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1 Authrlsion.ig -he research -n1U :, at thb. -:'ry -s auth-

:Ar'-otcr oft the Maval Research Leho-r-_tcr7, ~W')3" s~~-:f )3
Ftrther authorization was cor.tsir,:d in lettcrs frc' -.he Ch!,4f :tf Ž v. t c
Sh.p- :c th-_ :?-ýctcr of th- !'.val Rzsearch f- r-, [a/F-U.) -'-) ?.¶Ed .

2. Stetnent of Problem. st5-ic-s *-r t "- te eitin of "sb-rk
r-3p- .I-nt sater-. had 'b~en .=,;r --- yt~n~ var 'zt':rs-cr
at -he t•ne zhe nbornatory as autr:!rzec .ter!_ -vort - n 't rc:.TC A uC-
stanct., copper acctate, had been selaotoe c thymsc -avasti•_trc, sn÷ 'ta effee-
tivcne!s ;,. a shark nepellent ewnluat d. -he 3ain ;rotlC- %t "tA :t tw- tzcared
to be the developm -nt of a suitable ccntaIner 3r ýerica that -L.3 p-it thz
repellent material to be used efficiently sM eeeroc-lly ard th;t cr-I=d be
on life Jackets or clothing without irconvenince.

3. The problem chared in character -us work proFurthed. hlrt.r testir4 cf
the repellent qwmlities of copper acetate was indicated, and wbe it 'ecame ewvi-
dent that under certain conditions the -aterIal let -=Leh cf its effectiveness
the search for other materials as shark repellents was actively vzrzd. A-e
search for new shark repellent mterials w coordinated with &-- extcmstr-e prc-
gram of field testing aid deveiopment of a practical -=it 'or F vr- -al ,se.

4. Previous Work Bo-Im on the Problem. A Naval Research Laboratcry F -et
No. P-22O dated 25 February 194.4 oW entitled First Fartial Report cc *he :5se

of Chemical Materials as Shark Repellents* & rized the work of cther irv"st1-
gatora on the problem and deseribed the work of the Xaboratory = the -smtle t
to that time.

5. Work on the preject by previous investigators v- ir-itlaten y A urec-
tive issued June 1942 by the Chief of the Bureau of Aerervuties. in ceiimce
with which a contract nms mae with Marirne Studios, !mc. by the ^

t
Cmittee cnvw

ica.l Research of the Office of Scientific Research and Developemzt. -,w results
of the work by these investigators indicated that certain cheaeal materia.1s
possessed shark repellent izroerties and that copper acetate 'n prticular Med
stro.g repellent properties both in .ank tests at the Woods Fole OeetnOgraphic
Inst:.tute and in field tests in the 3ulf of =.n.!l o the + -. . . .t - __, -

6. T•he work of this laboratory was beg= in Apri :?L3 as a :, -_-=t_.ie e.
for'. with the Comittac on Medical Research and was later eamrrie ?-Ut
ent.'.y when that group terminated work :rn the project in August 1943. -.1 work
of '-Is laboratory di_- described ia Report No. r-t22, cox ria~v ,:.
pe --"antation and field testing.

7, The laboratory experi•entatzon as previously repcrted nay tC s.-nar•_edi
briefly as the formubation of copper acetate into a convenient cake fc.-, a
search for other chemical materials with shark repellent properties, azn theo-
tination of the several 3aterials into a practical shark repellent "Mit. ".*
':..lindriel cake foi, of copper acetate was designed as a co•nemient practicsl
form of the material to be used for ineividiml protectien. -be -Ifcm sind zcn-
aistent rate of solution of the =ateria- in this form also made .oesitle mtore
accurately controlled field tests.
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observations of the retiits in actual survival use are the speed rith -ich the
desired data can be obtained, the ability to get sufficient data to be statis-
ti'elly significait, and the pracxicability of havieg qualified observers at to-
seen- of the test to poerly interpret the results. The objective adcpted -"-s
to obtain the most effective repellent substance that could be developed within
a reasonable period and io produce the most practical iuit that could be designed
on the basis of existing knowledge. If substantiated reports of actual use of
the repellent in human survival indicate acne modification of the 'ormulatlon or
the design, such modifications should be carefully c asidered.

13. The portion of the work on the preblen de-ling with leborat-O7 experi-
mentation has been lnrmely coeraed in an earlier report, and only tI--t Dart not
previously reported 7ill be given in detail here. A part if the field testing
was presented in the earlier report, but the methods used and t% resiults of U12
field testing done by thWe Laboratory are included in this report in ordev to
give to oach phase of the tests lii. proper slgnif.• "a•.e.

METHODS USE.

14. laborator, Expurimentation. This work was made uc. largely nf the devel-
opment of the repellent materials, studies of solubility and tinctorial strength
of the naterials, the prcduction of a satisfactory unit for Individual protec-
tion, nnd further studies if the unit for rates of diffusion, length of life and
general seiviceabilitv.

15. The use of copper acetate as a shark rep-!'ent material was proposed and
first tested by the committee on Medical Research befcre the Laboratory began
work on the problem. The development of the dyestuff, Calco WBSR, was doe by
Calco Chemical Company in response to a request by the Laboratory for a dark dye
with a high tinctorial value, readily soluble in sen water, and compatible with
copper acetate. Studies of tinotorial strength were made with a CencoAamford-
Sheard 1h nmiter calibrated against neutral density fiter. T_,w-r-ission dAta
were obtaiiied for solutier-s in d•ltillei water and sea water with and without
copper acetate added. Transmission measurements Pere also used later tc follow
the rate of diffusion of the repellent material from the individual units. The
sea water was prepared synthetically, from C.P. chemicals accordung to the fol-
lowing formula:

Magnesium Chloride (UC1 2 • 6Hp) 11.0 Cm/liter
Calcium Chloride (CaCl2 - 2H2 0) 1.6 " "
Anhydrous Sodit. Sulfate (Na2SO4) 4.0 " "
Sodium Chloride (NaCl) 25.0 " "

16. The compatability of the dye with copper acetate was studied by means of
pH measurements as wail as by transmission dat.. The pE af sea water is suffi-
ciently high to p'recipitate copper from dilute solutions of copper acetatE 2-
that one of the requisites of the dye was that it maintain the PH of sea water
solutions of the mixture at a point where the copper wovid not be procipitated.
Measurements were made with a Coleman pH meter at various concentrations of the
dye alone and of the dye-copper acetate mixture.

17. Individual units of the repellent mat.--rft2r .. 1a et tests were
made up by mixing the repellent with suitable binding and solubilising agents
and then forming into a dense cnke by pressing in a steel die !rith a labe-ratory
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-odel h•edrmalic press. .he design LMd evelopent -f -he units for aota•a sur-
vival -.se ws somewhet d;fferent and wjl be treated at _ -ater eint in this
ret•ort.

I. Fis•d Tests. T1he repellent value of r: sul;sance w-as rrin-o by its
at-Ity to "rotect a zu'tatle bait under a ,arie.y of condltt.cns. .he use of
live -- i•aals cr fresh2y killed ar.Lmals was corsidered ty the .ori±i_-.a trvestiir-
torms for the Co-ittee -r Medical Re-car7h t -ts fu~ged topracaioa. These
irvestik.ators usc- a m,?:hoc of 14ter-lnirio the Abil y -f a Fubhst.ce t Trctect
bait fish to evubUate its effectiveress as a shnrk r"-)e-lent. Th!s 71th
2cne modificattons was usec; for 'v first :zrt =f oýhs e a era ao-t

field~. tes-- 7M I-. - - ._--výýV a;cl -- r Ine
presence of a repel!lit nr. o=e line; the cther :ine acted as a control. The
baits :n -he hook6 rere suspended 't the desired dec-,ts- 1t mýms -f flcats. The
lines T-re fished frco the stern of L anchored -_ ai~o '-e -7T. epr_-ated a
distance of 25 to 5r, feet b, mearno of outriggers a s=& sa-l raro-neas.

19. Plate I, Figures I and 2, are underater obtogrsrnh snLaT-LnE 'I", relo.-
ticnship of the paravane, float, repellert an•d :it. Fizure s 'a picture ot
the .rith n repellent unit ttarched ahfil,ý the line -r. ?i-ras a 4-%d=y
ra-ý+_.,t cakc of bckeltit- attached ann acts 7-s n control. The r-elleýnt -att-chodi at the lead sinker so that its depth did nct ch-ane. The reoth of the
beat der-.-c.ed screwn_ -the rate -- f the ' t-u.rre-t, c=ns enucnt4, t ="id n't -!
all tin,:s r 'wn.- 4n the repellent - ts -i. f¢oee 'o-ncurrent fr= ':h: -Epac-t

cake.

20. T•h edges of the flat cyi indric=l repellent oake 7ers or-t- cted to eis
the repellent to dissolve fron the unprft~cto.d f-ce at. -'nif.-ra- rate. I rate
of solutior cf 3C gr--t Ter hour was chosen is a st:ndard for the floe fishing
tests. M:is rate re-li'd ra.--y rith the tennperature- of t-rc vster, rate cf -=rert
flow and rou•g•ess of the su--ftze ratsr, !%,-t = o-vr ag laC.i ins : rD r
enki. would last slizhtly -ore th= 3 hours.

21. In aPnother ty7.c of test, instzad cf fishimr a •uarol a t
line simi' tAecusly, two control lines Were fished for a eflinite period, then
tuo repellent lines, end finally two control lines o~o in-. I this way thý' rate,
at wh-ich the shark couli te expected to be 12rht =a estoblished 1.b the •ontrci
pcriods and the effactivvness of the repelnt Y.-s dotetrined by cow.arin4- that
-ate -ith the rate at whi=h they were eaugt -.ten +he reralent -es used.

22. T'he repellent 7_s alse tested agai'st Large gr-ps of sh-rks feeding- on
the surface. This ness femedIng condition exists where .a large ancunt of f-ood
Such as fish cr garbage is thr-vn, rnpenteily into an area ina ritod shnaras.
The sh-rks become accustomed to tking the discarded material &=5 feed ve-racicus-
ly cn the surfePce whenever the food i- h't.-Lýv- er. FFild tests verý conducted
in the vicinity of 71:y t, 2lcri-ia, where, during -,he months of May -A %Me,
large mnobers cf shnris fcllor the shrimp boets to feed cn the trash fish that
is taken in the shrinp trawl a& discearded. The pt--pose of the tests W-a*s to as-
tcrntc then effectiveness of the repellent material "n stcpping the sharks fr-on
fc dio on the trash fish %hich they ordimnr-i took so vcraciously. 7:c first
tcsts of Zzis nature were conducted fro'n a bAt other than a shrasper. A quqn-
tity of bret fish -,as t.aken aboard and the boat 1-cnught a.lngsidae a shritp boat
that was discardirg trash fish. By th-rc-ing over bait fr-m the •xperi'ental boat
'ust as- the discarding of trns•h fish fro= the shrimper v-os diseortirunl the
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sharks could be induced to follow the experimsenall boat, and t .-_e the ba't as it

-s thrown. over. A sea wter solutl•n of the repei.ent mtertnl uns then sprayed

en the surface of ttie unter mid bait fish thrown into the treented area. T-he ef-

fectiveness of the repellent mei Judged by the extent to which it was able to

stop the feeding on the surface.

23. This method of t÷asting was only pertl:,, successful. It - a difficult to

keep-the sharks in the vicinity of the experimenta. boat because -he sshtrks hfod

evidently become so highly conditioned that they ccal¢ readily Jifferentiate be-

twepa thn eaperinenttl boat -nd the shrimp boats fw- which th),j 0rdinsrily re-

ceived their f-coo. For this reason It -as difficult to det-rmine -zhether tha

repellent mnterial drove the sharks from the vicinity of V.b •-,-aient het

or whether they left of their own volition. Another difficulty met with in this

type of t( st wus thp.t the action took place in such v. short sa•ce of tire thaIt

it -.ms d'iicult to obtain any quantitative nrmerical data to w,:botantiate the

observed results.

24. The first difficulty was overeome by carrying out tests from boats ac-

tual'y engaged in shrimping operations. In this case the presnc= of thi- shrimp

trawl, the sound of the motors and other factors ,wre exactly tbchc to which the

shnrks were conditioned and as long as bait fish 7-s thrown over, there was no

difficulty in keeping th, sharks in tho vicinity of she boct. The diffIculty

of obtainirg numerical data ras overcome by th- -ae of aoticm picture-photogra-

phy. By this mears the activity of the sharks on the surface at the stern of

the shrimper, the manner in which the repellent mlterial was used amd the effect

of the repellent on the shark activity could be shosn. The Photographic Science

laboratory of the 3uirnu of Aeronautics aollnbcratntd with this Laboratory in the

production of a 16 mm. Kodachrome filn which L- not only a photcgraprc record

of +he field tests but also tells briefly th: :=t•re story of +Iht development of

ri shark repellent Vor survivwl use.

25. Flatc 2, 1,-e and _2, -re phot-c-rnphs sheLng the activity of the

sharks at the stern of a shrri=p .oaT. au ar-aýi f-rn is bL.6 tLxvan over. Th

lines to the trawl re visible. Plate 3, Figs. I and 2, ar_ additional shots

of sharks feedir4 or th. .iur,'ace,

26. The sharks d&-alt "ith in the mass feeding tests -re& =.=tly of the con-

mon black tip varieet, Carcharinus Limbatus, a species not generally considered

dangerous to man. These sharkr were of en aver.ge size of five tc sv-•e-. feet.

It may be considered oertinent, however, tii!nt aJ the saMe tiOme tht nIM

were being conducted in the ý"Iinity of Mypor•. Florida, a y.ng• girl =ws bit-

ten, apparently by a shark, while bathing on +2i• beach in 3 to 4 feet -f water.

Plates Z, Figs. 1 and 2, are pho.ogrnphs of tat wound, a typic".i shLark-bite,

which were taken at the dispensary of the Wyp-rt Maval Frontier Bane -hzr= th

girl rms brought for emergency. treatment.

DATA AM1 RMSLT OKTA,-,2.

27. Laboratory Data. The tinctorial streangth of nany dyes was measured pho-

to•ctrirrally but only those data on the dyestuff, Calco WBSR, nd its combination

with copper acetnte a-r included here. r-rnsaission vs. concentration curves

arc idwin in Flate 5. -he curves are for the -Are dyestutff, Calco MSR, in syn-

thetic sen. a-iter and for on 9O/2C mixture of the dye a•!s coppcr acetate. The

curves -em obta-ined with a Cence-S-nfcod-She-ard PMoteloeeter with tungster

-5-



light. Tor r;L-Vkr !dent ificetiar of the rlen'ejj= tiXttre Ohe tr-rxxsatsom
=easrc_-4 7i4aratten #0_9 f'ýtc-r. It oort- of4C .p.z. tbe melezot mixture shovecd a tre_-rsw&ssi for rhitt :!,-t of 11-

'oU: t tb.C 'Wte -ie-As'given CI yt the w-rfttEm 09 filt-cr the- swiio cr

2?. 1 r -,ctraij tr-z~sg-so =urwn for A~g '-rgp'ct:.i - yl%
ccppe - o~OcIas S2Lvwý 400C w-F-s p-cpreA by the Ca-Ice Cpý- iiic i:tislmOf Anerlcan C7-na C--MFCX,-. Thi!s cUrve iS -rEvroa-M.ý C-' In. Fllt: -.1. -oce~n-

ltstcc L&anIs 40 l.o-.n. i: sidYtr

29. PF-dr-oqz!. 5o-' cmmt-t~nwsiresyrts werc Ofd- cyne _s :ciaz -rass :lctrode :il mater. 7h_ re-gniwts ofaateT. rsy~ci sea- vnt-r
3s!Ltitos Off tUha dye, -zS1, me of mba- ;C/2D mlxtt:rc of tlz -47 r; Iccoocr c-Im
tte-_ !,7-i~c rt-'oI the follo'.-ir tacble.

Z of. v -aco " E• pm- 2ici)

l_.6
AE.5 I25r

zo:
ZIOE

250CC0
'Lro)C

30. ýIt of Ln -usLrtor~z o.~t~tevcn

- ~,---~ -:-t~ - *~ - ,:z at ~~r a~rcctte. S-erifs 11
=-v ar t'csts of Oh:- .d ~caete zzý ttc a-rt- ,:' ..an -f r:' =-es the -!- -f c-'j _

7- . .- -Z -.is -'d e_ - -- wso ~ctd mitt.re

~llat:az.7ots useds that ýCita hmw franm 5 to
25 -fe-ctore- Ithc swaw-ftea ---d reloealamt aows-tah

*-Z c'P imchcs f'r-c mAit.

YP-esh ss&o-ar=o.

C-op-r Lectatc.

Sma-i ha=.rnazad =-ntsc"d lc:

6 -

* coz�-� .- �,. - -

of

ScIt. C4, -"C



Nuaber of shark's caught on 7,ontrol l'ne - 25
!umber of sharks caught on repellent '!;e- 7
Percent effectiveness ..........- 72

Tests condupted at:

Rigs:

Baits

Renellent:

Type of sharks-

Condition of sharks:

Chandeleur Island, Ltoustlna, rff Bilold, Miississippi, 3u
July 1943 to " Aufust 19/3 between hours of 0 *0 and 2CK10.

T-,o similar rips used, one with repellent cake. floats
uLo-d te suspend baits about 3 feet belor surface. ReoBI-
lent cake attached 3 inches from '.ait.

Fresh white trout and gmoun millet.

Copper acetate.

Black tip and one sharp nose, other types inmluding ha.-
merhead, lemon shark and tiger shark, known -o be in vlc-
inity.

The sharks were stirred up and Wo-ught to the surface by
dragging a shrimp trawl and by chumming. The tests have
been divided into tro parts arbltrartly on the bests of
rate of fishing. During the period of great shark activ-
ity the sharks often struck the bait a few seconds after
it struck the water and it is possible that sow of the
sharks attacked the bait without encountering any of ths
repellent.

Results • Percent
,,.÷- 1-,- Roplen Efe c iv+ u

Period of great
shark activity

Period of lesser
activity

Combined periods

Tests conducted at:

Rigs:

Series III

Florida Neys off Bahia 4onda Charnl, 12 October and l1
December 1943 iuring hours of 1000 and 2000.

Two similar rigs used, one w.th repellent cake attached 36
*nches fr I- hAt. Float- used to keep baits about 12 feet
below surface.

**F. m-bers include beth catches and strikes.

#The test represented by Series Il ras conducted 11 the Coemittee on Medical Re-
search with the cooperation of a representative of the Navea Research Laboratory.

-7-
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37

11
48

45
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Fresh zullet.

"?•pye of Sharks:

Corndtion of Sharks:

Copper acetate.

Black tip, sharp nore and black ncee. Onee larre =.ure
shark caught on non-experizental rI1.9

Efforts -rde to att-,met sharks tV, vicinity ,7 c-ccas-o-..-
chumming with chopped ullet a'. bottm fishlng for etherfish. Exploratory catches made c to ST presence Tf sharks
in 'rici--ity.

Resu•ItL-q

Exploratory catches
Comtrcl line
Repellent line
Percent effective-ess

12 4.

2 44

Tests conducted at:

Bait:

Tý%e of Sharka:

Condition of Sharks:

Florida Kyv Aithin a radius of 25 miles of Imrxth=n, Flor-ida during all hours including het-s v-_ih Mrh -3or Und"-e woen~liht ecndltiora.s

TWO similar rfxs used. c.-e -Ith ropellent _-ake and the oth-
er rith dum= bakelite tl-•. erellent• cake attached 36
inches from bait. Floats used tc keep baits 3 to 15 feet
below surf;.-e.

Fresh -m'ilet..

Black tip, shcvelnzose, black nose and sharp nwe.
Ocvasionl chtming ziti choved -- 11

et. SL'r.t c- fnsh-

ig f!or bottc fish. Zxploratory catch-s made tc sheCV pres-
ence of sharks in vicinity.

Results-

Exploratory catches
Control li4ne
Repellent lIre
Pcrcent effectivenre.s

Tests Conductud at:

Series V
Florida Keys nea 3harthcn, Flor~ a 7P *J-rT ZI•/..

Tho s! ~ f-5 -i thou repe.Il-nt a :r4 :rst period.
two -ith repeaents durne soccrd period and tw-- withouet
repelent again :r-rg 3r" paripd. Bats 5 fc. 'eiow Sur-
(w-e.

Cf

Catche!

50,
2

trikes

23

2
97

I
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I Bait.

RepelleQ.;.:

Type of Sharks,

Fresh mwllet.

Dyestuff Cale* UBSR.

Black tip, black nose and sharp nose.

Cond'tion of Sharks: Chumning with chopped wallet at a relati.vely consta.it ,rate
throughout test.

"Esaults:
1st rishinm period - 100 miftktes, no repellent

Sharks esght-- - -- ------.-----
Strikes----- - ..-.-.--.---.-- 9
Greatest interval between
accions-- - - --------------- 13 minutes

2nd fishing period - 100 minutes, repellent used.
Sharks caught ..-.-.-.--.---.-- 0
Strikes ...-.-.-.-.-------.--- 0
Greatest interval between
actions - --------------------- minutes.

3-rd fishing period -58 minutes, no repellent.
Sharks caught .-.-.-.------ 4
Strikes ...-.-.-.-.-------.--- 2
Greatest interval betwpen
actio ------------ 21 minutes.

31. Results of Moss Feedine Tests. The first tests of a repellent aater-
ial against large numbers of sharks on the surface were conducted by the inves-
tig•.tors for the Committee on Medical Researca in the vicinity of St. Augustine
during Aky 1943. In these tests it was demonerated .imt copper aceinie iose
most of its effectiveness as a rmeilent under the conditao•m of mess feedlng.
Te;ts with dark water-soluble dye were conducted near "ayport, Florida in June,
1943, near Biloxi, Missisaippi in August 1943 and again at Mayport and Ferghn-
dinn, Florida in Septeaber .943. In none of these instances, however, was the
activity of the sharks sufficiently graet to make the results of tL, t-osts oGn-
clu sive. They did indicate in a qualitative way that the dark dyes possessed
repellent qualities ag.inst the mob action displayed by surfase feeding sharks.

32. A more extensive $eries of tests was planned In order to evaluate the
effectiveness of the Calco MR, copper acetate mixture under mass faeding c==-
ditions after the repelleunt qualities of the dye had been eaht.lih"ed by line
tcats. These wess feeding tests were carried out In the vicinity of Mayport,
Florida between 27 May and 3 June 1944.

This series of tests a conducted from an experimental fishing
boat that had been eagaged in *ork for the United States Bureau of
Fisheries. The boat was equippud for menhaden fishing and had a crow's
nest 40 feet above the waterline from which the caaermamn was able to
work.
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rhoAft•fb ,to 2et with in atteypting to get tmc.-6aful tests from the
expe.rtmntal fisheries boat have already been menticned. Sharks were in-
duced to feed on beit fish throw-i on the surface from the experimental
boat, and a sea water solution ct repellent ma sprayed z-*=r the-. A def-
inite lessening of actirity of the shiarks could be noted when the repellere
was ,aed, but in control run s en no reTellent was used there "as also a
wrativhal lessening of activity, sakimn an exact s-valuatimn cf the effective-
ness of the refeaX. diff'icult. Whem !t becaoe obrious t.at it woutd be
rc7ssile to mairtair. any semblance of undforu act'rity of sharks 'm the

vicirity of the experimental fisheries boat, , eratlors mere transfarred
"¢. a shr--mo bost actually engsgei in trawlir- fc.r Otr-_-.

These tests were ccrducted fror a shrti• 'oat where th-z-e was little
'1ifficulty in. ottainirz the :Ieslred shark act-irity =.the s.rface and as
lon• as trash fish -7as thrown overboard the.re asaeared t: be n-c 1ssering
of activity of the shar-l. When a shov*L'• of trash fish ras thrown -ver,
the sharks would strike it a•inost izmediately within a fer f-et of the
beat amw churn the water ar, large nnmters o&' the shark-s cv.z$eted fer the
food. (See Plate 2). T7e sh.... trawl twi . helre !ragged during *-t-se c7-
stations vith the oat -a:Ilr_ tiro to thr-e m!r*es per Fot. ?or this reas-
on the- shrp boat ;otid gradually pull a..vwy from the ,c-.ity centered
about any one shovelful of fish, that had been thrown -ver, mt the sharks
..'ere sufficiently plentifui that each s--ceedir4 shcvelifu ivd also be

tdatel-. * he t--ash f!sh ws t--os- :.v 2-r ty shcvelsful
uar the stern with the boat siv-C:lyo ier way. Then a 5% sea rater solu-
tion of the )'SR-conper acetate mi-tur- ras sprayed overboard --ear the bow
forming a ribbon-lak latterr, 10 to 12 feet -ide as the boat =Ted thrugh
the -ateri The trash fish -ras diseirded at a =in1f¶ ratc ,nr- •-w.
into thc repellent treated earea wher that &+ea k-ached the su•cr. 1M this
test allI inmedlate activity -"a stokqed by C.'V Ia -ellent, it the trastad
area ,.th the trash fish floating Uhmodd oa the surfie nt~l the re-
pellent teceam sc diluted tbat it no icoger offered troretEt:1. 'an the
spraying of4 t~hC rn-pdiant ;-as diieconirdw.d zhe sham be grad..
iaLly broughft be-ack to Sc i tbh: ste-r. of :!c ',oat. 7hc act-.= :',ring

s -st "-s ir' cýrd3ed on 16 m. Kodachrome zotlon r ictur f!12.

series 1:1

This -.as amnther tyre of nass feedirg 1est conductcd from the shrim
boat. The strface shark activity ras rttanEUd -• the same narnner as in
Series I1, -t.t the- dry repellcnt mixture zs use: instead of a sea Mater
solution. Ti-7 dry rp.l.-i•nt mixturc comI-Isin-- W% Calco V3RM and 2-3 cop-
per ae.ttat- _-a_ wixod eith a auantity of trash fish fine the shrimp trawl.
".he approrimate proportion of t-he ro1allint mixturc used •"os 5% by weight.
Sucoessivu showelsful of clean trash fish rcre thr-own ower and taken alisoat
a.,. ,t.- .a ..c- i .. - s aTral p
t'-ýns of the repellent-treated fish were thr-mr o-er. Activ-ty -. a
in the 'icinity of the repellenlt-treated fish %lmost imrmdIatcly but it ,ms
pritnrrly a cur.i..- of the ,ater and It was not pess blk to ocs.rve srhcther
any of the frsh was actur&i y taken. 7he aztizr started at a: t the ia-
slant the trcated trasE Nslh bit rlý wnta- h'l-f- -ý +I--~ .- A .-. 4.n
issolye appreciably. ,he. activity stoppon as the •p-ilEnt d-iffus:d

throughout th; area. In th: second and third tests :f this siries the Only
activi'y, that "as oiscrved in the vicirnty, o- h treatol trash fish. rcre
ShArks moving avay after they had avidently becr attractý- b ": se-:ash i
the water, amid tbm driven avay by cntact -dth the repall.-t. AA mtic pictwre
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r,icord was also made of a typical test of this sA-ics.

DISCUSSIOI! OF FSUIs

13. Results of Field Testa. In any discussior of the means by w;hich a chemi-
cal substance acts to prevent bait or food being attacked by sharks it is noces-

sary to consider the sensory stimuli involved in shark feeding. It is difficult

to make any factual statement regarding the relative importance of the visual

stimulus and th1. olfactory stimulus, or any other stimulus that may be involved

in the fPeding habits. Also the part played by each is probably not constant but

changes with conditions and degree of oecitation of Gno sharks.

34. The field tests cover a wide range of levels of excitement or activity of

the sharks. They vary from the slowest line fishing testa where .v.. o5r or two

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, regar-iless of what senses are used by the sharks in locating their

food some stimulus ether than the visual must have been sufficiently strong to

make them take cognizance of the copper acetate used as a repellent.

35. It was not expecWd that the dark dye, Calco 'BSR would produce any more

than a visual stimulus in the dilutions met with under field conditions, but the

success of line fishing tests made on moonless nightslindicated that 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 its repellent ability on its effect on one

sense 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 substance or combination of substances whose effectiveness depends on the stim-

ulation of several senses wouild be certainly less Jlkely to suffer a large de-

crease in efficiency as the relative impcf:=nce 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 'ESSR, and ceppr acetate -.as pre, i and
used for the final field tests. It was possible to 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 vith the dye-copper acetate mixture
were very encouraging. The repellent ves effsctiv)3 in protecting trash fith on
which the sharks were accustomed to feed so -oracic-wly. Thczc tcsts differed
from the line tests in that the rep.ellent 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 be expected, then, that as the repellent diffused over a largs
area in the water 'to concentration roulxd and finally reach a point
where it world lose its effectiveness. Ir the tests 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 aLiut 3 parts por million if it
were considered t,, te distributed over a depth of one foot.

38. The reaction of the sharks to the repellent at the very beginning of the
mass feedinr tests of Series III whr-re the repellent was used in the dry form
mixed with thu bait fish -as not unexpected. Tho highly conditined shrks fol-
lowing the shrimp boat on sensing a shovelful of trash fish hitting the water
would immediately plunpe into it and churn the ater as they competed for the
fish. 'ben the trash fish mixed with dry repellent was thrown over in the same
way immediately afterward it was not surprising that the sharks would plunge in-
tc hen maa bcicr the re.ellcnt b., an opportunity to diffuse to any apprecia-
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ble extent. Mhan the sharks detected the- repellent, hovever, they hamtwily moved away from it. 'ith ea ch succeeding additior of treat-c trash fishthe sharks rapidly became more wary and in a short time would avoid the tre.shfish tha. was -ixed witk the repellent. This cumulative effect Was noted tocarry over to tests that were repeated in the same area several hours Lator In
which case the treated fish was entirely undisturbed.

19. ckare Des.!gn. The majority of the individuals having need for a
shark repellent substance are survivors of air or marine disasters who findthz.l....-.s in shark Irnftud wtera as a result of accident rather than by in-tent. A unit of shark repellent material may be car-iied for a long period oftime before it is ever needed. For this reason the un.lt has to be comnact anddurable yet the repellent should be easily accessible and Pff~rtlv- ýben..ver
is needed.

40. The unit developed for general use consists of a flat cake of the re-pellent material in a bag of cotton sheetirg which s protected by a mater-proef
outer envelope made from a vinyl-copolymer-coated fabric. Plate 7 is an outsideview of the assembled unit. Plate 8 shows the front flap pulled down releasingthe inner- beag of active material.' The unit is sImilau- to one described in theearlier report, the main points of difference being the use )f cotton sheetinginstead of paper as the porous material for the inner bag and the addition ofa lanyard at the bottom of the unit to help secure it to the life vests or belts.The use of cotton sheeting for the fabrication of the inner bag mws adopted be-cause it permitted higher pressures to be used in the formation of the repellentcakr within the bag, and it also proved to be more serviceable in sirlated usetests. The inner pocket is to give protection to the bag of repellent materialwhen the user wishes to save it for future use after the frcnt flap has been
originally op:ned.

41. Specifications for the unit are given in Bureau of Ships ad interimSpecification R 5lS48(INT), Shark-Chasers (Life Jacket) tated 15 June 1944.This specification is classified as REstricted. The Army Air Forces Specifa-".ton, P--ckt; Shark DcUtrrent,i;o. 40829 dated 25 July 194,4 is for a similar type
of unit.

42. A multipocket unit was designed for use by individuals who f!nd itnecessary to be in shark infested water by intent rather than by accident. Thisunit is a belt t-pe to be worn around the waist since the user would not ordi-narily be wearing a life vast or belt. instead of having a recl,esur-e feat•-this unit has four individual inner bags of repelli.nt material, each of which issealed in a separate compartment of the water-proof outer envelope. The com-partments can be opened independently, thereby releasirg the individual innerbags as needed. The details of the design Wnd heat sealing of the outer enve-lope are given in Plate 9. Plate 10 shows how the inner bags containing the re-pellent are assembled in the outer envelope and alco the method of opening.

43. The inner bags are made of cotton nainsook of weight 8.5 yards 40" ma-terial per pourtd. Each bag contains 45 grams of the repellent nixture, pressedwithout heating into a cake within the bag to prevent sifting th-rough the li[gweight cotton during the assembly as a final unit. The Inner bags are attachedto the outer envelope by nea-ns of -- short strip of virnl copolymer coated fab-ric. The strip is heat sealed to the back of the outer envelope and can bereadily pulled off when the repellent is exhausted or no longer needed.

h. The front of the water proof envelope is provided w1ith pull tabs and
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cvt in such a manner that a single 2ompairtzit can be opened without destroying
the mater-'-roofnos, of the other compartments. A web belt with a corrosion rm-
sisttnt buckle scrves to fasten the unit around the waist.



S• -'e.1enM3 4 MV . presented to show that a mixture of 9%, .'ark jye.stuff,Calco BR, and 20% 'opper acetate Vxhibited strong shark repellent propertiesin tests w•e-e it is used to protU;. otential food r tl-e sharks.

Z MO ccrndtions vare found under which t+he Celco B3R-co~per scetsta tix-ture lost its effectiveness or suffM ý A-, a efec-iveness.

It is believed that the field t
ests by which the effectiveness of therepellert was evaluated similate actual survival conditions VUffici-ntly closeto make the results valid, at least in a ovalitative sense, in cwmsiderat•or cfhuman survival.

types of a shark repellent unit for individual protection -.Ave beendeveloped and tested for general serviceatility and practicabulity. The de-cision as to who needs a shark repehl.ent unit is dopendent = -Ae liklihood ofexposure of the inditrdual to shork attack and hoe crities! are ec ldc rations

1.49 Substantiated reports of actual survival use should be given o:sref,-..lconsideration if any change in compositionr or design is cortezplnt._. It is be-lieved tbht the shark repellent =nits as developed and described here are aseffective as cen be developed on the basis of existing knwledge.

-9ý A 16 m. Podnchrcue notion picture film with son- rArration sharingthe aevelopnent, testing and use of the shark repel-lent as been prepared bythe Photographic Science Laboratory of the Enrea nf Ae- cs fPr ÷re ,fatorV ndA is lBureau of Shs for viewing bynparties.
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The assistance of other members of the Laboratory staff
not meo.tioned in the body of this report is respectfully ne-
knowledged. Stewart Springer formerly of .- is Lab_'rntory and
at prenent associatcd with the Reed-Martin Laborntories, Fort
Myers, Florida, rnd Liatt.(Jg) C.R. Wallace USNR, were active-
ly connected with the field testing program. Mr. F. E. Brinnick,
associate chemist, was instrumental in carrying out much of the
laboratory development of the repellent unit.
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