jaws, belonging to the chnuoinihr’s
20, sargo; 31, Black Sea surmullet; 32; Black 8ea pipefish; 33, plcka=
rel; 34, sole; 35. seahorse; 36. atherimd; 37, Mghting fish; 38, angel= -
it;b:'l,' © 39, Ciohley 40. parsdise fish; 41, gouremi; 42, tilapis;

« danio. '

The Experimental Date and A Digcussion of Thea

Blological Sounds in Water Bodies. For a mmber of seas it
has been determined that the sounds made by water faune changes in
accordance with the secason and time of the dsy (Dobrin, 19167’§: Theredy,
the maximum sound production ooccurs during periods associsted with the
reproduotion of the weter snimals and with foraging, Our data eonfirm
this oconclusion. Blaok Sea fish (ombre and sea~parrot) begin to
make sounds during the reproduction period (May=August), These fieh
produce sounds most sotively at twilight and at dawn, when they feed.
The periodieity of sound production by weter animels is wanrifested
in the most clear~cut mammer in fresh water bcdies (Lake Senesh in
Voskovelkays Oblast, Rybinsk Reservoir), In the winter, the bioclogical
sounds vere not detected under the 1ce. The silence stops in April=May,
and the feeding sounds of the fish begin to be hesrd, At the erd of
May=heginning of June the specific fish sounds associated with spawning
apnear: the chirps of the roach, characteristio sounds of the brean,
tapping of the perches, eto, During this period the sound baokground
in the water body changes considerably during the day. At sunset and
during the night the sound beokground is greatest, Various hydrodynenio
noises are heard (the chirps of hunting fish), with sounds of unimown
organimme resembling ohirping of orickets; oroaidng of frogs, calls
of night divers, and othere. 1In the daytime, 80 peroent of the Sounds
of biologionl origin disappear, In the autumn, the hiological seunds
in the water bedies become quiescent,

Observations in nature showing the relationship between mmes
production of sounds by fish during spawning were aonfirmed by us
experimentally on aquarium fish (fighting fleh, Pterophyllum, and '
others), By stimulating or inhibiting spawning and the initiation of...
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rﬂu prespawning state in these rm%, 1¢ is poenidle at will to incuﬁi
or reduce their somio activity, - '

Feeding Sounde of Msh, Note should be mede of the sounds
which fish make when they capture and cheu the food, Feeding socunds are
involumtery; they sccompany the act of feeding.

In the nature of their feeding fish can be divided into
predatory (cannibelistio) and "pesceful,” feeding on other animels and
plants, Differences in the mode of feeding are expressed alsc in the
acoustical characteristios of sounds produced by fish., As & rule, the
non=-predatory fish are ommivorous, '

Predatory fish and scme large nonepredatory fish, mamely,
the pike, pike=perch, large perches, smkehesds, Damube catfigh, deluge,
odeAn perches, .lates, sharks, large ombres, rocklings and others usually
swallow their fish whole, without chewing on 4¢.  As a rule, the capture
1s assooiated with a characteristic olap or iupact sound in the snalwhead,
louch, large perches, rockling, and spiny dogfish; with specific *ldok"
sounds (Danubs catfieh) and sometimes with specific shrill sounda (beluge),
On Fig. 1y & and b, vhotographs are shown of the capturs sounde mede by
the pike=peroh and spakehead; on Fig, 1, ¢ and 4, the sveotrum of their
frequeneies, The eepture sounds are different in fish of different species,

Non=predatory and some predatory fish, namely, the carp,
ide, tenoh, orucien carp, "verlhovia', roash, ombre, mullet, small scad,
and others feed on varisld food (plants, relatively sessile bottom orgenisms
and moving plankton), i should be moted that the sounde which they make
during feedins depend on the nature of the food, When they feed on
relciively immohile organissz (Chironomus, mussels, and others) the
carture sounds made by the mejority of fish are inaudible. Sometinmes,
only the hungriest fish capture the food with emacking and sucking noises
(1oach, bream and others) or with & very much muffled creckin~ (seae
purrots. Yhen feeding cr mobile orgam sms (Gammarus, insects and cthers),
they usurlly make sounds during the capture: orsoking (ses=parrot, smell
ombres and others), iwpact sourde (smell verches, smell pilke~perches,
engel fish and others), loud champing (crucian ocarps, carps), I4 should
be ncted that many none=predstory fish eat nciselessly.

In contrast to predatory fish, all non-~predatory fish ususlly
grind up ocapt.red food, thereby malking characteristic sounds : hioch resemble
rubbing ¢r greting sounde or the sound cf fat being fried ("'v‘rkhom')
vwith various tone shadings in various fish; the amplitude=frequency .
eharacteristics of the grinding and food=foraoing sounds are similar and
represen . & continuous specstrum with the irregularity in the frequency
range not oxceeding 5=& desibels, On Mg, 2, ¢ and b, photographs are shown
of the sounds mede by foreing food in by fishes of the perch fumily
(Cichlasoms nigrofasciate) and by grindingy with the pharynreal teeth
in members of the carp femily; on Wiz 2, ¢ and d, the speotrum of the
freguenocies of these scunis is shown,

“hen excited by sensing food, f1ah pake charsoteristic sound
Chara puntesszo makes & sourd resembling the putteputt of & motoreycle |

Mg, 3 o and b); the belusa makes loud rattling.
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r Mmong the sounds sade by fish when feeding are aleo the .]
hydrodynamic noises srising from the lunges of the fiah for the feod,
In the present article these sounds are not being anelyzed, because
their fundamental frcquencies are lower than 50 oyclos & second.

Perseption of Feeding Sounds by Meh. The spesotrum of frequencies
of the fish feeding sounds extends, as & ruls, from %0 tc¢ 10,000 eycles &
second; the pressure amplitude reaches several dars, The auditory
properties cf the fish are the following: in the mmjority of fieh
the spectrum of sonic Trequencies persceivsd (Malyukinmamd Frotasov,

1960) 1iee betwesn 25 aud 13,136 ovoles & second, while the threshold
sensitivity mmounts tc 0.002 bar. Odmparison of thess data pereits
dreaxing the comolusion that ths sounds mude by fish during feeding oan
be peroeived by other individuels of the same specias. With the alnm
of sonfirming ¢his ocnclueion, we nerformed an experiment on 2iver peroh
vwith the elaboration of & sonditioned reflex to sounds of capture and
grinding of food., The experiment was performed in a pool measwring
2x0.7%0.5 meter with 17 specimens of perch. The feeding sounds were
reproduced through sn electrodynemic sound orojector. Mood (chironemid
larvae) served as reinforcement. The hngry perch resoted to the firet
reproduction of the sgoumds with s unanimcus positive resotior: sn
invastigative food~securing reaction appeared in the majerity of them;
part ceéme up to the source of the sound. The reflex was consolidsted
efter 18 combinations, After this, tha reflex to the souuir veae
nanifested even under oonditions of consideradble sorie interfersnce

and not only 4o the sotusl foeding sounds but also to rough imitations
of then, Thereforo, the faot that f£ish peroeive their feeding sounds
wes shovn experimentsally. .

In parallel with the exreriments for the elucidation of the
ability of Pieh to perceive feeding sounds, expsrimente were performed
in aquaris, in poola and in the sea for the purpose of finding out
whether fish can determine the dirsction of the source of undervater
sounds, The uaterial of these expariments oonfirm data 4in the literatuxe
(Melyuline snd Protasov, 1960) concerning the ompasity of f4sh for
dJetsrmining the direction of & sourece of sound, In the pool (19213x2
metors) the surmullets and soade turned toward the source of asound
of a frequency of B00 cyoles s second from & dietance of 5«6 meters,
which exceeded the wavalength of the sourd; in the ses the sea=parrot
and sole reacted in & clear«cut menmer from & distence of four meters,

The Significence of Feeding Sounds as Signals. The anawer
%0 the question of the significance of fish feeding swunia as vignals
wes given in a mumber of experinents and observations,

The experinents on the resctions of river parches and sea~
parrots were performed in & noo. and in scuarie. Reproduetion of the
feeding sounds (socunds of capture and grinding of food) mede by
domesticated hungry river perch in & pool measuring 2x0,.7x0,5 meter .
paused a positive reaction in them: investigative food reactions and '
A purposeful movement toward the source of the sourd. ‘hen the feeding—
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sdounde vwere repeated many times without food reinforcement the roantioa
40 these sounds by the perches died out. This speaks for the naturall
elaborated oonditisned=rsflex cheracter of 4his resction.

During feeding, different speaies of wrasses meXs loud
sounde: "oracking! and sounds of food grinding. The first cbservations;
otagov and Aromov, 1 0) vere made on a group of h;ﬁgry sug=parrota

ZE;oaslabru- ocellstue/ snd "rulen" [Cremilabrus tinog/, separated

vom several feeding T4sh by an opaque, pound «tranemitting partition.
The isclated fiah becams excited when they keard the ssunds cowipg

from the other side of the partition and bvegan to swim about motively
ovey the whole aquarium. Howsver, thars were no purposivq reastions

in the direction of the source of the sound, Only 4in individual cases,

‘when the exnerimental fizh were at a distance of leseg than 15 om from
the pertition, was & purpossful movement observed toward the source
of tha sound,

Subeequently, an experimen’ was performed on tne resctions of
gsu~perrots to reproduvtion of feeding scunds., The mujority of sea~
narrots bocame excited and swam direotly toward the source. This
resction oscurred most vigorously in the aguarium 4f, &t {he same time,
one sf the sea=psrrots near the rrojeotor mede investigative movements
(viecal eignal). ' v ,

The significancs of the socunds of fesding es signale is also
confirmed by mmerous observations of thw behavior of hungry fish
under experinmental conc'tions, Ths Tichlasoma aquariuw fish make
loud noises when grinding food (Fipg. 2), Unfad Cichlasowa fis
vere ansparated from fscding specimens by an ousqueé soundproof /eound
transmitting intendad/ vartition, 'hen the Ciehlasoms behind the
partition heard the feeling sounds, first an orientating end then an
invesiigative food reantion appeared. The larger individusls at s
distence of less thar one peter frox the "source' of the sound resctsd
with & versisient mctor resotion to the scurse of the aocund, trying to
got throuyh the cheesscloth,

In our observetions a noeitive rasotion of #cme soecinens
to the feeding sounds of othere was noted repeatedly. When in turpid
wetor, the mes parvots swam up to the cther sea parrote, peldrg the
food capiure sounds, Trom a Sietance of 10-3C centimeters., Very often,
by the feading eoundr %he msle Mghting leh seaks cut & hiding feuale
from o distance of 50~30 o, The figh feading sounds sre of sigral
signifcance rot only Zor ths individusla of the eeme speoies; ihey often
acquire the nature of iutarspecies signale,

Iv epe of the vraervations the aguariui with ssveral species
(loaoh, "banded catfish', river and blus perch, mullets and grass carps)
wes {noouplately senarated into tue parts. The fish ware sdle %o go
frealy from one compartment to ihe cuher, although when they were in
d4 fferent oomparimenis they could not ses one snother. “hen fish of
the seze specias were ir sne of the sompartwents they wore given food.
17 the feeding fish wars loeches or perches the other fish, which were




at o dlatancs of 50«70 om from thew, were excited and swam to the
other compartment as soon ma the feeding sounds began, It should de
roted that the rete of the rsaction of fish to feeding sounds is
nrectioslly instantaneous, whorsas the resction tims (1n a control
cbzarvetion) of the same figh 4o squeszed hdce occurs after several
asinutes and iz manifested differently. This exoludea the vossible
ides of chexioal attractien of the fish to the feeding place.

‘ Fredatcry {ish resct in & particularly clear-=cut manner to
the faeding sourds of non=predstory ané predetory fish. Unled perches are
veryexeitad by revroductien of feeding sounds of persh, "banded catfysh"
and lcaches, &nd go directly towerd the sound projector from Jistances
af 10=80 on,

Roth 4n the experimentsa and in the ohservatione & clear-cut
purposeful reecotion by seme fish to the fseding sounde of athers '
ooowrs at short distances, of the ordsr of & fevw goore gentineters,

In the majority of onses the feeding sounds are orientative aignals,
whtsh are irterpreted by the rish as “attention!” The combination

of thie signal ~1ith others, nemely, the alght of investigative movenent
by other fish (visual signal) or julce mqueezod out of food (olfactory
snd gustatery signal) immedistely eauses a purposeful remction of
going toward the ssuros of the sound, In the litersture facts are
wall lmoun which alse gpeal for the signel signifiocancs of sounds

of' feeding, R. Buspell (1953) and J, Wastenberg {195%) desaribe
neans of catohing some pradatery fish of Afrdca and Indonesia by
oaking the feeding scunde of some nom-predatory fish, The catohing
of the Narubs catfish by the "klok" sound (Ssbaneyev, 1911) hes

elao deen lmown & lomr tirs; 44 aprarently imitates the sound

nede by thly fish in ostching food,

Sourda oaourring during feeding osuse mors than just o
positive reaction; the hydrodymmmic sounds crested by predatery
fish in capturing fie: cause & defense reastion in mmall Lish. Op hear~
ingthe hydrodynamic sounds of the lunging of ombres, small atherinids
soatter from thelr schools, fading sway on the surfece of the weter
{the expsriment wa¢ porformed with poor illumimmtion).

Aggreseive Sounds and Their Biologicsl SBignificance., Defense
tod attaok are the main elements in the inter= and intreepecies relations
of fish., Aggressive batevior of fish is often expressed in: food
relatione, in defenne of territory, in relations between males during
the spawning period, TPrevicusly, threat #igruls in the form of
8 drug beat by Crenilebrus griseus have beer deseritied (Protasov amd
Avonev, 1960)s Sound sigmals of threat during excitation by food
are made by unfed river perches (clspping noise), thereby raising
the dorssl fin, The strongest f£ish mtke the loudest olaps, Often,
afiar thogs olaps, the strong perch hegin tc race after the wenk onas
ahioch have eaptured food, A distinet resction of the peroh (swirming
evey) s meen ir Tesponse to thess sounds when mede et short digtances,
lass than 10 om, Some marine fich, nemely, seo parrots, sargoes, and
others, makes the ssrs wounds (cleappingz} during excitement from sensing

o



foed, In squarium fishe=cngel fish, Oiohlascme, banded ontfishgens
“ell as in marine fiste~son parrots and surgoss=~the varning soumds
often avneer in connaition wikh the defenss of territory captured

in ths squarium, In ihis connection the behavior o the Ciehlasome

ie most aignificnt. In the aquarium they usually divide off in pairs
(male and female), oosupying s certain territory. The "capiure" of
‘the territery leads to Pights, At a distance of 15«30 om the males
nsgune torestening poves and make loud olaps, The mmall spacimens
near tre sites of the fights, drop to the bottom, sasmuing defensive
Poses. The obaservations showed ihet during the fights these sounds

de re* ceour from mechenical izpasts of colliding fish but are madae.

ta signals of threat, . »
These clapping tnreateming signals are made by male .

Mdchlesoma, fighitlug fish ard angel fish during fights for the fewale ,

23 well as whan the male chases the femtle, Exparimefewith the ’

soraraiion of figh Ly opagas sourndetransml tting nartitione shoved thal

i ogourrence of thezs sovnde in the aguerium excites the fish,

! clemr=sut dafenze resetion (swlmming away, £light) {s manifested when the

souros of gound 12 az & distance of several centimeters (ieces than 10),

In tihe majority of lish the dafense resotion is axpreesed in the most

clear=cut marmer when the sound ard "visuel® signals act simultaneously.

Threataning signale occeuwr among fish nct only 4n the form of
clooming, The bawnded catfish meke threatening sigmals similar to a
shrill squeel, They wsually make these sourdas when chasine afier
Maainy fiah,

In g, 4, a8 &xd b, the merasinT signals of anpel fish and
Liehlasoma are shacun, On Mo, 4, ¢ and 4, the spectrum of the freguencies
ol thess scunis 1e ghoun,

Joomdes of Pright am Padn in Fish, Then frightened some fish
¢ vtter sou.da, The roach, c¢sught in a casting net during its :
roductive neriod, makes e loud chirpiny ssund, This sourd s evie ;
1y of' defensive #lsnificance, sprarently csusing the veardy roaches ‘
lo ror avay. .
' araeterigtle hydrodynenic sounds are wads hy the follouins ;

sorenls of “ialh when fxdrhlened: perches, roschss, voont atheriniie, :
cura, 5eq nwersoets and ornern,
Tne eaonstle fright elrndls of schwola of fish are apssreatly .

21 2odinite immertance as gignels, maldng 1% nossible for intividuasle
e the zoboola to corry out reapld waneuvers, 1This is aelso ilndloated
b osome date in the [ itavature [Noulton, 15603, O Tiz. 5 ths fricht .
counde oF schoela 5. wousg carp ere shown, The grectrum of these
gsoundg 1z ssalnly o7 low Freguoncies,
I the litareture {Jaes, 1699) there are glotezentr to the
effoct that wounded T sl must utier cries of pasin., With the aim of
cciardifying this nroblac exsarinent« wara nerformed uith wounded Iiah,
CSmell specimens of various greeles /roach, ereclsn carp, narch, ses
narrot, oream, oses. psrch., rced And othars) fall te make aharactariastio
sounds when wcvnded, Laree figh [aturgeon, loaoch, romoh end breaw)
frequently wmale loun zoundz whon wounded: tha reao and “Yresmewlond

1o
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o #ings the sturgeon and losshe-loud ories. On Mg. 4, e and b,
the nounds made by the loash when wourded are shown, Thess sounds
apperoptiy ocour from vigerous conmtrastion of the owiw bladder amd
irdontine, squeesing out & pordfon of the air. The aigrifioanes of
Shese soUnds as signals has not been oclarified.

Practical Utilismation of Pish Scunds. Previously, 1% has
been meptioned (Malyuidne and Pretasov, 1960; Shishkova, 1958) that
. \sounds made by fish are characteristic of different species and oan be

‘used 4n the prasploe of expleratory fishing for localisation and detestdon

Specifically, ws belliave that it is poseible, with the aid of sounds made
by schools of fish, to cbeerve the migration of commereial schoole with
* Yhe use of @ special cybernetioc sutomat. A detailed desoription of the
method will be given &n the future. .
Another aspect of practiocal application of fish sounds is the
possibility of using them for attrscting and repelling fish, Along
this line, the problem has not yet been finally solved (no oritical
exparipents have heer made in the ses; no study has heen wede of the
ultre=- ard infresonic rangea of the majority of fe sounds). The data
obptained on the sownd range make it possidle to express cerlain tentative
;E:lidovnxion'. From experiments and observétions on the significanse of
ding end dangsr signels in various fish it follows that the motor

 fanction of fish to these sounds 48 manifeated at shors digtances;

4n soms fish, only with the particinatior of cther signale. Thls
charsoteristic is apparently related to the dominant role af one
analyser /sense.orgen in entirety/ or arother of the fish in ihe
existing eocological relationships. For fish (Danube catfish and aome
othars) in which socustic signals are basio, the sounds whick are of
importance as signale can be used for atirseting amd repelling fish
in fishing practice., PMor the majority of fish, in which, seide fron
“hearing, vision and olfsction are of signifioance, the focd and
defense resctions {sigmal, direction and control) are manifested in
rcapon;u 40 the sotion af the total signals (eourd, light, ohemical

nte ).

’e‘ The bahavior of these f{sh oan be sontrolied through the
action of a combimation of signals, whioh bring about the expreseion
of investigative or defense reactiona,

Canclusions

1. The scunda msde by various fish species are characteristic,
which cov be shown ersily by listening and by acoustic analysis, Thise
scharsotaristic festure can be used practically.

Z. Fish are cavable of percoiving the sounds made and, at
short dlstances (less than cne meter), of deterwining the direction
from Nhioh they come,

. 3, Feeding srd threetening sounds in some fish are of signi-
fioance 18 signals for stiracting and repelling cther fieh, but they
exert their effects ai shori distances. In the majority of fish the
food and defense reacilions cen he comtrolled only through the ccmpre-
hensive action of seversl 24snals (sound, light and others).

1'/



b, Sourds of fright and pain sre characteristic of wounded
Tish and prodably are of importance as signmals,

5. There 45 reagon to believe that the majority of ¢he
sounds studied ars vart of the acoustis signale covering larger
areas of the sound spectrum, Therein lies one of the possible reasons
for the low reactivity of the majority of fish to hiological signals
in the senie rangs. ‘ ' :
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OFFICE OF TECHNICAL SERVICES
WASHINGTON 25, D. C.

NOTICE TO PURCHASERS OF TRANSLATIONS

The main purpose of the translator of this report was to pro-
vide a translated text for use with the original material con-
taining charts, tables, diagrams, drawings, or other supporting o
data. Because of expense over and beyond the scope of purpose, !
originating agencies are unable to provide copies of supporting ;
data to OTS.

Upon receipt, OTS announces the availability of these trans-
lations, and where apparent indicates the absence of any sup-
porting data. Release of translated text is made on the gounds
of its value to those who may make use of it despite the absence
of supporting material.

As a rule, the Library of Congress or other libraries throughout ‘
the country have copies of the original material from which the !
translations have been made. A request with complete reference ;
directed to the Library of Congress, Photoduplication Service ¢
Section, will determine if material is available and the cost at '

which it can be obtained. The charts, tables, or diagrems can

thus be purchased separate from the text, if desired, and used

with the translation obtained through OTS.

This office regrets the awkward arrangement sometimes necessary
through which text and supporting material are brough together.
However, the over-all value of supplying translations where
possible, even when incomplete, is believed sufficient to off-
set . the disadvantage of having much valuable material withheld
from public use.
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