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V2~c8B M~I~~~B i~ ~a~io~~· ABiIi~-~ Bo 1~1~4c~ N~iin~be~-~ vestigaior, the anilnai WhPUld spontane- 
oetsly enter this area and strand Itself. 

and D~aa~ons o~ ~n~san V~weaB Bo~s~s The animal conlci ei"rher seep in i$e 
tank or enier thit sidearm on its owl? 

AbsCract. in addition :o irs no;ltlal iiilcierw~clre,· sol2ic: co?;lmunicarion iialil, Ihe initiative. To obrair? high-quality re- 
dolphin (7`ursiops !riinca!us) cafl he t~·iii~rcri io c'ii2ii .,·o~r,ltls· /ro~n fllr bjow.- cordings of sonic emissions irom the 
hoie ope~ieri iP1 air. i7v p,ope,· )·elil(iTalllK jpositil:e Ic·ri2foi-ceinrnIj clnd elloc·aii~·e hi!~7an operator. and from 7`rtrsiops, 
Icciiniqlcc·s, such ioi·ni ct,~i.rci:,~~s (:(7n i)e cilciilgec! ji,o;li ifie liiifurcIl pnl!ei.n.v. r.;lcist cri?erinlet~ls were done wher-! Ihe 
Orrn sucli group (,/ soi!nd,c~ i.r .vtrid to r·e.ri·inble rfir ilnir2iir! \loicp !"voc·i2( unimal was iii Ihe sidearm. The ilni~r2r?i 
lilili~jcri·.1). ~Spects t7J IhCSe' SOLII;IJ.~ Itriric·!1 crre rilisiraiiv iic!rl,lii!ilhii·, specijinh!e. ~ern-iinaced ihe -speriinen~ by returning 
u,!o' cienroi:.r~lrtthle are i!le si,jliinritic·s iii i?iii!~~ci's ot hill·sir of sciilnd ei,iirlcd hy irom the sitiearni to the laiik. %he 
;,zarr arl$ dolpkiii ancJ iii ~i.ails oi Lhe !:ii~k loor~ w~~e acounli- 
exci:u~lgc.v !~P n11173!)P1. C1 hl!rsls einiricd hv 7.ilrsiops cyi!a!ied, ~:I. il~e iii/iirhei- cally Ire~lcii Co reduce echos, 
ju.st PTL'1'/~Li~JY ei?lir~er/ i:\· (i i,:ci!~ irl sec/l/cr!cr.r oi oi?cl rc· ,el 

hicrsr.v. Tur-.i~iops was induced (irained) to 
n~ake a series of- suunds ini;n~diaYely 

In the course of euperirnents on T!ii-- Se!S Or ~eql.!eniiaii snuriiis (human_ 7.r!r-- nfter :1 hlln~nn inacrie a ~onle emission 
sii,l'"; h~!ii?an. Tiii-sic:iic.- and SO I)iij in con~isting of ss\crai hursrs. The tecR- 

to intluce individual doiphins t; chnnge reseiiit,lanccs ~an t?e i~ici"" en~p,lovei: M:as thai of oy?er:tnt 

IPle mocie oi vocalizariuii i'r:,m t4~t ileiected, :ii.ii:i-i i·csiiits suggest L·i;~al condirioniiig. with iininediaie posieive 

used na!ural!v uniizru·ater io ::ilorf·ier miinicryy of some specifiahle ph!:sicai reiniorcenle nl at-ter each Tlo·siops emis- 
tYP" of emission in aii-, and to n?odify features of ihe \roice of Ihe huln~ii in- sionl rcgardiess of whether resemblancrs 
ihi: narurai patterns ol scind ( i i. i:ci.- ;-e·r!i$aic`r n;ere d-tecreti (3). After initial suc- 

:nin aspec;s oi ihe resul~s ~r~ in esse!~- 
intiividual 7.ursic,p.i Ir:iilriiiii.~ !~~Ciil·· C~SsC~, oni~ emissio~s resen~bling Ihose 

lir,l agreemen.i \"~iih uhe ohservalion· o' !;ii:u i ""re iso)aretl i:ol-;i~ least 2 hoi!ii o:::i?e inan w-re rewrrtieii: dmtSCLnbiC· 
Aris~o"ile (~j. S011~~ L;;lbjeCtiVti jil~~- and reSlriCteCi 10 a rai?k of ii;Ble; 2.1 n~ i-e'cnibianccs u'ei-e Ihus selected anti 
mgn~s claimin~ iIeteciion of resemisiance square arid 67 cn, deeP. idn ~he side of cncouragetl. j.,aler. reini-orcen~enl 'N~s 
of some of tl?~ sotlntls n;aiie ii? ;lir tr? the ~nilk '1·:3'; a sjiiCaril! ConSrTLICiCd Oi "dclaved·; oi "rnnclori-i." anil i^rnai!v, for 
Fii~lnr,an \IC7iC(; SCIUi!(lS wer-e r-eportetl (I:, piexig!;~ss: Ir..? iii long, ii) cn? ~yidc, arid short runs, no fc·rni;:ii i-ciniorcemen: vi;a~ 
In this paper i pr-esenl some oi- the 45 cnl iieep, nnd contail-~ing '.,5 to 25 needed. 
BhS:sical!y meas~!r~b]e asp"cT' of ~\i·io ~~~? ol: waii`r. Oi? r; oile 

i:i·trm il-le in- lr. i~~ a given sessioil. 7`lir,i·iops did 
not give the dcsireci rf~ponses, the oper- 
ator LVi)l.!i~i ~:ly 'i(S jOlldly anti ieave liis 
~ire hC~ide Il·ie sidearn~ inegative rejn- 
f-ol-cernen!:; ~Iic resi.lltii~t· "iraiisac-ron 

5 5 44 35 deprivalioni' seen-ied to improv@ per- 
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I iarmanc~ in ~he licst s·ision. h;enes- 
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Sounds ~i·;erf recol-ded in ~wo ~aC- 
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!"jn~ltet; he!'oi-e re(ui·ni!:g :or anoll~cr 
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u cj n-ric-talic ch;inii~ls (") ~i?!l Iwo air 
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microphones (s:)l orre besid·f~ Che i~an 
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i ij ~~-_---i ii'i;\_~c;3 were conducleti wilhh human sp:ech 

ii ai~tl;i~e ~lheT b~ 7'l!i.SiOgS. 
r i i~ 

II :?j ii· I'i?i-ee separnte sel·ies of experinneilts 
~II II i i i 

.__i_~_~. 
C\1 

~ountis: (i`i A sei of wofds anti phrases 
ciiosen .Fronn orilir?ary speech were 

I B~i 6) usee! b~ Ihe human ope;a~or~ three ani- 

Ii. n·als \I,ere useti anti sLiveral huni~reci 

ji c, ii i cii, i.;,r,.f consonant- 
O c~pcr;nlenls were condncted ovet 

iii 4--vear pfriod. 
O !! vowel and vowei-con·onan: svlia~Ies 

'cr: c- viere r·eatf air?liil il~l Ifie inaill the sarrle 
1i Ihrec aniinnis were used a~ ill (i). and i '.i ii 

i 30 e·iperilnents e~lcnc!eci o~er 3 i-ilon:~s. 

i I~ (iii! 'iinrious r-earrangemenis of tE~e 
iirls ni-clsented l;y a tap-ii r?r-ogram werp 

Fi~. I..i-hrc-e lypical vocal exci-langesl I?ian-dalphiri. Anal\isjs arii! gi·aphic pre·ei~!::iiori pla?-ed back (~ one of Ilre Tnrsiiips 
of a purtion oT a r:lagnetic inI?e ;ecol·cling withoiit alitingg cir editing (real rime, c~n- 
iiniltr:!s). Five, four, aiic! three h~trsts in each oi' ihice hl!n?an oresentations are niaizhed i?~ed ill experit~en~s (i) a.n,i! (iil. II 
exactly by tltose of the doiphir~. In Ihe ru~iddie and hoirom tr-;icer the ~u'cl vojcel- ,ii-e ~i~ch s"l?"'.i"'""tS were condu·leLi. ~Phls 
wpar-aieii, for graphic purpcjses h) two nar;ow pass ban.i fiIlers (Spencc·r-Keilni·c;~· ) anti repo't concerns the secand &roup. 
displaycci :jepai·ately. To co\;er the wiJe ai~ii,liil.!de j-ange /"(! db) an autorr?n~ic gain D~lriilg;he e~periments wieh ~ree hu- 
control circuit was appiied ~o ihe combined s;gnais, and the re·illiing si#nal i~ displayetl 
i~ the upl;ef-most Ci,ace, Foad :eiliEorccr?lcnr was :ised at i'le riines indicateti h~r i·: II; indi- "'"" "r'e'h iii lh· recordings sho~ed 
·,ites:vai:el- si;!a:;hi-s. l`he c:ili-;ilii:,ri o: liii- seglncni oi i-eci·rti i'. 2:: scccirid`. ·c~!ne curr-espon:ience beiv:ePn Il;e niim- 
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i4 3 $er o: soni6: bursts cnlitecd bii rEze -a?an e~chaliges ihe nurr,t·e- C7f 1)IITSaS 1~ ~7iQ 

;l!i$ tile num~e;i a: iii·rriedi~*cely eer:- dolphip,'~ re·P·snz·t7, exac:l:i equPffcc"i ~&at 

2 
by j~ibP-SdOFS. :ii. tine preceding i;dnr;lan emissi~. setjuenl brlrsli; emir-d 

Figure 1 silo~a·s "he vn;iaiio~ In ilrr·a- 

3 ul: to ;enl or more ~yiirzbEes if t:iis crper- iic:;1 i;f cacil einission, duraa:on 05 ;he 
at31-:~ d*3jiYlie~\i WilS S:illici!3Ti:!y well diii-· ro~al I·!urna~ -,m:~sioll be-.i?g compar~ci 
I-ereniiaretl. ~!`o check :ixese i-eu!~s a witii the cl:li-a~ior, of' rursi'ops' IcPeal ~e- 

W i i ;5 2 ii~e oir i·i:!nsei:s~ s~iini-,le· ;ii) was tie- ,iiy. Fiir?·~li-l"o perccn~ of el-re ·iE,scic··c:a- 

i "i 

5 2 \'ISiid Ij; cla·rif:3) the i?:icnoiiiena by i'c- ?ions i`al'- ~ili!in -1~-5(t percent c;F -·quai- 
:niiving i~cnis cai--yinp !~;eanjng ~o: znan :4; over- tl,e raii:e 0.1 lu IO reconds. 

5 
and iniroducing systeriiaile ~ari~rions n -b`hc: ililn?ber·1 a· wet! ;as e!i· h~ura:ion, sf 

Ih~'St Of Slii;lil!i. i!;e brirsts a~ecls e:le ~o:ai ei·si~i~i·ijn 
i/ 5 i Ibe vo~e:s a!·ti coiisonan~s. se!ecleti ~in~e. 

!C,anz C!1- lisr o!: i-`!eicRcsr (cj). \i,lei·e ;Th i:i:iaaisii cf eac~i expcrimerrt 
depencied ori :he dr·1P"i~i-i;'h~ iiurarions arbitrarily dividcil into gii?ups; botR one 

F;g. ~. Dislribi!lion of ;h- niimi?ers of vowel nnci c;ne ci:r-·sonarlt (!r each groui; o~ inciivicin~l e~p:rinnenis wi~il repro- 
hilrcu in eack of 4(i hi!!ii;iri emi~~ictns ;!!iii ,,ie ·hoscll :ci I-e!iresenr ihal groi!p, dueibl" rai:ic! cschang~s (zveia,oing o:re 
ii i:ach irnmei!ia~ery cclnseqi!-n2 ilolphin ihe fin:ll !~·r cor:tainiiig ~ \·iiweis (:I) ever-y 8 ~ecc?:ld~) ~eri: iiorn B to .30 
cmi-~rion. T$it namber oi` i?r!!-:ts ;i; !:ach 

biInran er-nission (i:) ;s o!i ~he nbscissa( ;""'f ii cu!!soi.lanls (i.) (6;. P!·oi:ia!·nce- i~~nule~. Once ~;;ir-!-cci~ Ol!jY r·aiely 3~d 
~he nl;mber ii: thi: ci,nst--~ilili!t dolohin aliie colni?inatic;!~~ oil eacl? vovjei :ind :i!e:lr:irna! iaii to !-rpiji ts 4he lunlan 
err;is:iion (rl') j:i:tn Ibe oi-din~:e. ~~i?e ii-i- i~ach consoiian! i;.ei-e cori~posi·tl i~;lo c\: \loi·e. /anaivse~ c;f oiher· r`i~pecrs of 
slarrces or cxai·~ equa!iil· (il L:: ?21i :iTI: oil ;i anil vr nair'i, jl''); Iliiab'es ) ii,cse emi~sion· (i"cirrT:ant ar?d pi;~h 
45" Lir!e (r;larliizg al ii :: c'?ai-acee!-ii:ijcs) will bi· i-cpr,l;le$ aEa~- 
s;ancc.i; a!lci ;unnin~- ~ir· to ;I ii' ?vith 

iii t'!e iniii~l li-ainiitg perio!:! pair~ of 

I%~.ee !nstancesj. T~e lio insrr?iice~ in "'ii"i,les wcj'e r`:~osc`ri ior e~ici? tl-a:?s- wi~erc;. 
~hiclr li!e :icilj,l?jn aciJetf one bitr~t ar.e at ii!/ssiori:lnti ~'cre ?rcser-lreci ii; a i-cg~!- F'ncse rcsuit~ s~lo~ quailtiralivc~y 
it - ~ anc! i: - ·1. Iri s~v-ri iiisianci·5 it i"ril' v3:-ying scciili·i~ce Th~ ctpci.::~c;r .ioi?leii,ir;g oi- ~i-le :Ibii:i~ oP T:irrloPs ts 
::edr.icetl one; in i,ne instance. clcduclec! rea!i ihe !ria:er-i;!i aiouci frilr?l i! iWt)- !i!ij?i/C cerl~jr: as;,ec~s cii hurllai:? VCIC:3i 
Lwo: aii.i: cnce dedr!c.ted rhr-ec. Bn ne in.. 

~?ance tlid Eh~ dolphiii Faii :c! repiY "o the 
~!ii;-!ei;sic-·r!a! r;~;il·i·i iai:!e. V~T\-il-g e'oe ei!-lissi!,ns. -i`i?is,abilEt~ spen·r?s to ~ o·1~ 

human ~mission, order- uf piesentniion hy reatrirlg from oi many l-unc:ions oi- ~he 3a~~ ~oan 
ic?"i`t ~o r·igi::, rroni ritr.~ir io iei'i, cio't.i? (i7~0 g\ or this i?i~mr;ial and P~ba.iis 
coli!n~n·;. or rip co!anii~s. El?ci? ai:ii-I?::! se··e;-e r;l;odificarion ·3f Ihe i?L~LCXr~-pBII~ Ll~i~:-. 

C1:irri:ig ion?piex vo_a!izar-c?-;s ns l~bCr~~ 

i?'!lrt·ii scli""'"'"· M,i?cr: ~`rri·:iil:jii~ ga~~ .:ioi:s (i)~ ;j·jifi;r~nces fro:r, ob·~~a- 
~WC7 /3~.j!~t:, i:i:I. /V,-O p.il:ij3iCS;:iid i.lFT(:jy lions ct` other. anin:al· arc::rbrikiiig: evell 

q ,,- ~a~e e`it!n hl.irsi~- I:i~e fup~rir?-ier?l~ :ii: p::irrcjis vnii m-i!vIlai: birt-js appafenzl:i ciii 
jlTC~L'i:T 

7`iie !98 -\!!~ibies iii ~lte ii~i u:ere aiid ·iich suseained aiid accurate per·· 

1 reli!·ranpe:l iii --:li!doi-i? seiiIer-ice ;i!iij i'cirririarii:!,:;. I`o tlaee, Oniy iiOi:Tihil7S aI1$ 

..E gr;,rir;eci. il:!c'? Rrcirip cl:iii~;li!?ing orie ;:o hunlanss share this a%ili!-. 

~1 iei? ~viiaRii:s. the :laini:,ei· icing chctseil .ji3r:N i?. LIT..L`'I 

~~a ai I.;li~di)!l?. E;iC/i SYjiiibie W35 :!scii i'oiir C'c,i!i!i:iiiz ic-i!tii,ri Ra.seai-cir BP~str:(ulc, 
3 n n ~ii?~c`s il·I si!i:'r! Si.oap~. Each p.e·s;o!l con- 

sis:eci of :!pp;cl·;iil:"le:JI ~·i) I?;-ir~en!~- 
~rra w~·e~ r?e8erenc-s 

·i lion~. wiih c;i?e group ill caci? isr'""":;!- 
Ijoi~. Enci~ ~ilbscc(iiCnr sessi(fil s!::ii.ieci ;gl,;! o!ili i)~,ii,!!irl (DnuSleiiay. Ncp I'nlh. 

aij_ ai;'le point ii; i'e I(~r ai a·i:icii Tlisi''p- 
1961): PI·oc. .iir,;rr. Piiilos. i`oc. I~i, j?-n 
!1"6?): j,,,·,jiri·!il·tl- Bioi. A?bed. Q, No. ? 

oi 03 --i----~-~~ ternjinated the PrevioU~ ~esiio~. 
i`~e rni;" r·cct:;·tiingi \~ei-e nn;i!··zeti 

A. h2oi;rag\i aiiti J. C. !.il!y, ii? The Doiphir: 

Fig. ?. P~i~trihiilion of di.!raijoii~ of hrini~n ho'i' ~)· a iis!er!cr- anii by inkw:riler r-c· 
emission\;nnti of eack ::onseo.!!·ni -mi·\ion co!'rlii-,~s. 'Tl,e liseen·i- i:;tei'rec: io j')(-)th ,riri:i : il;ner. "I!~v·l;iai. Sec.. Waiii;ini(lon, 
by !;le ·loll?h.h. 7-ljl: d!.li-~iiOr! (:f 'i:iCil i?ii- I?i.C·· 1Y6*-i. r :5:. 
n!al·· en?i~~ion ir, on Ihe :ibsissa: i·f ea·il .';isii,-le; ?'iork-i ((jsi;,:d U!iiv. E"rss ~nti ihe blirsi~ (7i ;cUiiti e!;;ii!ed h~ e3ch. En~·cli,ocdi;l Bi-ilannica, C.hic::Qo. !Y52j, voi. 
doiyzh~ji? eiiiission: or: ~~it· ortiilt:ric·: eac~ i:e I~lie inka~i·iiei. reci(ircls "ii're !i?casiir.eil '· 1'· "": 
;z loi: ~cal-. E-,:rct eljli:liity posiiion·:ii-c: on i. (-. n. i'crule;;lnd R. F. Skinrre;; .i`cile·iuie- nJ 
a !irte al ·I·5". ~i~i~l:ir: eacli cil-iission. !!li: i'~ hai?ti in I:he iiSunl w~~\:. Fig~!i-· R,!i,r,,·,,,,:,,ia (Apple:i'n-Ceriii!rl·-C;ciits: New 

- :irf?e:i-oan Ihe ke.giiining ct.T c`rle ~iirst io illus;ralcs h~iu: ih~ nl.!ml;crs of b·r-~rs p*. Miiiiiecntn MiP!iiig jM ~F.;olleosa" modei ii·80. 
r:i~ i-iP~ir,n.in$ oi "the next burst, averageii ;ii!d i-be d~!ffitjOllS WCT~ m~3aSlirC(~. Fig- 5. share ?iio~~ci 5~j Unidyne !iI a~r3 model 5~)~ 

I ovi:i- l~s: 7i's?oIe ~eries. is 0.8r! :;eccind for 7 ,:·rJw· the cleere23 oi' ccarresp""d- "· Fi. "'"''i"". Sileei·h ;lird Pieorin:j Coiiii~lilni~L1- lion iV:::l h'ostr:ind_ N~w Vo;~; i'iS3), p. 6C. Ihe hilm-:i? anc: 0.78 se-onci -;or ie c!ol- 
Pr;ce F;e"iYeei! ihe rlrln-!bcr of bi!r~ls iii r-i~e nir-: voi·eis wei-e I, i, er El;!, a, o.:!,:r~, 

a p41in's repli~9. Sr;me longer emission lirre·i :II; conLon~i!ts were r, i; E. i', (!; W, 1Tr; i~. II 
'r;y ehe ciciishin ai·& accnirnled ioi i?y r?~al·cl- Ilie I-i~i!n:in ~~·nj.icion :iiiti :he numbei- k. a ilnneii,a:ion~I phoiietic rj·nibols,. 
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