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Explanato<t Note 

The series, Special Scientific Reports, embodies results of in
vestigations, uimally of r cst·ricted scope, intended to aid or direct 
management or utliz~tion pr~ctices and as g'J.ides for administrative 
or l1~gisl;!tiYc action. It is issued in limited quantities for the 
official use of Fod~ral, St r..t c or c:ooperating agencies and in pro
cessed fonn for economy :·nd to .:.void d~lay in publication • . 
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' . INTRODUCTION . . . 
. World War II brought iDT in1;o use as an important insecticide·. . Frpm the 
control of pests of man and domestic animals its usef\11.ness sorn.expan~ed t o 
include contz-ol of harmful field crop, orchard, trupk,. and forest insects. 
Investigation~ of possible dangers and of increased usefulness par_e:lleled each 
other froffi the first. · 

. ' 
As soon as DDT was taken outdoors the dangers were instantly multiplied. 

In 1945 the Fish and Wildlife Service and the Bur.eau ,of Entomfl.logy _a!J-0. Plant 
Quarantine of the ·United States Department of Agriculture ca;-ried on ~l--~ensive 
cooperative investigations on the effects on fishes and .wildlife_ o! DD'l" -used 
for killing mos qui toes and for controlling gypsy moth, spru_ce b.udwonn ~n~. 
other harmful for~:st insects. Both field and laboratory studies were made, 
and the results were sum:narized early in 1946 in Fish anp Wildlife Senvice 
Circular ll_,, entitled llDDT: its effect on fish and wildlife. 11 Six of these 
studies were described in detail in th~ July 1946 nll!DD(!r of .The Journal of 
Wildlife Management. 

The 1945 Investigations on the use of DDT for insect control and on the 
effects of ~uch use on ·fish and wildlife led t.o the conclusiqn that the lowest 
desages needed to effectively control mosquitoes and f~rest insects would 
kill little wildlife. It was f ound that .crustaceans, fishE!s, and amphibians 
were more susceptible to DDT poisoning than were birds and mammals. The goal 
of tlie year's work was the development of recommendations for the use nf DDT 
in such ways as to minimize danger t o wildlife. These recommendations f onned 
the meat important part of the printed circular. 

In 1946 the program of .research compr.is~d routine follow-ups on 1945 
studies and the extension of others in which conclusive data had not been ob
tained" SQme new studies were also con9.ucted. The Bureau of F.nto mology and 
Plant Quarantine ·cooperated in the planning of each of these investigations 
and worked with tb.e Fish and Wildlife Service on several, particuJ..arly those 
on fishes, On other studiei the Fish and Wildlife Service was asssi~ted by 
the National · Audubon Society, the New York State Con§ervation Department, .the 

· United States Army, and the United· States Public Heci.l th Service. .. . 
· As in 1945, most of the· DDT used in field ~tudies was .. sprayed by airplane 

at· rates varYing fr.•m -1/5 to . 5 pounds per acre. '!be. rates were unde r 1.1 
~und per acre in the majority of the areas; . ·and the majority of the· applica

.. . tions were-in oil, .In one area fo\ll' . applica~ions of DPT were made a-t weekly 
· intervals; in another two applicationa with a f our-weeks• interval. All of 
the other ·areas received a single application. Weather conditions amd foret;t 
canopies .1tf different density CflUSed considet:able variation in the am1ount of 
DDT that reached the .ground! · Spectrophotometric an~lyses were.made !r~m . 
depnsits on~ver fifty filter paper sanples in each of two areas. The amounts 
averaged one-fifth the rate o~ applipat~op in one area Rnd one-seventl1 in the 
other. At no station did the ·amount depositedf.n the ground approach the 
amount spra~"t?d abov~ the canopy. 

'I 
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Inv~stig;-tions on t wo are ... s, · 1:i~tuxJ~t ·R~search Refuge, Maryland.t and Lack-
.· a.wanna C~tyl~Y, Peiu:;13~·;vania, wer~ c'?_ntipuat:i9nS of ymrk on birds begun in 

194?., The other .arE?~~ 1vei:.e new; :art~ ~-h~ .P:1·~ncipal work was <:>ii birds, fishes, 
al'}d .oysters •.. Laboratory studi~s: vrez:e· m~de at tl)e .;Fish and Wildlife Service's 
Patuxent. Rese?:r.cfl;.·Ref,i}~e~ La~fi:e'l~ l~rti~.nd ,.(pos;t' 0

1
fl'ice· fo:nnerly , Bowie, Md.) 

to determine the effects of sub-letnal dos'e!s u'f DDT on quail reprodud ion, as 
well as othe!' efft:~cts on quail and cottontail rabbits; ·and at its Fishery 
~t~tion at L.ee-;,~·,;m_... \X~.~t. V~rg~:aj.a o_p ~.~e ir,q~ci.ty of DDT to fishes. 

' • •i I • • , • • • 

Result~: nf):.!i§! . ~946 ~nvcs"t?';igatio,n~: ~~nfirrll '~he coqclusions of the pre
ceding year w~t~ r.ega~d -Co the suscepf,~l.'i:i;lity of biros' and fishes to DDT pni
soning under fieid. :conctit iofis. It is' .a1iP.ar~nt · that much still remains to be 
rlone be:f'o~e. tne :~~ri&1~~~~ ei:f~p~ _; "Rr _·onr·~~ri.~.,vi1d1ife can be evaluated. 

, . .. . .. 
• •• · .J tr ~ ; '. ;i • • ~; ·r.··. ·, 

A summary qf·the , individual studie$. ff'll;ldws: 
• • • I 4 ' .. I _., • ' , I . ... . O • ' 

' . . .. FI~D.! sbm:iEs ·o~ ~IRbS,. trshE5; AND OYSTERS 

..• . ·f., :· , • .lat~nt Re:;;f~a~·pp _Refu_g~, Md, 
! ... • • • .,,. "f'. I .o I 

On Jun~ 81 · 119.4,'~ .. ·}he~.'h 7-'~~e: {;.~iA~'.~iJ~;· b_ottomland f.ore.st that was tre~ed 
with DDT in 19{+5-.. ~~S. 'sprayed .agC4n l?Y ?ir)?iatJe ~th arr qil soltitibh of DM' 
at the rate of l.J. . poipidi; per acre, '.r.~;i.p'~-t.~eh 'b~rd or;n~ue trips were made by 
Ghan<Uer S •. P,,'!!bbins, wha ce.ns\lsed :the~·~-~~- 31-a:cre study area in 1945. The 
period o~.Qbser.vati~n .e~ended.. fpo~: b~~P~~ uhi i1 well 'afteF the time of spray
ing. Noz:ie of the f eu changf,s il~· -~h.~');>~f.?)~opulation following the apylication 
was attributable to l)DT. · 

• . . 1~- ~ · ..,_, 1' . ··· ~ ..,.. • , 

~ . . . .. · . ~c.~aw~n.l~·-..Pr~nty, Pa1 

I • .: . , 

• •• I • ... .. 0 • • < O • •1• I' '.O ... I r O 4 

· Ere~ding bi.rd, cerns~,~~~' wiftg' ':f.iik~n ;t:ri. Jpne I946 J:iy Richard H. Pd'ugli of· the 
Natior.a l Audubon Soci~ty .on th~ :t.hree ·r,or.est.F.?d areas that were studied in 1945,. 
.The 1945; control.' ar4a;.Jva~: ,S.pra~;fd by"_ ~~~~n~; c:in April 18, 1946 with DDT in 
oil at .\;j;Le r <tt e .o f J;:i;i_o~un~ .o.f'"~ozj..carr~Jiei; ,).t-re_, The purpose was to determine 
the effects. o_r: .. ~~. ~;r..,!11o:t.~ f.nC! 

1
01' ~.V·<;I~. _of. 'an application of DDT ~ade b.efore 

trees came into leaf and bef or e the arrival of m6~t of the birds. · This area 
rr~s fol;lll~ ;w ha:n :: ~· ~;ir:d popul•!i;!on~.s~:q.nr, .. ,to that in 1945. The _ 1946 popula
tiC1n ,of: t,he . census .ar,ea .that r~seived.:1 .Pca~nq ct; DDT pe r ecre in '1945 also 
Wa? si.nrl;J.a.i; tq ~he.:.P9PU~ati?~s~:~efo[.'e:·B:n·a)?-'i'~~1 .the 19;5 spraying. The p~pula
il:.ion of tpe cens.'ll:s. :1~ea that re_£efy.~g. · 5. .P;9tiJJd·~ of DDT per acre in 1945 w~s 
about 85. per c~Ht. t·h~.- ~ . o~ t.he i94f1'~~7sijf?Y. ,popula t ion,(• Species composi~ion 
of tl1;i.s art=a ha.d ch9r!g"9d t o incl.:ycl~ :f gre~'f;r.1: ,prqport;ion of scarlet tanagers 
and qther ~irds cti<:tr~cterist:!c~ Qf m?re;·~atµre ·_;t'orest,. Singing scarlet tanagers, 
r eda1;a.rts, aIJd ·.Elpckbill:niun{;va1~1Jiets. 1yr,ej~ ?Jr"lst~y yoW1g males, w~ch il}dic~ted 
the proba-Qili;t:.y c:if ' h_eavy mor~ar~ t~ .!j,p.;~ t~~Ele· .spe(;:ies in 1945, .. 

six, 

• . ~ . •. ~ ' . ~ • · .. . i ' • . ~ . • • 
··. ! ·,· ..... ,i'tri;.f Js~~p.d;·:s •. c. 

' • ' • • ~·· • : • .1 •• 

.. · 

In l at e April, 1946 a solution of DDT.in oil was npplied by airplane to 
mostly f orested, study areas on Bulls Island, C~..rleston County, s. c, 

.~ 
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. . ' 

The ar:iount applied was 2 pounds Pf?~ a~re and .3 pounds per -acre. Five species 
of tick.s w9re the ob;ects o.f control .. . Three pounds -of DDT per .. acre reduced 
their numbers 

0

drasti~ally. Insect m . .unbers also wer~ much r educed.. On a 
single plot th~t was sp:-.;,iyed from the gr9URd with 1 pound of DDT per acre ticks 
were nearly eliminated. 

Over fi f ty .fiJ.t~r paper 
it •·1as sp1·ayr:d frllm the air. 
deposi t:i ;Jn (J.f a.14 pc:mC;l per 
po1mO.. . · : ... 

disks were di~tr-".£..buted thl;ough the ~crest before 
Spectropl)otometric angJ,yses indica ted an avera ge 

acre .of DDT, and a maximum deposition of 0.91 

. . ., 
Birds were censused by w • .P. Baldwin,, Phil Goodrum,. ~·nd J~hn W. Aldrich 

on o4 ::.cres of dense forest spra:,-·ed at the r ate of 3 po.1J.nd9 of DDT per acre , 
a.'\d on a 64-c ere control area. There was no change in bird populations 
at.tributable to DDT. ; .. . . ·,:1· .. · . 

. "': .. ... . ,_ . . 
General observ.:ltions were made on o,ther vertebrat~s.; ~.'·Amphibians w.e·re 

commonly killed but many were unaffe.cted. Reptiles and fishes were affected 
leS$ ~han ampM,bi~ns; mammals.apparently nnt at all. • 

.. . . 
A ~hree-acre tract of high salt morsh was ipcluded ·wi~hin a plot that 

received 2 pounds of DDT per acre. This treatm.ent kiJ.:led nearly all of 4 
:species ~ fiddler crabs, 'but scarcely affef'ted two speoies of. snails and· 
one of mussel. 

cai:np • . st~ra.rt, Ga. 

Population~ on two pine f orest .arFas at Camp St ewart, Liberty County, Ga., 
were· determined by John w. JUdrich and Tho11k s n. Burle1.:gh betwoen April 2 and 
May G, 1946. An area of 57 f.!cres wa:s sprayed by airplane 1·rith an oil solutio:a 
of . DDT f our tir.~es at weekly intervals, each, time at the . r ate· of l pound rif 
DDT per acre• . The applications were 1!l~de to det ennine general effects 'Pn. 

· insects and wildlife • - .f.r1 area. of 4B acres. serve~ as. a control. 1 · 

• . Over fifty filter paper disks were dis~ribute4 th~0ugh the first ar ea 
before i t .was spr:iyed on each of two da'\;es •• The amount of DDT deposited was 
analyzed, , spectrophotometrically; it was .f ound to aver age 0.201. pound per acr e, 
vdth a ma:ximum depositio~ . of 0.58 pound. . . . 

Insect numbers were conspicuously r educe d following eacha:pplicntion, 
but .were b"'G1'; p.g~in witlµn a week. Birds.,did not appear tQ be affect ed. . . . . 

j I ;; 

Franklin County, N. Y. 

Bet·Neen June 3 and'.Augns t 6, 1946 John I., George and Robert T•· Mi ·tchell 
studi ed t he .effects of feeding DDT-treated insects to nestling birds near 
Leke Clear Junction, N1 Y •. In, this :vicinity DDT was applied by airplane, 
blnwer, and hand sprayer in an oil solution at the r ate ~f l pound per acre 
for the eXJ?erilnental qontrol of ?pruce budw9r:r.. 
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•. ! . . . 'I\.venty=..:f our nests were studied, ·th~ nes-Cl:ings being f ed' at =the age of 3 
o'r ·4 da~·~ on spf\.!~~ . budwona larvae ki1led· by .the application of · DDT:.tO the 

. .fo1·est. "i· by cornborer larvae and pupae killeq in the ·l aborat ·ory; by a· DDT spray. 
Control ne·stlings :were fed uncontaminat ed larvae: : . · .. . 

Nestlings in 10 nests ?(er e given a pqrtion of thei~ f ood in the f orm of 
DPT-treated larvae. "The riestlings, were weighed d:>.ily~ . ·One nestling in each 
nPst .was f ed lincontaminated larvae. ·:trr '8 nest'B the nes-Clings were f ed. apprC'lX
imat ely 25 per cent of their body. wei~t each day,: '-Che ' pmnt'Srprov.ldin.g · 
additionul food. In 2 nests they were f ed approximat ely 50 per cen;...'of their 

.. b9dy wei ght euch day. In each . ~f ~hese 2 nests a single nestling ~~s l eft 
,t .o be f ed aol ely by its pnrcnts.-· · No sign· ~~ 'DDT poisoning appeared: 'in any 

~ cf these nestlings. · · ' · · · . . .. ... 

A l abor&tory studywns m~de of 14 nests L~cated outside the DDT sprayed 
mrlms.. One nestling. in. each was left to be f ed by its par entf; and was undis
turbed except for~ daily weighings. A second nestling from each"nest was f ed 
uncohtaminated f eed at the l aboratory. The other nestlii'lgs were f ed DDT 
killed or sprP-yed insebts for three days in the l aboratoiy': as much as· they 
could each for the f i rst t}Vo dnys, 25 per cent of their wei ght on the third. 
Surviving nes.tlings were returned t.o their nests ...nd wer e l eft uiial.sturbed 
Eixcept for daily wei ghings. Of 27 subje'cts studied i n the l aboratory DDT was 
tlie direct cause of the death ~of 7 and apparently cC1ntributed to "he death of 

' ' 8 others. 

· Back Creek; w. Va. 

t · · A .study: ~~s· made by Clarence . H. · Hoffm.ann .and Eugene w. Surber· ih late 
July 1946 sf ~he effect art fish and aquatic irisects of an aerial· application 

: ~r' .wet.~abie DDT a_t the r a t e of 1 pound per .acre. The DDT v;t;s ~pp~ied to a 
·o.9-mil~ section of Back Creek, a smellmouth' bass stream in Berkeley County. 
DDT analyzed spectrophot9me~rically frcm approximately 50 saptp1es, indicated 
cm averaw depnsition af' o.39 pound of DDT .per· acre. · · 

.Of the 01.:my 'minnows in tha 'stream only ;a few w~re ar:te'dtieid~ · A tetal or 
61 ri_a ti ve fish we"r~ -~o~d dend.. . ~a.~t~ca:J?.y all were :f~s·~ · "hatched durtng the 
year. The heaViest losses of native fish·occurred on the third and fourth 
days after sprayine , ~ut rfo .. d fisrr'were found · u.11til the s~venth day, 'fhis 
seemed .to be due to the .del~ yed toxic ef'fect of wettable DDT. 

I I ~ ' ' p P "O' ~ I I ! ', • • I t 

Li ve box~s, stocked ;vith warm wate!'T fishes, were place"d above, within and 
below the sprayed area, Ten. per cent ~f ~hese fishes were lost from all causes. . . . 

. Samples .of insects from th~ bottoms of !'iffles shm:ed a survival 9f about 
JO per ·c~nt d~ the in~ects drj,gin.9;1ly prss·ent at the lower stations. 

On July 16, 1946 2500 ·acres · ·of this post in Harford County, !.id., wer e 
sprayed by a irplane with an oil solution of DDT at the rate of 0.2 poW1d of 
DD'l' per acre, On August 14 the area wa? sprayed again; this time at the r ate 
of 0.26 pound per acre ~ Mosquito control was the object~ 

4 



.. 
. ' .. 

p ...... - . ,, ' "..J ~ ·. • ' • ... • 
"··observ~tionS" on fishes and wildlife 0.n a portion. of the sp rayed, .. area were 

:m~de'by ~gene w. Surb~r, \iillia~ H. Stickel, and. Da.Vid. Young. An abundant 
fl.'"sh P?Pillv.tion in a.. ~rsh-bound, vegeta~ion-~illed, bay.was modera tely affected 

· follo~iing the first apP.lication, slig}1tly f.qllowing the second. • No dead fish 
. could be· found on A}igu~t 19, five days afte,r th~ se9ond .application. No other 

. : ·affe~ted vertebrat~(were f ound at any time. . . · 
I • 

Milford, Conn. and Ches~peak~ Bay, Md. 
~ ·' 

During 1946 inv~stigation~ were made at ,Mflf~;d, Conn., by Victor L. 
~ 

Loosanoff o.nd in Chesapeake Bay by James B. Engle on the cff ect of treating 
with DDT oyster shells used for catching spat. DDT applied in e.n oil solution 

. ~ nd in an emulsion in concantrations ve.rying frqm :l.to.5 pounds of DDT per 
acre did not inhib~t oyst~r setting. It was eff~~ti~e against barnacles, but 
much less so agti~st other ' f ouling organisms.. . . , 

' 
LABORATORY STUDIES 

.. . ;., ... 
~ · - • t ' ' I " 

Cottontail rabbit 
. . 

At the Patuxent Researcn R~fuge, Md., Don R. Coburn . .i?nd E. F4iger 
subject~d each ct ttvo lots of ~ive adult cottontai~ to appli~ations of DDT 
in an oil spraY,, on a ·p~stu,reland type of hab~tat, at ra~~ nf 5 and 7-;1/2 
pounds per acre, respectiv~ly~ All of the a~ls ~~4 after having lost an 
ave r a ge of 9.1 ounces in weight; Typical cliniccil SyP',;I?to~s r;>f DDT poisoning 
were'. obs~rvad, nnd all loss i::s· occurred •Yi:thin. a perio.d of. 9 days. No control 
animr.ils died; their loss in -.:~ight averaged 0.8 ounce~ · 

Bobwhite qu~il . . 

Bolmhite qu~il vrer~. )i;:ied by Don R. Cqburn and E. ~ger in' two experiplents 
:1t the Patuxent Research Refuge, Md. The purpose of, .t hr.· first was tc 9-et er
mine th~ effect on r eproduction of the feeding of sub-le~hnl doses of DDT to 
insectivorous. birds. E;Levan pdrs .tt~.<;:h on t:wo leve.+.s .of medication md ten 
p~irs ·without metµcdion, ns. contr'o1s'.; w~re.' c·arr;i..ed.: through. one breeding sea
son. Percentages of DDT fed' ~n. the· mash diets wcra . o. OlJ. and o. 008. Tht1s e 
rop:-csented; '·r espcbtiVGl y, 1/2 afH;i 1/4. Q.f the rullOUnt .found l eth?-1· ip 1945 for 
50 per ceht 9f the 5-1/eeks-old birds fed for a period of .63 dc:.y~. Daily food 
consumption· i n the pres.an~ experirlient aver.· ged i5 'gr.?llls ... per bird. Records 
•tere •kePt oi" cnb.nges" i!i weight, egg proauctfon, · tertili ~y~ h~~chabil':i. ty, and 
livability of chicks. The only significant v~riation from the control group 
of bi~ds, ~t f7i~her .. ~.eyel of .. medication, was; in ~ shoi:-t eaj.ng of .the l rying 
period by 28 days ih the case. oi:··thG bird's . on the· lrig~r l evel. Histophatho
logic.al studi'es showed:·4~·g9ne:z::'.!tive: .. chtriges'. in . the .iiv~·r . and kidneys. These 
i'mre less mr.rked at tr.c· l~~e:r leyel"o! medic.:>.tion.~ .:. i_:t~presentative breeding 
pairs of the briginal bird~ and o! birds· raised.from themw~ll be used during 
the 194~ breeding seaso~'to determine any residua~ or transmitted effects. . . . ' . '· . . 

The purpose of th:; ~econd. exper~ent vra~ t9 determine the effect on grt'lW
ing birds of externa l contact with DD~ a19ne1 and of ext~rnal contact combined 
with the feeding of 0.01. 'per cent o~r'DtiT ~n 'the ~diet. Ten 12-weeks-old quail 
were used in each of s everal. pens placed directly nn the ground without the 
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benefit of false bottoms. Some of the pens with their birds, were sprayed with 
·DDT in oil. at the rates of 1 and 5 pounds per·· e.cr~. The other pens were sprayed 
in the same manner except that the birds were kept in t~eir hovers out of 
contact with the spray. During the 69-d~y test period four applications of DDT 
were. made. The pens were moved once; the entire DDT-covered vegetation was 
eaten in each location. No clinical evidence of DDT poisoning was apparent. 
Tissue preparations, which may show degener~tive chnnge in this experiment are 
not completed and must ewait evaluation. Representative pairs of birds were 
selected fr~ each group for the determination of .possible effects on their 

• reproductive function during the next breeding season. 

Fishes 

At the Leetown, W. Va., Fishery Station several experiments were carried 
on in aquaria and in ponds by Eugene W. Surber of the Fish and Wildlife Service 
and c. H. Hoffman of tho Bureau of Entomology and Plant Quarantine, with the 
assistance of Edward P • • Merkel and Dorothy D. Friddle. 

In one aquarium study DDT was applied both as an oil spray and in sus
pension at the rates of 0,25 and 0.5 pound per acre. The mortality of blue
gills was 100 per cent at both concentrations. Other species were l ess sus
ceptible . In another experiment brook, brown, and rainbow trout were placed 
in a series of aquaria that contained some mud, and in another series without 
mud. DDT was applied in a suspension at the rate of 0.25 pound per acre. In 
the aquaria with .mud, mortality varied from zero in brook trout to 39 per cent 
in rainbow trout; while in those without mud it ranged from 84 to 100 per cent. 
Of the three sp~cies rainbow trout were affected most. ' 

On August 12, 1 pnund per acre of DDT was applied in a suspansion to four 
connected race-Nays supplied with hard spring water. They were stocked with 
brook trout, raipbow trout, smallmouth bass, and golden shiners, between 3 and 
4 inches in l ength. Trout appeared not to be particularly sensitive t o DDT 
under these conditions. 

In October six concrete daphnia ponds wer e stocked 1vith f.ingerlings of 
several speciel?• '.l".vo of these were used as controls and four were sprayed 
with DDT in a suspension at the rate of 1 pound per acre. Regular hatchery 
trout diet was fed and no running water was permitted. Nearly all of the 
bl~ck crappi~s, sm~llmouth bass, and bluegill sunfish were seriously affected~ 
while golden shiners, r ainbow trout, and largemouth bass were ~ffected 
relatively little. · 

In November the same six daphriia ponds were restocked with 2-inch bluegill 
sunfish and 3-J/4 inch rainbow trout. Agn:in two ponds uere used a.s controls 
and four were sprayed with DDT in a suspension at the rate of 1 pound per acre. 
Five per cent of the trout were lost in three fed ponds, one of. which was not 
sprayed; while 45 per cent died in the unfed ponds. Sunfish losses, 11ere 
12 per cent in the f ed ponds, 25 per · cent in the unfed ponds, 

Nine dirt-bottomed ponds war e· stocked \'Ii.th advanced fry of l argemouth 
and sma:tlmouth bass iri June, There was ample natural food. Three ponds were 
sprayed with a suspension at the rutc of 0.37, 0.50, and l~O pound of DDT per 
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acre. A 0.5 P.~und per acr6 oil spray was applied to three ponds. Three ponds 
were witreated and 'served as controls.· After a lapse of 12 days the ponds 
were drained. In the control ponds 88 per cent <Of tho bnss were recovered. 
'lbere was no survival in the ponds treated with DDT in suspension, nor in two 
of those_ treated with an oil spray.. In the third pond spr~yed with DDT in 
oil 1;her'3 was a. 12 per cent survival of.' each species~ 

,. .. 
A similar. experiJnent in July de~lt with 100 "fingerlings each of bl~ck 

crappie, bluegill and blown bull:he~d in nine pondS'jthree of·which were sprayed 
with DDT in suspension at the rate of 0.5 pound per a~re and three ~~th DDT in 
oil at the rntas of O.J7, 0.50, ~nd 1.0 pound per acre. Mortality in the ponds 
treated with the oil solution of DDT was 61 per ·cent or more; in those treated 
with a suspension it_ ranged from 8 per cent to 78 per cent. 

In August nine dirt-bottomed ponds were ~gain stocked with a variety of 
fishes. Three i'Jere tree.tad with an oil solution .:md three with a suspi..:nsion, 
e~ch cont~ining DDT at the rate of 1 pound per acre. Both fonns were about , 
equally destructive. 

SUMHARY 

In 1946, investigc.:.tion:s of DDT damage to fish and wildlife were continued 
in two areas whe.:r;-e observations 111ere made in 1945 and were extended to new 
localities in six dif'ferent states. Fair to successful contrnl of ticks, in-
sects, and barnacles was eff~cted. . . . . .. ~ 

DDT was applied in"most inst.;:.nces by airplane, as an ·oil spray, at rntes 
under 1.1 pound per acre. The IIWximum rate in the field was 5 pounds per acre. 
A single upplic~tion was thE rule in all but two areas. In one of these there 
were fnur nt weekly intervals, in the other there were two with a four-weeks' 
interval. Speg:trophotometric an.:.lyses in two areas indi·c<lted that only a small 
fraction of th~ DDT distributed was deposited on the ground. 

Mortality to adult mam.~uls and birds was not apparent where.DDT was applied 
"in concentrations up to 3 pounds per acre, but a mortality of at least 25 per 
cent occurred in ~ group of nestlings fed in a laboratory with insects killed 
with. a l~p6un!i=-per-acre cJ)ncentration of DDT applied i:.s a spray. Amphibians · 
were a~fect~d by· an appli~ation at the F~te of 3 pounds per acre. Nearly all 
of a fiddler crab population was killed by 2 pounds of DDT per acre. 0.Jsters 
were practically uninjured, whil~ barnacle· growth w~s inhibited by concentra
tions up to' 5 pounds per acre • 

. In the l~boratory e.11 of c group of adult cottontail rabbits died in a 
habitat sprayed with DDT in oil at the rate of 5 pounds per acre, Sublethal 
doses of DDT adminiotered with food resulted in a shortening of the laying 
period in bobwhite quail; but young bobwhite quail in a. habit=it sprayed with 
DDT in oil at the rate ~f ~ pounds per acre and ~t -the same ti e fed sublethal 
doses of DDT showed no clinical evidence of DDT poisoning. 

In laboratory and hatchery pond experiments, varying susceptibility of 
different species of fishes to DDT poisoning was indicated; although under 
simil~r conditions smallmouth bass were one time less, ~nether time more, 
affected than were lurgamouth bass. 

' . . , 
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DDT in suspen:"ion· killed a.bout as many f:i:~n as d1d DDT in 9il', at the 
same c cnccnt1:atinn. 

·· · For s ortt! speci.eS, , µnder soznc conditions, mortality Was high at concen
tr .:.i.tions of DDT «1s low 'M 0. 25 pofmP. per acr e . Mortalit~" was less in e.qllilria 
"or.taming some 'mud tha n·' i n those without; upparo::;ntly due to inactivation of 
DDT by the mu.d. ~t wt..s less in ponds whe+e the fish l'1erc fed than in those 
where thQy were . l)nt fc<i: therefO're, the ·physical condition of the fish appea.rec 

1 to be ~ factor 'in th~ir survival. · 
~I 9 • I 

Young· fi~~:yr~re ~or~ ~usc~ptible to'DP~_ pbisoning than were adults. 

!tEcooiENDATrmrs· FbR Mmii.uzING · niim::R TO WILDLIFE 

The recoiruFendntions made in Circular ll 'still hold. They are as follows: 

Use DDT f or'the .controi of r!11 insect pest ordy after ' weighing the value 
of such control v.g~inst. the h<.rm th::t will be dohc to' beneficial .i'onns of life. 
~~erever more thnn c small ar~a is involved, consult county agricultural agentsJ 
Bt at e or Feder :i.l entomologists, wildlife and fishe:r-.r biologists, and United 
St~tes Public Health Service officials • 

Use one-fifth pound or less ~f DDT pdr acre in an oil solution to avoid 
dama ge to fis hes, crabs , or crayfishes; use less than 2 po'unds per acre to 
avoid damage t o birds , runphibians,·cnd. mammals in fnrest areas~ Because of 
its greater _effecti-yeoess , use small er quantities of DDT i;i emulsions. 

Use DDT only wher e i t is ne~ded. Wher~ver it is appl:i.e t1 by uirplane , 
provi~e. c :::.r eful pll::n.~-t¢-ground control t o lnsure even covera.ge and t o prevent 
loca+ overdos.age . · ' · . · 

In f orest-pest contr ol, ,:.fr1er ever f~asible, l ee.vc strips untreat ed at the 
first a.pplic.:!tion to s ;:rv~ as undi strubed sanctuarif's for wildlife , treating 
these strip's a t a later time er in succeeding seasons if necessm7. 

In the cont r ol . of early appearing insect pests;' apply DDT, if 'possible , 
just• ~efore the . emergence of leavP.s and the rn~.in sp:::-ing migration of birds.; 
for ' l a t e appearing·pests, del ay applications , whenever practiqDble, past the 
nesting pr;.rio~ of birds , Adjust t~rop applic<ltions aiJ:l.. mosquitn-control ;ppli
cations so far as possi bl e to avoid th~ nesting period. · · · . 

. B~cause ~f t hG sensiti vity nf fi~hes and cr abs to DDT, avoid a s far RS 
pos;~bl~ direct . application~ to strenms, l~kes, a nd coastal bays. 

• . I • 
Wher evt:·r DDT i s us2d, make c~reful bef ore c?.nd arter obs,t:?rv:i:t,ions of 

rr.ommn.ls; birds , fishes, and other "wildlife . . : 

.. 


