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1. Authorization, The research on this ot e
srized Ty o dirzetive originating rith the Tk« f ~f ths
Iiracter of the ¥ewal Research leberstery, 7-19/P/g)! (307}
Purther authorization wee cortaincd in leticrs "rcv ke Crief of <re Zurssu o

1 th. Tircotor of Sh: Muval '-uaearab Inte, /P-' LY133R) dated 2
1943, =ng TA/PL(L) (3 Ly

2, State g Studlcs or *}
1 hed Yeen umder o for

at the tine the Laborztory 7as suthorized o

stance, copper acetate, had beem selocted

tivcnese 28 o shark repellent evsluat: 2 "re‘lcz =%

to be the developmunt of 2 suitatle curta::‘ﬁ:r or device that wouly pormit <hs

repellent meterial to be used officiently =md cooromicelly amd that ceuld e wwm

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. Previoyp Work Bearing on the Problem, 4 Naval Research laboratcry Repost
No, P-2220 dated 25 February 194/ and entitled "First Partial Rerert or the Tze
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 of the matarial to be used for individmal protecticn, The mifere smi cem-
sistent rate of sclution of the materinl in this form alsc aade possitle more
accurstely controlled field tests.
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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
was presented in the earlier report, but the sethods used and the results of o1l
field testing done by this Labhoratory are included in this report in order to
give to cach phase of tne tests iis proper significe.ce,

METHODS USED.
1. ¢ atio: This work wes 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 (MgCly . §O) 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

measurenents &s 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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acdel hydraulic press, The Zesigr ind Zevelsprent of the units for sotual sur-
vivzl use wus somewhat Zifferernt znd will e treamted =% z .ater point, ir thkis
reoert.

12, Fjigld Tests, The repellent vzlue of - sutstsnce was cetermines by {ts

~n€®
o4

sliiity to rrotect = suitstle beit under - "arie.v of conditicng, The use
live znimals cr fresrtly rilled snimsls consi"e ced ty the créizinel

tors fer the Coozittiee -n Medicel Fezcarck " :
irvestizztors uscd = matlod of determird g
tait fisb te eveluats its effectiveress =s

= ghark :‘e:ellent.

sope modifications was used '.""' ke firee ¢ by
fiel2 tests, Twe shorvk - el 3 ihe
sresence of a repell:nt c the cther lire zetel =s
baite on <he hooks were jo «t the desired deprths 'y m The
lines rere fished freo 'L‘e sterrt of in anchored owi apt wers ES
disterce of 25 to 55 feet by means of cutriggers zrd small
9. Flste 1, Figures I and 2, 2re underwzter :

of th Tloet, repeilent =nd tzi k2

! cpellant '.nit _'rtzcbec vh:ils the < ? £
ToT b ceke of bekelitc stteched znd aots s = contr=l, The repeilent w=s
attiched =t the lead s:u.kcr sc that its depth 2id not champe, The depth of <he
beit dencnded somewnat on the r2ts of the curvenmt, soms suestly, it 438 not ot
211 timce remein n¢ it fiffosel covmeurrent from tho repellcomt

cake,
20, 'l‘he adges cf the flzt cyiindric-l repelleut LY

of sclﬂ:iw cf 30 grezs per hour was chosen S a sting r-‘ for tbe li:e fishing
tests, Thir rete would wery vitk the temperztures cf 4ac wnter, rzte of currert

flow ord roughness cf ue surfoce water, buor under ,ver..gl.« counilione o 100 erem
crke would lsst siizhtly more ikor I hours,

repelilent

21. Iz enotker type of test, instzed of
peried, then
¥z

ire simultenecusly, twc centrol lines were
we repeilert iines, snd finally two cc"trol ¥ the rete

whicn the shark couid Te expected o be =~ the control
,,v..-oos enc the cffzctiveness of the repel J.]Jt wos deterzined by comrering thet
Tete with the rete =t whick they were ceugrt when the repeilent was used,

g#y:

%

22. The repalilent v=s clsc tested 2gminst lirge groups of sharks feeding on
the surfzce. This ~a8s feeding conditicn exists where = large zmoumt of “o06
such s Tish cr zarbege is thromn repectedly inte =z arez Iznetitod or shares
The sherks become =zccustomed to tz.n.g the discarded meterizl znd “ee“ veracicus-
1y cr the surfece whenever the frod is threcm over, Fisld tests were copductad
ir the vicirity of l&yport, Flerida, where, :}ur‘r.g *he months of May .n:i Jung,
lerge rurbers of skarks follow the shrimp boets to fecé cor the trosh fish thet
is taken in the shrirp truwl cpd discarded., The purpose of the tests wms tc de-
tormine Une effectiveness of the repellent neterizl in stepping the sherks from
fecding on the trash fish which they cmi.;ar* ¥y took so vereciously, Tac first
tests of inis nature were conducted Srom = bont other thar = shriwper., 4 Juan-
tity of bedt fish rue trker 2boerd ond the bozt trought -~longside = shrinp toet
thet wes discerdirg tresh fish, By threring ower it fror the cxperimentzl boct
*ust o= the discardirg of trash fisk from the shrimper wos discortiruel the
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sherks could be induced te follow the experimentnl boat, and *:e the beit ss it
v~8 thrown over., 4 sea mter soluticn of the ~epeiient mctericl was ther sprayed
on the surface of thne water and bait fish throsn into the treated area, The ef-
fectiveness of the repellent was judged by the extent to which it =s zble to
stop the feeding on the surface,

23, Tris method of testing was only pertly successful. It ws 2ifficult o
keep' the sharks in the vicinity of the experimenta. boit beczuse <he sherks hed
evidently become so highly conditioned that they coul? readily differenticte be-
twee: the sxperimentnl boat =nd the shrimp boats frow rhick tiw; ordimirily re-
ccived thoir food, Por this rezson 4% =as dirficuit to deterzine whether tks
repellent materiel drove the sharks from the vicinity of the caperiment~l bWoat
or whether thoy left cf taeir own volition. Another difficulty =et with in this
typc of test mes that the action took place in such & short spece of time that
1% .ms d'Tricult to obtain eny guontiteiive mmerical date to substanticte the

observed results.,

24. The first difficulty was overcome by carrying out tests from boats ac~
tunl’y engaged in shrimping operations. In this cese the presence of the shrimp
trawl, th: sound of the motors and other factors mre exectly thoee to which the
ahariks were conditioned 2nd as long ns beit fish ws thrown over, there mes no
difficulty in keeping th: sharks ir the vicinity of the boct. The difficulty
of obtainirg mumerical data wes ovcrecoms by the use of zoticon picture-photogra-
phy. 2y this mears the activity of the sharks o the surfzce st the stern of
the shrimper, the manner in which the repellent m:terial w=s uscd and the offect
¢f the repellent on the shark activity covld be shcwn. The .Photographic Science
lavoratory of the 3urcau of deronsutics collaberanted with this ILaboratory in the
production of 2 16 me. Eodachrome £11n which i. not only a2 phetographic record
of the ficld tests but aiso tells bricfly *hc cxtire story of the develiopment of
. shark repellent f'or survivn] use.

25, Flmtc 2, Fimnes I znd 2, arc photographe shoving the activity of the
sharks at the stern of = shrimp poet as trash {laih is bel.g Wrown oveT. The
lines to the trowl :re visible. Plate 2, Figs. 1 and 2, arc a2dditionzl shots
of sharks feedirg or thc suriace.

26, The sharks d:clt with in the ness feeding tests wers =ostly of the com-
mon black tip varicty, Cercharirus Limbatus, 2 species not generally considered
dangerous to man, These sharks were of an aver=ge size of five tc zgven feet.
It may be considered pertinent, however, tunt =t the same tizme thet the tesis
were being conducted in the vicinity of Mayport. Floridz, = young girl w=es bit-
ten, cpparently by 2 shark, while bathing on %2 beach 1a 3 to 4 feet of water.
Flates 4, Figs. 1 and 2, are phouogiaphs of th: wound, 2 typic=i shark-bite,
which werc taken at the dispenstry of ibe Meyport Mewsl Prontier Bese whort *he
girl wes brought for emergency trestment,

DATA ANC RESULTS OBTADLNED.

27. boretory Jatz, The tinctorial sirength of =muny dyes wns measured pho-
tometrienlly but only these date on the dyestuff, Czico VBSR,nd its ccembination
with copper acetnte are included here. Transmission vs, ccncentration curves
arc given in Flate 5. The curves zre Tor he pure dyestuff, Celco MBSR, in syn-
thetic ser ¥nter ond for nn 80/2C =ixture of the dys smd copper tcetate. The
curves were obtuined with 2 Cenco-§~afcnd-Shenrd Photelometer with tungster
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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
Pertod 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:
Pepellerts

Tyre of Sherks:

Cordition of Sharks:

Results: *

Tests conductad at:

Type of Sharks:

Conditior of Sharis:

Resuits:

Tests Conducted at:

Rige:

Fresh mllet,

Copper acctate,

Elack tip, sharp rose and black ncse. One large rerse

shark caught on ron-experimertsl rig.

Efforts =ade o attwact sharks tn vicinity ¥ cccastcoma)
chomirg witk chopped mullet ar’ tottem fisrirg for otler
fish. Exploratory catches rade tc srew gresence °f staris
in rieinity.

Catches Strikes Z:tals
Exploratory catches 8 2 2
Contrel line 12 A £
Repellent line i T i
Fercent effectiverces 32 - G4

Serles TV

Fiorida Keys -ithir a redius of
ida during all hours including
n0 weonlight conditions,

Two sirilar rigs used, cne —itt repellent -~ake and the oth-
er rith dormy bakelite czie. Fopellemt,cake sttsched 36
inches from teft. Floats used te keep taits I tc 15 feet
below surfree, .

25 niles of Marethorn, Flor-
hours with tizkt rmoor erd

Fresk miilet,

P LoV Temam
ALl - Sy

Elack tip, shcvelrose, tlack nose znd starp nose,

Occusional chummirg with choppecd mullet., Sizuitszecus Tiske
ing for bottem fisk. Exploratory catches rmde tc show rres-

ence of sharks ir vicinity,

Calches Strikes Combired
Zxyloratery catckes i 4 i
Contyel line S0 3 s
Repellent 2ire 2 o 2
Percent effectivencss 2 37

Series ¥

Floride Zeys mear Maratken, ¥lorida 12 Jewvmey 1044,

5% similsr rligs witbout Tepellznt Zuring Jirst reriod,
two with repeliorts during sceond period and twe without
Tepelient again Surirg g peripd, Zaits 5 Toet telow sure
fece,



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

Cornd’tion of Sharks: Chusming with chopped mullet at a relat'vely constart rats
throughout tost,

Results:

1st Tishing period - 100 mitutes, no repellent
Sharks eanght « « = =« = = - . - 1z
Strikes - = = = -« - - < - - - 9
Greatest interval betwoen
accions - - - - - - - - - - .. 13 minutes
2rd fishing period - 100 minutes, repellent used.
Sharks caught = - - = = = - - - 0
Strikes - - = = = = - - o - - . 0
Greatest interval between )
. actions = = =« = = = « = = - . . 100 mimites.
3:rd fishing period - 58 minutes, no repelisnt.
* Sharks caught - - - - = - - - - 4
Strikes = « = = = = - = - - - - 2
Groatest interval tetween
actiohs - =« = = = = ¢ ¢ = = = - 21 minutes,

31. Results of Mass Feoding Tosta, The first teats of a repelism aater-
ial against large numbers of sharks on the surface were conducted by the inves-
{igitors for the Committee on Medical Research in the vicinity of St. Augustine
during May 19,3. In these tests it was dowomstrated ibat copper aceiaie iost
"mosi. of its offectiveness as a rupellent under the conditions of mass fecding.
Tes’,s with dark water-soluble dye were conducted near Mayport, Florida in Jume,
1943, near Biloxi, Missisaippi in August 1943 and again at Meyport and Fersian-
dinn, Florida in Septesber 1943. In ncne of these imstances, however, was the
activity of the sharks sufficiently great to make the results of th: tcsts sca-
clusive, They did indicate in a qualitative way that the dark dyes possesscd
repellent qualities agrinst the mob action displayed by surface feeding sharks.

32. A more extensive series of tests was planned in order to evaluate the
effcctiveness of the Calco WBSR, per acetate mixture under mass faeding co=-
ditions after the repellent qualitics of the dye had been cstabtlished by 1line
teats, These mass feeding tests were carried out in the vieinity of Mayport,
Floride betwesn 27 May and 3 June 1944,

Serfes I
This series of tests w3 conducted from an experimenta] fishing
boat that had been engeged in work for the United States Bureau of
Fisheries. The boat was equippwd for menhaden fishing and had a crow's
nest 40 feet abowe the waterline from which the cameraman was able to
work,
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Tho 4ffioaltios »et with in attenpiing to get sucressful tests from the
experipental fisheries bcat have already been menticred, Sharks were ine
duced to feed on btait fish threwa on the surface from the exterimental
voat, and s 3pa water sclutios cf repelient was sprayed szorz thez, 4 def-
inite lessenirg of activity of the shurks covld be noted wher the repellert
war used, but irn contrcl runs vhen no repellent was used there was zlsc a
gradeal lesserdng of activity, saking sn exact evaluaticn cf the effective-
s of the repellel’ 3ifTIcult, When it became ctvicus trat 1t would bte
impoesitle to sairtair any semblunce of umifore activity of sharks ‘n the
v’cir.ity of the experimental fisheries bcat, : erstiors were trarsferred
*4r 8 shrimg toat actusliy enguge: in trawling fcr chrimp, .

Sewdes IT

These tests were corducted from & shrizp Toat wbere thare was little
4ifficulty ir ottairing the :lesired shark ectivity oo the surfece znd as
long as trash fish mas thrown cverboard there appeared tc te = lessening
of activity of the sharks. When 2z showeliful of irask fisk was “krown -ver,

Yie sharks would strike it ainmost irmeciately within a few Tcet of the
borvt ant churn the wter as larg: mmters ol the sharks cerzeted for the
food, (See Plate 2). The shrirp *rawl zss teine irsgged Juring *hoss spe
2rations with tle boat =akirsz twe to three =iles per hour, Fer this reas-
on the shriep bost wovid gredually poll zwey from the so7ivity centernd
about any one shovelful of fis} that hac beern throzz over, =ut the sharks
sere sufficiently rlentiful that cmeh succeefirg shoveifvl world also be
taken slncst immediately, The trash ©4sh was throwr cTor iy shovelisful
asar the stern with the poat siosly umder <my, Then & 5% sea water solu~
tion of the "BSRe-copper acetate mittur: tas smyea overboard nesr the tow
forming a ribbon-likc pattern 10 to 12 feet -id: the boat moved through
the water; The traat Tish 7as discarcded at = :;r:i"of? rate, arnd cme thromm
irto the repellenmt treated ares wher that ates fezched the suere.  In this
test al: immediate activity was stopped by tic Perellent in the treated
area with the trust fish floating ob the surfabe until ¢ be re-
pelient tecanc sc diivted that it no eqer of“ered nrc'er‘:-*.
spraying of the -:-pcl;ar_t o5 discontineed 1 SDAT?
ually brought eck to {ecd ai ths sterrm of ’*@ toat, T
this tost was rocerded on 16 =z, Fodachrome dotion *ictt.m fiim.

Series IIT
This 7as amother tijpe of aass feeding test conductod from the shripp

btoat, The surface shark sctivity res ortsimed ir the ssme marncr as ir
Series IT, *ut the 4ry repelicmt mixture ~2s uses irstcad of a sca water
solution, The 4ry rcpslivat cixturc comp-isine #0% Calco ™SSR axd 27% cop-
per acctate was aixad ritk 2 guantity of tresk fisk fro~ thc shrisp tresl.
The approximete preportion of the repellsmt zixture used tis ‘1 v weight.
Succeeﬁ‘vr shovelsful of clean trash fisk were thrown over and taken almost
=iy by the sherve, Titk ne time Intervel Q.‘.«,rs,sed severel por-
“ans of tbe repellent-treated fisk were thror cver. Aetivity -me ~hmeres?
in the vicinity of the repcllent-treated fisk slmost .mcdistsly tut it ras
primarily a churning of the water and it wes not possitle tc ctserve rocther
ainy of the fish was actusliy taker., The zcticr started at almost the ire
s‘ant the treated iresh fish Rt che water hefor: the ropellens time to

disselw app*eeia\uy. The sctivity stoppos as the '-cp-‘lz rt dif <
t"rmxg!-out the area. In th: secomd and thire tests of this serd ke only
sctivity that ms orscrved in the vieinity 6. *ke treatod tresth rere
sharis mcving away zfter they had eviée::tiy becr sttractsd Tty the stlask in
the weter, and than driven asay Yty contact wit: the vepellant, 4 motian picture

-, '
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rioecord was also made of a typlcal test of this scrics,

DJISCUSSION OF RESULTS

73, Rogults of Ficld Tosts, In any discussior of thc mcans by whick a chemi-
cal substancc acts to prevent bait or foed being attackd by sharks it is neces-
sary to considcr the sensory stimuli involved in shark fceding, It is difficult
to makc any factual statement regarding the relative importence of the visual
stimulus and the olfactory stimulus, or any other stimulus that may be invelved
in the finding habits. Also the purt piayed by cach is probably not constant but
changes with conditions and degree of orcitation of thc 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 oné oT iWo
sharks 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 stimulus other than the visuul must have been sufficiently strong ‘o
make them take cognizance of tnhe copper acetate used as a repellent,

3%, It was not expacted that the dark dye, Calco "BSR would produce any more
than a visual stimulus in the dilutions met with under field conditions, btut the
success of line fishing tests made on moonless nights®indicated thal even under
these conditions, the visual stimulus remained sufficiently strong to be effec-
tive, or that some other response was being produced by the dye.

36. A substance that depends for 1ts repellent ability on its effect on one
sense alone, must necessarily suffer a decrease in effectiveness when the {mpor-
tance of that sense is shifted intc the background by some environmental change.
A surstance or combination of substances whose effectiveness depends on the stim-
ulatior of seweral senses would be certainly less Jikely to suffer a large de-
creagse in efficiency as the relative impc-*:zmce of ‘he various senses is changed
by external conditions during the search for food. It was for this reason that
a combination of the dyestuff, Calco "ESR, ané coppir acetmte was prepaved and
used for the final field tests, It was possitle tc include 20% of copper acetate
in the final formula without sacrificing any of the desirable solubility charac~

teristics of the repellent.

37. The results of the final field tests wvith the dye-copper acetate mixture
were very encouraging. The repallent vas effactiws in protecting trash fish on
which the sharks were accustomed to feed so -oracicusly. Those tests differed
Prom the line tests in thet the rejellent we. not constantly being replenished
from a cake of the solid material but the r pellsnt was only supplied once to an
area, It was to da expected, then, that ag the repellent diffused over a large
area in the water 'ts concentration would (ecruace end finally reach a point
where it wovld 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 aL.ut 3 parts par million if it
were considered to te distributed over a depth of one foat.

32, The reaction of the sharks to the repellent at the very beginning of the
mass feedin- tests of Series ITI where the repellent was used in the dry form
mixed with the talt fish was not unexpected. The 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 afterverd it was not surprising that the sharks would piunge in-
to the mags before the rerellent hed an opportunity to diffuse to any apprecia-

nss bofore the rerellen
- 11 -



ble extent, "hsn the sharks detected the repellent, however, they hasts
ily moved away from ft. 7ith.cack succeeding additior of treatea trash fish
the sharks rapidiy became more wary and in & short time would avoid the irask
fish that was ~ixed witt the repellent, This cumulative effect vas noted to
carry over to tests that were repeated in the same area severel hours tater in
which case the treated fish was entirely unctisturbed,

39. Pagkage Desigr, The majority of the individuala having need for a
shark repellent substance are survivors of air or marine 2isasters who fird
thezcelves in shartk Infested waters as & result of accident rather than by in-
tent. A unit of shark repellent material may be cariled for a long period of
time before it is ever needed. For this reason the ur‘t has to be compact end
durable yet the repelient should be easily accessitle and affective whenever it
is needed.

40. The unit developed for gemeral use ccnsistn of & flat seke of the re-
pellent material in a bag of cotton sheetirg which i{s protected by a water-procf
outer envelope made from a vinyl-copolymer-coated fatric, 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 similar to one described in the
sarlier report, the main points of difference beirg the use of cctton sheeting
instead of paper as the porous matcrial for the inner bag and the addition of
& lanyard at the bottom of the unit to help secure it to the life vests or belts.
The use of cotion shoeting for the fabrication of the imner beg was adopted be-
cause it permitted higher pressures to be used irn the formation of the repellent
caks within 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 after the froot flap has been
originally opcned,

4l. Specifications for the unit are given in Bureau of Ships ad interim
Specification R 51S48(INT), Shark-Chasers (Life Jacket) iated 15 June 1944,
This specification is classified as Restr.>ted. The Army Rir Ferees Specifica-
“ion, Packst; Shark Doterrent,No. 40828 dated 25 July 1744 is for a similar type
of unit.

42. A mltipocket unit was designed for use ty individuals who f’nd it
necessaery tc be in shark infested water by intent rether than by aceident. This
unit is a belt *ype to be worr around the waist since the user wovld not ordi-
parily be wearing a life vest or belt. Iastead of havirg s reclosure Jeatuore
this unit has four individual inner bags of repell:nt material, each of which is
scaled in a separate compurtment of the water-proof outer envelope. The com-
partments can be opened independently, therety releasirg the individual imner
bags as needed. The details of the design and heat sealing of the suter enve-
<ope are given in Plate 9. Plate 10 shows how the inner bags containizg the re-
pellent are assembled in the outer envelope and alro the method of opening.

43. The inrer begs are made of cottor nainsook of weight 8,5 yards 40® ma-
terial per pound. Each beg contains 4§ grams of the repellent rixture, pressed
without Leating into a cake within the bag to prevent sifting through the ilgat
weight cotton during the assembly as a final unit. The inner bags are zttached
to the outer envelope by mesns of = short strip of vinyl copolymer coated fab-
ric., The strip is heat sealed to the back of the outer envelcpe and can be
readily pulled off when the repellent is exhaustad or no longer needed.

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



cvt in such a manner thet a2 single compariaGiii can be opened without destroying
the water-~roofness of the other compartments. 4 wet belt with a corrosfon re-
sistent buckle serves to fasten the unit arcund the waist,



~é
ASZ.L Evidone: presented to show that s xture of 80% Jark dyestuf?,
Caleo WBSR, end 20% opper ecetate oxhibited strong shark Tepellent propertias
in tests wshere it 1s used to Protec: potential food o the sharks,

}A’.g No ccnditions sere found under shich the Csico T85R~-copper zcetats mix-
ture lost its effectiveness cr suffered sny serions reduction in effectiveness,

7
A’I{/ It is believed that the field tests by which the effectiveness of the
Tepellert »as evaluated simulate actual survival conditions safficiantly close

to make the resuits valid, =t least in a qualitative sense, in cornsideratior cf
human survival,

8T types of = shark repellent unit for individual protection have teen
developed and tested for genersl gerviceatility amd practicability., The de-
cision as %o who noeds a shark repelient unit is depemdent om =he likl{hood of
exposuvre of the individunl to shark attack and how critisel are ccnsiderations

2f welisht o3 Spmace. .

JJ)‘.eSubstantiated reports of sctusl surviwal use sheuld te giver caraful
consideration if zny change in compesition or design is cortemplated, It is be-
ileved that the shark repellcnt units =s developed and described here zre =8
effectiz_e a8 cen te developed on thc basis of existing knwwledge,

« 4 16 =, Yodochreme motion pleture £ila with soend rermatior showing
the development, testing aind use of the shark repellant kas been prepered ty
the Pheotogrephic Scisnee Leboratery of the Buresu of Aerenautics for this laber-
atory and ie evetlable tirevgh ths Bureau of Shps for viewing bty interested
parties,

-1 -



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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