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1. Authoriszation, T“he research on this ot i)
srized Ty o dirzetive originating itk %he Tk« f of ¢

Iiracter of the ¥ewal Research leberstery, 7-19/P/g)! ’;4:.”“ i
Fyurther nuthorization wee cortaincd in letilers frem ~he Chies *f vre Turest
Ships % th. ZIrictor of th: Muval Research [obes L3/E-(L) 318) i:ztes

Decomber 1943, ong TB/Po(L}{334) 63750} deted 22 nw? i,
2. State e Stuifcs or ¢h mart and testlng o
pcllent meter L) hed Yeen umder vir For 3 ywar Ty ootk

ﬂt the time the Laboratory vas suthorized o work n T’

stance, copper acetate, had beem selocted rvestigzt

tivcnese 28 o shark repellent evsluat: 2 protlee =4
to be the developmount of 2 suitable cornteainer or dervice that = 7
rrpellvnt zeterial to be used officiently and cecromiczlly amd Mh«! cezli e mm
on iifz Jeckets or clothing without inconvenicnce,

3. The protlem changed in charscter =r work prograssed. Further testirg of
the repellent qualities of copper acetate was indicated, =nd vher it Tecame evi-
dent +hat under certain conditicrs the materfsl lost —muck of I%s sffectiveness
the search for other materisls as shark repellents was actively rurstzd, The
search for new shark repellent saterials wis coordinated sitk ar extemsive pre-
grac of field testing and develcpmesnt of a practieal mit Jor svreival use,

4. Previous Work Bearing on the Problem, A Naval Research laboratcry Report
No, P-2220 dated 25 Fetruary 1944 and entitled "First Partial Revcrt ec ‘he Tse
of Chemical Materials as Shark Repellents” suarized the work of cther (rvesti-
gators on the problem and deseribed the work of the Laberstory o= ‘ke suijest =
to that time.

5., Work »n the preject by previcus investigators wmes ipitiated by 2 iiree~
tive issued June 1942 Ty the Chief of the Buresu of iferomvutiets, ir compliiance
with which a contract sas mede with Narire Studios, Inc, bty ke Coamittee on dbd-
ical Rasearch of the Office of Scientific Research 2pd Developmert, The resuits
of the work by these investigators indicated ithat certain chemical materisls
posseszsed shark repellent ;reperties and that copper acetate {(n particular sheed
strovr.g repellent properties both iz tank tests at the Yoods Zole Ocesnographic
Institute.and in field tests in the Gulf of Cwrwmouil on the coast ~f Termder

€. The work of this laboratory was begun in iprii 13/3 as a cecperative of.
for' with the Committse on Medical Rescarch and was later carried ~t inferend-
ent.y when that group terminated work or the project in August 1943, The work
of ithe laboratory aa descrived in Report Xo. re<z3C comprisec weils lallrZaidiy cas
peinantation and fleld testing.

T, The laboratery experimentation as previcusiy repcrted may te summarirzed
briefly as the formulation of copper acetate intc s convenient cake Term, =
gaarch for other chemical mmteriamls with shark repelient properties, =znd the come
tipation of the several aaterials into a practical sherk repelleat ~mit., The
wylindrical cake for. of copper acetate was designed as a comvemient practical
form af the material to be used for individms]l protecticn., The mifeore smi cezm-
sistent rate of sclution of the materinl ip this form alsc aade pocsitle mere
accurstely controlled field tests.
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‘rdividval 'r'* zenisr, The flit compressed
eper 2o£tate posgessed the fipirstla
teristics <f = mwarly —mifore scl':‘.lx :m&u& st :
rene of tha Virdirge = cormlete iy satisfzetory : g
zarth., Woeo tke :J.’imlty of ~ic ;:'«se.’icn cf ke coTpeT
125 :lirizmted by the izc ‘
meacss the mke i:. z Terous teg.
repelismy Fet it permitted ke dissclved m:-.m <
crpizg <k 2gke witki- e coreos beg, :ir spaces
irg iemﬁt:r 22 the it Tzs sufficlezt to camse %

ink
. -

-«-‘_:.: :.’ ';wzztﬁ'C s that the repellent mixtmre comii e cTessed whi

sts ncllen, lerety feorpisg 3 mifcmm leuse cir wher iz Liiis

12, e rorous bsz oomtainivg tle repellent cske vzc smelored In 2 wmlsr-
sroof spweleve mede of & wizyl-corclymer costed febwie, TRt rurzlspe vEs clssed
T Yozt seeilng md rrTovided itk im sasyecpening [lar rerwmitiioe Tuise relasse
2 s Irmer w vher negd .::' ke repellent zruse, TRe immer tag vzs made Jast
‘.c ~Ye ommer emwelope TY 2 lemgth <f cottom tape so thac It voull tzmy susperced

telor <he wearer Iz tke Tmier,

I2, The fieId <csts tnmt ere reporiied Izeluded Ilne teris
fectivemess ©l coprer zcetate ad *f darlk ‘7?.5 s swzluat
ke TE212 czets were siodiszs of the Ifffusior potters foirmes
mzterizl s 14 ifssclted I- see wmtzr, 'c‘;!: —m oz it g usad
zrt z2lee Srom 2 wpit as woold te Tmad Ty oz flostlinme swrTiToT,
wotze of scluticr of tRe wepeliszt txit were nade s the lesigs

: 2 STz rata for crotecticc znd paxdmes _IT:

¢! z vepeilsamt substamca rréecting oits, the r'zs:"...&.. 3¢ gme=
e sraizeticn of tbw relzciTe merits of the waritoe 3

Tetizsl =nd Frastfest | c:g iispmeioms, &lirows® the systam of lize
w3 ed fx b esrll:zr report gives zrccel sumerizzl dat: oo tle

tzat s measwas of their usefz -= i zotnaEl mmar serviTii. ts
of tbis matyre zre Tome t2c lsSS Imxportant. 2 of Field testizg =
*zit tosts mekes possiti: the compariscz of Terfs “e:*. s*.;‘.s,,..c-es, nd Ty

raryizg the conditizes masdsr whish the tests ire cermizd T ‘:he srer=z [l :Ifec~
.

tiveoess of = subetaree van e Jetermined. Dtmer idvmrtiges i Dait tqsts Cver
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observetions of the resuits in actusl survival usc ~re the speed witk wnich the
desired data can be obtained, the ability to get sufficient date to be statis-
ticaily significeat, and the procticability of haviug qualified observers ot tie
scen: of the teat to properly intevpret the results. The objcctive adepted s
to obtain the most effect.ive repellent substance that could e developed within
a reasonable period and 1o producc “he most practicel unit that could be designed
on the basis of existing knowledge. If substentiated reports of cetusl use of
the repellent in human survival indicate scme modification of the “ormulation or
the design, such modifications should be carefully c asidered,

13. The portion of the work on the preblem denling with leborastoly experi-
mentation has been largely cowercd in an cerlier rerort; a2nd only thoi part not
previous.y reported will be given in detail here. A part of the field testing
wag presented in the esrlier report, but the sethods used and the resudts of o1
field testing done by this iLaxboratory are included in this report in order to
give to cach phase of tne tests iis proper significe.ce,

METHODS USED.

14. JIaboratory Experimentotion, This work was made ur largeiy of the devel-
opment of the repellent materiais, studies of solubility and tinctorial strength
of the materinls, the prciuction of a satisfactory unit for individual protec-
tion, and further studies »f the unit for ratos of diffusion, length of life and
general servicesbilitv.

15, The use of copper acetate as a shark repelient material was proposed ard
first tezted by the committee on Medical Research befcre the laboractory begun
work on the problem. The developmert of the dyestuff, Calco "BSR, was dome by
Calco Chemical Company in response to & request by the laboratory for a dark dye
with a high tinctorial value, readily soluble in sez water, and compatible with
copper acetete, Studies of tinctorial strength were made with 2 Cerco-Sanford-
Sheard Pwtaloamter calibrated agrinst neutral denséty filters, Trerawission dnta
were obtained for scluticus in distilled weter and sea wzter with and without
copper acetate added. Transmissiorn meszsurements were z2lso used later te follow
the rate of diffusion of the repellent material from the individual units. The
sea water was prepared synthetically, from C,P, chemicals zccording to the fol-
lowing formulas

Magnesium Chloride (MgClp . 6H0) 11,0 Gm/liter
Calciuz Chloride (CaCly « 2H0 16" "
Anhydrous Sodium Sulfate {Na250z) Lo M
Sod{ium Chloride (NaCl) 25,00

16, The compatability of the dye with copper scetate was studisd ty means of
pH measurements as welil as by transmission datu, The pH =f sea water is suffi-
ciently high to rrecipitate copper from dilv*e soluticns of copper acetste =2
thet one of the requisites of the dye was thet it maintain the pH of sea water
sclutions of the mixture 2t a point where the copper wovld not be pruecipitated.
Measurements were made with a Colemsn pH meter at various concentrations of the
dye =lone and of the dye-copper acetate mixture.

17. Individusl units of the repellent matericle for wee in tait tests rere
made up by mixing the repelien* with suitable binding and solubilizing agents
and then forming into a dense ctke by pressing in a steel die with 2 lsboratery
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aodel hydraulic press, The Zesigr ind Zevelsprent of
vivz]l use wus somewhat 3ifferent znd will e treated =
revort,

ke units for zotual sure
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12, Fizld Tests, The repellent walue cf - sutetance w23 Setermines bty its
st ility to irotect = suitatle beit under - "arie.v of conditicns. The use =f
live znimals or freshly ¥illed sninels wes considered ty the
tors for the Coomittee -n Medicel Fezcarch Tut wzs ful
irvestizztors uscd = mathod of determining the ubili ;
tsdt fish to evelumte its effectiveress =s = shark “cul‘en‘
some modifications was uses for <k et
ficld teete, Twc shork
sresence of 3 repell:
baite on <he hooks were su
lines rere fished from the sterrt of oo anchored noat
disterce of 25 to 9 feet Ty nmeans of cutriggers zrnd

“’E

.te 1, Tigures I and 2, zre undervzter the
the pa-evane, flogt, repelilemt znd tait,
L £ repellent '.nit _'rtncbec while the 1i 3
&ke of bokelite =tteched znd zets zs = centreol,

PO 13
attiched =2t the lead s:u.kcr sc that its depth 244 not chempe. The derth of the
beit defr-crxied smevfat on the rate of the curvent, comsesuently, it 4id nst ot
211 timcs remein the repellent s it Fiffusel covmeurrent from tho repelicnt

cake,

20. The adges cf the flat cyiindriccl repellesnt c=ke ~ere rrovacted to enmbdn
the repelient to dissolve fror the tmpreotcctod fzpe 24 o wnifore r2te. 4 rete
of sclutiozn cf 20 grems per hour was choser 2s & stindard iire fishing

tests., Trkir reie weuld vary vitk the tempercturs cf

flow znd roughness of the su~foce w2tisr, ‘:.:t wnger sver c 10 erzm
crke would lsst siizhtly —ore ithorn ¥ hour
21. Iz enotker type of test, Instzed of fisking e ¢ repelilent
lire smlm’nect.sly, twe com.rm lines were lished fo ed, then
lizes zgoim this wey tho rzte

twvo repeilert iines, snd finelly twe ccootrel lizes =g
at which the shark could be expected tc be nonght was est:tlished ty the control
pcrioGs =znd the cffactiveness of the repellint wns deterzired by compering th=t
rate vith the rete =t whick they were ceugrt wten the repeilent was used.

22. The repellent v=s clsc tested 2gaiast lirge groups of sharks feeding on
the surfzce. This ma83 feeding condition exists where 2 large zmount of food
such a5 fish cr zarbege is thrown repentedly into =r arez Imnetited Tr shares,
The sher¥s become sccustomed to tuking the discarded meterizl znd fee“ vorecicus-
1y ce the surfece whenever the food iz throrm ecwer, Ficié tests weres cornductad
irn the vicipity of l&yport, Florida, where, during the menths of May cnd Juns,
lerge rurbers of skorks follow the shrimp bosts to fecd cr the trask flish <hat
is taker in the shri-r trzxl :=né discarded. The purpose of the tests wns tc de-
tormine tnz effectiveness of the repellent meterizl in stepping the sherks Irom
fecding on the trash fish which they ordimarily took so veresciously. Tic first
tests of ibis nature were conducted fror @ bont other thar = shriwper. 4 Zuan-
tity of beit {ish tms *rken zboard ond the bozt btrought ~longside = shrizp toet
thet was discerding trashk fisk, By threring over deit from the cxperimentzli bozt
inst ~z the discardirg of trzsh fishk froe the shrimper wos discortiruel the

- 4 -



sherks could be induced te follow the experimental boat, and *:-‘e tbe belit ss it
r8 throwr over, 4 sea wmuter solutien of the -epeiient mrterisl ther sproyed
on the surface of the water and bait fish throsm into the tmated ares, .nov ef-
fectiveness of the repellent was judged by the extent to which it »=s =ble to
stop the feeding on the surface.

23, Tris method of testing was only partly succassful. It »s Aifficult <o
keep'the sharks in the vicinity of the experinenta. boxt beczuse <he sherks had
evidently become so highly conditioned that they ccnuil? readily differenticte be-
twee: ths eyperimentnl boat 2nd the shrimp bouts fro- vhick the; ordimarily re-
cedved thzir food. Por this reeson it =ae difficuit to determins shether thz
repellent materizl drove the sharks from the vicinity of ihe cxperiment~l bost
or whether they left cf taeir omm volition. Another difficulty =met with in this
typc of test mas that the action took place in such z short spcce of time the
1t wmz d'Tricult to obtain any gucntitetiive mmericil dste to substanticte the

observed results.

24. The first difficulty wns overcome by carrying out tests froz boa:ts ac-
tunlly engaged in shrimping operations, In this cese the presencc of the shrimp
trawl, the sound of the motors and other factors were exectly those to which the
sharks were conditioned 2nd as long ns beit fish ws throsn over, there was no
difficulty in keeping th: sharks ir the vicinity of zhe bozt., The difficulty
of ob’tainizg mumerical date wes overecnss by tho urs of sction picture-vhotogra-
phy. 3By this mecns the activity of the sharks on the surfzoce at the sternm of
the shrimper, the mamner in which the repellent m:terial wms used anmd the eoffect
¢f the repellent on ‘he shark activity could be shcwn, The Fhotographic Science
Laboratory of the 3urcau of Aeronauties collaberated with this ILaboratory in the
production of 2 16 mm, EKodachrome film which i_ not only a phetegrarkic recomd
of the fiecld fests but aisc tells briefly <hc -nmtire story of thc deveiopment of
¢ shark repellent {'or surviwl use.

25, Flate 2, Fignes X und 2. aro h‘*ﬁ*ﬂgr:phs ho ring the activity of the
sharks at the stern of « shrimp poer as trasic f3siz is bel.g thirown over. The
lines to the trawl :re visible. Plate 3, Figs. 1 an:‘. 2, are =dditionz]l shots
of sharks feedirg or thc suriace.

%3 ll

26. The sharks d:clt with in the n=ss feeding tests were mostly of the com-
mon black tip varicty, Curcharimus Limbatus, a species not genmerally considered
dangerous to man, These sharke were of an aver=ge size of five tc¢ sovern feet,
It may be considered pertinent, however, thnt =t the sane tizme thet the tesis
were being conducted in the vicinity of Mayport. Floridz, = youag girl wes bit-
ten, cpparently by = shark, while bathing on %!r2 beach 1a 3 to 4 feet ~f wmater.
Flates L, Figs. 1 and 2, arc phovographs of th: wound, 2 typic=i shark-bite,
which werc taken at the dispenscry of ihe Meyport ‘\!aval Pr:mtier Bese whoro “he
girl wes brought for emergency trestment,

DATA AN RESULTS OBTAINED.

27. boratory Jatz, The tinctorial sirength of =uny dyes was sezsured pho~
tometricnlly but only these dote on the dyestuff, Coico WBSR,nd its combination
with copper acotrte are included here. Transmission vs. cencentration curves
arc given in Flate 5. The curves zre for the pare dyestuff, Calco MBSR, in syn-
thetie sex wnter a2nd for un BO/2C =ixture of the dyc nrd copper zcetate. The
curves were obtnined with a Cenco-S-nferd-Shenrd Photelometer with tungster

- 5=



fuzther identificeticr of the repc t miwture ke tromsniszicn
?.-:-:. were measuTed TSing - TrEtten £P9 filter, Lt . comcontratics of
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Results:

Tasts condurted at:

Rigs:

Type of sharks:

o
Condition of sharks:

Results:

Tests conducted at:

Rigs:

Mumber of sharks causht on -ontrol line - 25
Numbar of sharks caught on repellent llie- 7
Percent effsctiveness - - -~ - - - - - - - T

Series II*

Chandeleur Island, Louisiana, off Biloxi, Yississippi, 30
July 1942 to 2 August 1943 between hours of 0720 ‘and 2000,

Vicats
Repzi-

T0 similar rigs used, osne witk repellent cake.
used te suspend baits abcut 3 feet bvelow surface.
lent cake attaehed 3@ inches from sait.

Fresh white trout and ground =mulle?t.
Copper acetate,

Biack tip and one sharp nose, other types including har-
meThead, lemon shark and tiger shark, known o be in wvic-
inity,

The sharks were stirred up and prsught to the surfzce Sy
dragging a shrimp trawl and by chueming, The testis have
been divided into two parts arbitrarily on the hesis of
rate of fishirg. During the period of greet shark active
ity the sharks ofter struck the beit a few seconds afier
it struck the water and it is possible that some of the
sharks attacked the bait without encountering any of ths
repellent.,

Percent
Coptrel** Repellent Tffoctivevess
reriod of great
shark activity 67 27 45
Period of lesser
activity 4 11 %
Combined periods 11X L8 cg
Series III

Florida Keys off Bahis Yondae Channel, 12 October and 11
December 1942 3juring hours of 1000 and 2000,

Two similar rigs used, one with repellent cake attached 36
incheg fram hait, Ploats used to keep baits zbout 12 feet

below surface.

*bambers include both cetches 2nd siriles,
#The test represented by Series II was corducted by the Ccymittee on Medical Re-
search with the cooperation of a representative of the Naval Research laborstory.
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Zaft:
Fepellents

Type of Sharks:

Corditior of Sharks:

Resulte: *

Tests conducted at:

Type of Sharks:

Conmditior of Sharks:

Results:

Tests Conducted at:

Fresh sullet.
Copper acctate.

Zlack tip, sharp roee and black nose. One large rorse
shark caught on nom-experimentsl rig.

Zfforts ~ade 1o attwmet sharks to viclpity .y occcesicrmal
chummirg with chopped mullet ar’ bottow fishing for other
fish, ZExploratory catches rade to show presence of sharis
in vieirnity.

Catches Strikes Zstals
B \

Exploratcory catches 2 2
Contrel iine 12 A 4
Repellent line i - 1
Fercent effectivencss 32 - G4

Serles IV

Fiorida Keys —ithir a radius of 25 miles of lersthon, Flor-
ida during all hours includirg heurs with origkt moor end
a0 wenlight conditisna.,

Teo similar rigs used, come ~5itk repellent zake and the oth-
er rith cursy bakelite ~zie. ZFEopellemt cake stiached 36
inches from tait, Floots used to keep baits 2 to 12 feet
below surfrce, .

Fresk miile®,
esiull Calcs TZER.

Elack tip, shcvelnose, tlack nose znd sharp nose,

Occusional chuamirg with chopped »ullet. Sizuitezecus fiske
ing for btottem fisk, ZExplorstory catchos made tc show rres-
ence of sharks ir vicinity,

3
3

Catches _Strikes Combired
Ixploratery catcktes i 4 iz
Coptrol lire 55 3 s
Repellent lize 2 z 2
Percent effectivencss 2 37
Series ¥

Floride Eeys near Marathen, Florida 12 Jermmry 1344,

%o sinilsy rifs witlbout repellcnt Zuring Jirst pervied,
two with repeiizrts during sccord period and Yac witbost
repeliert again Zurirg 3rc peripd. Zalits 5 fect Telow sure
fece,

-8 -



. Bafit: Fresh muliet.
Repellevt: Dyestuff Calco WBSK.
Type of Sharks: Black tip, black ncse and sharp nose.

Cord‘tior. of Sharks: Chesming with chopped muilet at a relatively constant rate
throughout tost.

Results:
1st Tishing period - 100 mifutes, no repeilent
Sharks canght - - -~ - - - - - - 1z
Strikes = « = = = « - = « - - - 9
Greatest interval between
acclons - - - - -+ - - - - - - 13 minutes
2nd fishing period - 100 minutes, repellent used.
Sharks caught = == = = = - - = 0
Strikes - - - - =+ - - o - - - 0
Greatest interval between s
. actions = = « « = = « =« « - < o 100 mimites.
3: rd fishing period - 58 minutes, no repelisat.
Sharks caught - = - = =« - - - - 4
Strikes = « = = « =« « = - - - - 2
Groatest interval btetween
actiohs = = = = =« v « v = = = = 21 minutes.

31. Repults of Mess Fcoding Tosts, The first tests of a repellom: aater-
i{al against large numbers of sharks on the surface were conducted by the inves-
{i{g:tors for the Committee on Medical Research in the vici.nity of St. Augustine
during May 1943. In these testa it was demonstraied thai copper aceiaie iost
"mosi, of its effectiveness as a rupellent under the conditions of mass feoding.
Tes.s with dark water-soluble dye were conducted near Mayport, Florida in June,
1943, near Biloxi, Missisoippi in August 1943 and again at Mayport and Fervtian-
dinn, Florida in September 1943. In none of these instances, however, was the
actirvity of the sharks sufficiently groat to make tbe results of thc tesis ca-
clusive, They did indicate in a qualitative way that the dark dyes possessed
repellent qualities agrinst the mob scticn displayed by surface feeding sharks.

32. A more extensive geries of tests was plamned in order to ewaluate the
effcetiveness of the Calco WBSR, copper ncetate mixture under mess foeding cox=-
ditions after the repellent qualitiecs sof the dye had besn vstallished by line
tests, These mass feeding tests were carried out in the vieinity of Mayport,
Floride betweesn 27 May and 3 June 1944.

Serfes I
This serics of tcsts w=u3 conducted from an experimental fishing
boat that had been engeged in work for the United States Bureau of
Fisheries. The boat was equippud for menhaden fishing and had a crow's
nest 40 feet abowve the waterline from which the cameraman was able to
work,

-9 .
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the diffioultios »et with in atieupiing to get sucressful tests from the
eyperinental {isheries Lcat have aiready been menticred, Sharks were in-
duced to feed on bait fish threwy on the surface {roa the exrerimental
toat, and s 3eca water sclutios cf repelient was sprayed szorg thez, 4 def-
inite lessening of activity of the shurks covld be noted when the repelient
war used, but ir comtrcl mums vhen no repellent was used there wxs zlsc a
gracreal lessering of activity, saking an exact evaluaticn cf the effective~
mes of the repellen difT5{cult. When it became cbtvicus thrat 1t would be
impoesitle to sairtair any semblance of umiforw activity of sharks in the
vicirity of the experimertal fisheries bcat, : eratiors were trarsferred
*> 8 shrisg toat actuslliy engeges in trawllng Jcr chri=g,

Serdes I7

These tests were conducted from a shrizp -oat wherte thare was little
4ifficulty ir ottairirg the :lesired shark ectivity on the surfece and as
long as trash fish mas thrown cverboard there apreared tc te nc lessening
of activily of the shatis., When z showeifil of irash fisk was ~hromn =~ver,
<he sharks would strike {t ainmost irmedistely =ithin a few feet of the
Yot and churn the wmater as larg: mumters of the sharks cerzeted fer the
food, (See Flate 2). The shrirp *rawl 3ss teing Iragged juring ‘Fese op-
srations with %Y~ boat =gkins tiwre to three =iles per hour, Fer this reas-
on the shrivp boat wovid gredualiy poll sray from the geotivity centersd
about any ome showvelful of fis}l that hac been throsz over, mut the sharks
sere sufficiently rlentiful that emch succeefirg sh*?e'-'» vl *v;ld aiso be
taken glzzst ‘W““a..el‘:. Ttz trash sk was throww cver Ly shovelsful
:ar the stern witk the boat sioxly umder ay, Then 8 5% ses water solu-
tion of the "BSR-comper acetate migtur: mas smyed overboard mesr the tow
forming s ribbon-lik: pattern 10 to 12 feet —ia: the soat ncved through
the waters The trus: fish ras discarded at = :;::i"cf-r rate, and wme threen
irto the repeilent treated srea vwher that afea Peached the sterr. Iz this
test al: immediate activity was stopped by thic Perellent ir the treated
area witk ‘ne trast fish floating ot the surfabe umtji ¢ the re-
penent tecanc sc diluted ‘hat it po lomger offered protecticz, “hen the

praying of the r:'pcl;azt w85 Qiscontimssd ihe shaTEe -~oul agair be grade
ud_y brought Seck te fscit at the sterm of the toat, The ametion Juring
this tost was recorded on 16 =m, Kodachrome motiorn ricture £4im,

Series 1T

This 7as am>iher tyre of aass feeding test corducted from the shriep
boat, The surfacc shark sctivity res ortained iz the same manner ss ir
Series IT, *ut the dry repelicnt mixture ~2s uses irmstcad of a sca water
soiution, The 4ry rcpeiiunt zixtuerc comp-~isize 0% Calco "SSR snd 27% cop-
per aestats wa: amfixod vitk & guantity of tresk fisp fro- the shrise trawl,
The approximete preportion of the repellsmt =ixture used tis 51 v weight,
Succee«‘.vc shovelsful of clean trask fist were thremn over and taken almost
lats bty the shorve, 7Titk oo time Intervel ‘nWe rmsed several por-
“ons of the repellenmt-treated fish were thromr cver. Activity -=e ~hmerwsd
in the vicinity of the repellent-treated fisk sirost ‘mmcdistcly tut it was
primarily a crurning of the water and it wes not possitle tc ctecrve rhcther
any of the {ish was actukliy takern., The zcticr st&rbu:i at al:.mt hzﬂ ig~
stant the treated tresh fiskh Rt the water ¥

disseolw appreciably. The sctivity stoppes T :“\:s:d

throughout the area. In th: second and third tests of *his scrics the only

activity that was orscrwed ir the vicinity o. ‘ke 4reatcd tresk Cisk were
srlask ir

sharis :ovir:g avay after they hacd cvidertiy becr sttractad y the
the weter, and than driven amay by ccomtact witk the repellsnt, i ~otion sicture

.10 -



ricord was also madc of a typleal test of this scries,

DJISCUSSION OF RESULTS

33. eld Te In any discussior of thc mcans by which a chemi-
cal substance acts to provent bait or food being attacked by sharks it is neces-
sary to considcr the sensory stimuli involved in shark fcading, It is difficult
to makc any factual statcment regarding the relative importence of the visual
stimulue and the olfactory stimulus, or any other stimulus that may be invelved
in the fieding habits. Also the part piaycd by cach is probably not constant but
changes with conditions and degroe of evcitation of uthc sharks,

34, The ficld tcsts tover a wide range of levels of excitement or activity of
the sharks., They vary from the siowest iine {ishing tests where only one or iwo
shatks would be caught in an hour to the tests where dozens of sharks could be
observed fighting for food on the surface at one time. In the case of slow fish-
ing tests, regardless of what senses are used by the sharks in locating their
food some st.imulus other than the visuul must have been sufficiently strong lo
make them take cognizance of the copper acetate used as a repellent,

39, It was not expacted that the dark dye, Calco "BSR would produce any more
thar a visual stimulus in the dilutions met with under field conditions, but the
success of line fishing tests made on moonless nights®indicated thai even under
these conditions, the visual stimulus remsined sufficiently strong to be effec-
tive, or that some other response was being produced by the dye.

36. A substance that depends for 14s repellent ability on its effect on one
senge alone, must necessarily suffer a decrease in effectiveness when the impor-
tance of that sense is shifted into the background by some environmental change,
A sutztance or combination of substances whose effectiveness depends on the stim-
ulatior of several senses would be certainly less likely to suffer a large de-
crease in efficiency as the relativea impc-t:znce of ‘he wvarious senses is changed
by external conditiors during the search for food. It was for this reason that
a combination of the dyestuff, Calco "BESR, and coppar scetate was prepared and
used for the final field tests, It was possitle tc include 20% of copper acetate
in the final formula without saerificing any of the desirable solubility charace
teristics of the repellent.

37. The results of the final field tests vith the dye-copper acetate mixture
were very encouraging. The repellent vas effactiwa in protecting trash fish en
which the sharks were accustomed to feed so -oracicusly, Thcse teste differed
from the line tests in that the rvejellent we. no! constantly being replenished
from a cake of the solid material but the r pellent was only supplied once to an
area, It was to Sa expected, then, that as the repellent diffused over a large
area in the water ‘ts concentration would (ecrsese and finally reach a point
where ii world lose its effectivensss. Ir the “‘ests where the repellent was
sprayed on the surface it was estimated tnat the original concentration was no
more than 0.1 gm per square foot of surface or at.ut 3 parts per million if it
were considered to te distributed over a depth of one foot.

32, The reaction of the sharks to the repellent at the very beginning of the
mass feedin” tests of Series 1IT where the repellent was used in the dry form
mixed with the tait fish was not unexpsctod. Tho highly conditioned sharks fol-
lowing the shrimp boat on sensing a shovslful of trash fish hitting the water
would immediately plunre into it and churn the rater as they competed for the
fish., "hen the trash fish mixed with dry repellent was thrown over in the same
way immediately afterwerd it was not surprising that the sharks would piunge in-
to the mass tocfore the repellent hed an opportunity to diffuse to any apprecia-~

the mass tcfore the repellen
- 11 -



ble extent, "hsn the sharks detected the repellent, however, they hasty
ily moved away from it. 7ith.ca ck succeceding additiocr of treataa trash fish
the zharks rapidly became more wary and in & short time would avoid the irask
fish ihat was —ixzed witl the repellent. This cumulative effect was noted to
carry over to tests that were repeated in the same area severcl howurs tster in
which case the treated fish was entirely unétisturbed,

9. Pegkage Design., The majority of the individuals having need for a
shark repellent substance are survivore of air or marine 2isasters who fird
hemcelvss in shark infested waters ws a result of accident rather than by in-

tent. A unit of shark repellent material may be cariied for a long perisd of
time before it is ever needed, For this reason the urit has to be compact end

is needed.

40. The unit developed for general use ccnsistn of a flat cake of the re-
pellent material in a bag of cotton sheetirzg which is protected by a water-procf
outer envelope made from a vinyl-copolymer-coated fabric. Plate 7 is an outside
view of the sssembled unit, Flate 8 chows the frcnt flep pulled Zown releasing
the inne- bag of active material.” The unit is simila: to one described in the
carlier report, the main points of difference beirg the use »f cctton sheeting
instead of paper as thc porous matcrial for the inner bag and the addition of
a lanyard at the bottom of the unit to helr secure it to the ife vests or belts,
The use of cotion shoeting for the fabricgtion of the inner beg was adopted be-
cause it permitted higher pressures to be used ir the formation of the repellent
cakr withinu the bag, and it also proved to be more serviceable in sizulated use
tests. The inner pocket is to give protection to the bag of repellent material
when the usor wishes to save it for future use aftcr the frent flap has been
originally opcned.

41. Specifications for the unit are given in Bureau of Ships ad interim
Specification R 51S4B(INT), Shark-Chasers (Life Jacket) ilated 15 June 1944.
This specification is classified es Restr.:ted., The Army Lir Ferees Specifica-
tion, Packst; Sherk Dotsrrent, o, 40822 dated 25 July 1744 is for a similar type
of nnit.

42. A multipocket unit was designed for use ty individuals who ffnd it
necessary t¢ e in shark infested water by intent rether thar by accident. This
unit is a belt *ype to be worr around the waist since the user would not ordi-
parily be wearing a life vest or belt. I=mstecad of havirng s reclosure Jeature
this unit has four individual inrer bags of repellint material; each of which is
sealed in a separate compurtmert of the water-proof outer envelope. The com=-
partments can be opened independently, therety releasirg the individual inner
begs as needed., The details of the design and hest sealing of the ocuter enve-
iope are given in Plate 9. Plate 10 shows how the inner bags containing the re-
pellent are assembled in the outer envelope and alro the method of opening.

43. The inner begs are made of cotton nainsook of weight 8.5 yards 40% ma-
terial per pound., Each bag contains 45 grems of the repellent rixture, pressed
without heating into a cake within the bag to prevent sifting through the liga‘
weight cotton during the assembly as & final unit., The inner bags are z2ttached
to the outer envelope by mesns of 2 shert sirip of vinyl copoiymer coated fab-
ric, The strip is heat sealed to the tnck of the vuter envelcpe and can be
readily pulled off when the repellent is exhausted or nc longer needed.

44« The front of the water proof envelope is provided #ith pull tats and
- 12 -



cvt in such a mannor thet 2 single compartaeni can be opened without destroying
the water--~roofness of the other compartments. 4 wet belt with s corresfon re-
sistent tuckle serves to fasten the unit arcund the waist,



[ AP
£5, EBEvidencs presented to show that = s3ixture of 90% lark iysstuf?,
Caleo "BSR, znd 20% “Qopper scetate ~xhibited strong zhark repellent properties
in tests where it 1s used to protec: potemtial food o© tke sharks,

JA? No ccrnditicns sere found under which the Cslico TBSE-copper zcetats mix-
ture lost its effectiveress or suffared sny sericms reduction ln effectiveness,
2
A’I’. It is believed thast the ficld tests by which the effectiveness of the
repellert sas evaluated simulate actusl survival conditions sufficiantiy close
to make the results valid, =t least in a gqualitative sense, in corsideratior cf
human survival,

-~ .

8 Fwo types of z shark »epellcnt unit for individual protection ‘-:.ve teen
developed and tested for genersl serviceability amd practicability. The de
cision as 7o who noeds & shark repelient unit is Zecpendent on txe l‘kllhood
exposure of the individual to shark attsck and bow critisel ere cc:zidcratism
a? ""'k’ oo Spmace . -

ME"Suhstant!ated reports of sctual survival use should te giver sareful
consideration if zny change in composition or design is cortemplate?, It is be-
ileved that the sherk repellcnt units 1s developed znd deseribed here zre zs
ef’fectiz_e as cen te developed on the basis of existing knowledge.

A 16 =r. Yodochrome motion picture fila with sound marrmatior showing
the develomment, testing znd use of the shark repellsnt. has been prepered ty
the Photogrephic Scisnce laboratery of the Bureau of Aersnzutics for this Ilaber-
atory and ie sveilable tkrough the Bureau of Sh'ps for viewing by interested
parties.



The assistance of other members of the Laboratory staff
not mentioned in the body of this report is respectfully sc-
knowledged, Stowart Springer formerly of this Laboratory anmd
at present assozictcd with the Reed-Martin Leboratories, Fort
Myers, Florida, nnd Lient.(jg) C.R., Wallace USMR, werc active-
ly connected with the field testing program. Mr, F, E. Brinnick,
associate chemist, was instrumental in carrying out much of the
laboreatory development of the repcllcent unit.
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