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Explanato. y Note
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INTROD“CTION .

World War II brought IDT into use as an 1mportant 1nsect1c;de. From the
control of pests of man and domestic animals its usefulness so'n, expandad to
include control of harmful field crop, orchard, truck, and forest insects.
Investigations of possible dangers and of increased usefulness paralleled each
other fron the first.

As soon as DDT was taken outdoors the dangers were instantly multiplied.
In 1945 the Fish and Wildlife Service and the Bureau. of Entomology and FPlant
Quarantine of the .United States Department of Agriculture carried on =x»tensive
cooperative investigations on the effects on fishes and wildlife of DT used
for killing mosquitoes and for controlling gypsy moth, spruce budworm ang.
other harmful forest insects. Both field and laboratory studies were made,
and the results were summarized early in 1946 in Fish and Wildlife Service
Circular 11, entitled "DDT: its effect on fish and wildlife." Six of these
studies were described in detail in the July 1946 number of The Journal of
Wildlife Managemente.

The 1945 Investigations on the use of DDT for insect control and on the

"~ effects of such use on fish and wildlife led to the conclusion that the lowest
desages needed to effectively control mosquitoes and ferest insects would

kill 1ittle wildlife. It was found that crustaceans, fishes, and amphibians
were more susceptible to DDT poisoning than were birds and mammals. The goal
of the year's work was the development of recommendations for the use of DDT
in such ways as to minimize danger to wildlife, These recommendations formed
the mest important part of the printed circular. .

In 1946 the program of research comprised routine follow-ups on 1945
studies and the extension of others in which conclusive data had not been ob—
' tained, Some new studies were also conducteds The Buresau of Entomoclogy and
Plant Quarantine coo¢perated in the planning of each of these investigations
and worked with the Fish and Wildlife Service on several, particularly those
on fishes, On other studies the Fish and Wildlife Service was assisted by
the National Audubon Society, the New York State Conservation Department, the
United States Army, and the United States Public Health Service.

As in 1945, most of the DDT used in field studies was sprayed by airplane
at-rates varying frem.1/5 to 5 pounds per acre. The rates were under 1.1
p!und per acre in the majority of the areas; and the majority of the' applica-

" tions were in oile .In one area four applicaticns of DDT were made at weekly

-intervals; in another two applicatlons with a four-weeks' intervzl, All of
the othér ‘areas received a single application. Weather conditions amd forest
canopies gf different density caused considerable variation in the amwount of
DDT that reached the ground. - Spectrophotometric an:lyses were made fxrem
depnsits on mver fifty filter paper samples in each of two areas, The amounts
averaged one-fifth the rate of, application in one area and one-seventh in the
other. At no station did the amount dep051ted en the ground ap roach the
amount sprayed above the canopy.
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Investigetions on two are.s, Patuxent Research Refuge, Maryland, and Lack-
-awamna County, Pennsylvaria, were contlnuatlenq of work on birds begun in

19454 The other areas were new; ‘and the principal work was on birds, fishes,
and oysters. . Laboratory'studles were made at the Fish and Wildlife Service's
Patuxent Research - Refuge, Laifrel , Aargiand (post office formerly Bowie, Md.)

to determine the effects of sub-lethal @osés of IDT on quail reproduktlon, as
well as cther effects on quail and cottontail rebbits:-and at its Fishery
Station at Leeloun,e Wegt fllglnla on the toxic;tv of DBT te fishes.

Resultq ‘af the 1946 1nvcst1gat*ons conflrm the conclusions of the pre-
ceding year with regard to the su*cept#billtv nf birds and fishes to DDT poi-
soning under field condltlons. It is appafént that much still remains to be
done before. the long~ﬁime effect . of DDT Qn WlldlifP can be evaluated.

A summazy qf the ind1v1dual studies fhllcws- s
" PIELD $TUDIES ‘of Binbs, FISHES ifh OYSTERS
it .Patuxent Research Refuge, ifd,

On June 8, 1946 tne ﬁl”—a;re t*act of bottomland forest that was treated
with DDT in 1945 was spraved again pv aiqplane with am oil solutibh of DO
at the rate of l.d pounds pEr acre, ﬂlneteen‘hlrd cenSuS'trip51:ere made by
Chandler S..Rebbins, wha censgsad the;Sde 3l-acre study area in 1945, The
period of obsgrvation extended.from be@pre until well after the time of spray-
ing. lione of the few changts in thP bifd populatlon following the application
was attributable to ODT.

i ﬁéékawahﬁé’bounty, Pa,

Breeding blrd censuseg we e taken in June 1948 by Richard H. Pough of the
Hetioral Audubon uoclety on tha*three forestpd areas that were studied in 1945,
The 1945, control are@'was spraved by aiqplane on April 18, 1946 with DDT in
0il at tpe rute of 1. .pound of’ toxicant _Per Adcre, The purpose was to determine
the effects on. the gyphv moth anc ‘on blrds of 'an gppllcatlon of DDT made before
trees came into leaf and before the arrival of most of the birds.’ This area
was found to have a bird poHulation 31m*1ar Yo that in 1945. The 1946 popule—
tion of the census ared that recéiﬁéd 1 podn of DDT per ecre in 1945 also
was 51milar to the: p0pulat;ons befq;e aqd "*ter the 1985 spraying. The popula—
tion of the census. area that recexved 5 pounds of DDT per acre in 1945 w®s
asoout B per cent. th t 0f the 1945 pre—sgray pcpulation, ” Species composition
of this area had changnd to include X! g“EatEI proportion of scarlet tanagers
and gther birds chdracterlstic pf mnre;mature forest, Singing scarlet tanagers,
redsfarts, and Blpckburnlhn Narblers wege mnbtly ycung males, which indlrated
the probaqillty of htavv mortality 1n these snecies 1945,

i gulLs Iolgpd, S. C

In late April, 1946 a solution of DDT'in oil was applied by airpiane to
six, mostly forested, study areas on Bulls Island, Charleston County, S, C.
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The amount applied was 2 pounds per acre and 3 pounds per-acre. Five species
of ticks were the objects of control.. Threc pounds-of DDT per-acre reduced
their numbers drastically. Insect numbers also were much reduced. On a

single plot thut was spiuyed from the ground with 1 pound of DDT per acre ticks
were nearly eliminated.

Over fl fty fiiter paper disks were d1=tributed thxough the forest before
it was spraypd from the air. Spectrophotametric anglyses indicated an average
deposition ¢f 0.14 pcund per acre .of DDT, and a maximum dep051t10n of 0.91

pounidy.

Birds were censused by W, .Ps Baldwin, Fhil Goodrum, and John W. Aldrich
on 84 acres of dense forest sprayed at the rate of 3 pounds of DDT per acre,
asd on a B4-zcre control azrea. There was no change in bird populations
attributable to DDT. SRR

CGeneral observations were made on other vertebrates.:-“Amphibians were
commonly killed but many were unaifected. Reptiles and fishes were affected
less than amphibizns; mammals ap parently not at all. : : .

& three-acre tract of high salt marsh was included -within a plot that
received 2 pounds of DDT per acre, This treatment killed nearly all of 4
species af fiddler crabs, but scarcely affeeted twe speocies of snalls and
one of mussel, i -

Camp, Stewart, Ga.

Populations on two pine forest argas at Camp Stewart, Liberty County, Ga.,
were: determined by John W. Aldrich and Thomes D. Burleigh betwoen April 2 and
May 6, 1946. An area of 57 acres was sprayed by airplene with an oil solution
of .DDT four times at weekly intervals, each,time at the rate' of 1 pound of
DDT per acre, .The applications were made to determine general effects mn
insects and wildlife;, An area of 4B acres served as-za control. =0 e

. Qver fifty filter paper disks were distributed threugh the first area
before it was sprzyed on each of two dates., The amount of DDT deposited was
analyzed, spectrophotometricaily; it was. found to average O.,20L pound per acrey
with a maximum dep051t101 of 0,58 pnund.‘ ! :

Insect nunbers were conspicuouslx reduccd foilowing eackt&pplic&tion,
but were back aghin wlthln a2 week. Birds.did not appear to be affected.

[ -

Franklin County, Ne T»

Between June 3 and August 6, 1946 John L, George and Robert. T. Mitchell
studied the effects of feeding DDT-treated insects to nestling birds near
Lzke Clear Junction, N, ., In this vicinity DDT was applied by zirplane,
blower, and hand sprayer in an ‘0il solution at the rate of 1 pound per acre
for thg exgernnental control of spruce budworm. .
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v Twenty-four nests were studied, the nestlings being fed at the age of 3

or 4 day 'S on Spruce budworm larvae k111ed by the application of DD to the
forest ol by cornborer larvae and pupae killed ih the 1aboratory by a DDT spray.
Control nestiings were fed uncontaminated larvae.

Nestlings in 10 nests were given a portion of their food in the form ef
DpT-treated larvae. The nestiings were weighed daily. One nestling in each
nest was fed uncontaminated larvae. In 8 nests the nestlings were fed. approx-
imatcly 25 per cent of itheir body* weight each ddy, thé parentsrproviding.
additionzl food. In 2 nests they were fed approximately 50 per centwof their
body weight euch day. In each ~f these 2 nests z single nestling was left
to be fed solely by its parents. No sign’ »f* DDT poisoning appeared 1n any
cf these nestlings. . Lo K

A laborctory study was made of 14 nests lacated outside the DDT sprayed
areaS. One nestling in each was left to be fed by its parents and was undis-
turbed except for’ daily weighings. A second nestling from each nest was fed
uncontaminated focd at the laboratory. The other nestlings were fed DDT
killed or sprayed insctts for three deys in the laboratery: as much as: they
could ezch for the first two days, 25 per cent of their weight on the third.
Surviv1ng nestlings were returned to their nests .nd were left undisturbed
€xcept for daily weighings. Of 27 subjects studied in the laboratory DDT was
tlie direct cause of the death of 7 and apparently contrlbuted to'the death of
8 others,

Back Creek, W. Va.

S studv wes made by Clarence H. Hoffmann and Eugene W. Surber in late

. July 1946 of the effect on fish and aguatic insects of an aerial application
jof WEttable DDT at the rate of 1 pound per acra. The DDT ves upplied to a

0.9-mile section of Back Creek, 2 smzllmouth bass stream in Berkeley County.

DDT analyzed spcctrophotometrlcally frem epproximately 50 samples, 1ndicated

am averag deposition ef 0,39 pound of DDT per acre. °

Of the mzny minnows in the stream only a few were affected, A tstal of
Bl native fish were found dead.” Practically all were fish hatched during the
year. The heaviest losses of native fish‘occurred on the third and fourth
days after spraying, kut de=d fislh were foind until the seventh dey, This
seem=d to be due to the del:yed toxic effect of wettable DDT.

Live boxes, stocKed with warm water fishes, were placed above, within and
below the sprayed area, Ten per cent of phese fishes were lost from all causes.

. Samples of insects from the bottoms of riffles showed a survival gf about
30 pgr chnt n£ the insects drlginallv present at the lower stations.

%7 ... " Edgewood Arsensl, Hds

Oon July 16, 1946 2500 ‘acres of this post in Harford County,‘id., were
sprayed by airplane with an oil solution of DDT at the rate of 0,2 pound of
DDT per acrzy On August 14 the area was sprayed again; this time at the rzate
of 0426 pound per acre, Mosquito control was the object,
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*fbservations on fishes and wildlife on a portion. of the sprayed.area were
made’ by Zugene W. Surbe¥, William H. Stickel, and David Young. An abundant
fi'sh popuiation in a marsh—bound vegetdtlon-fllled bay.was moderately affected
'fdllowxng the first hppllcatlon, slightly following the second. ,No dead fish
_could be found on August 19, five days after the second appllcat*cn. No other
-5nffected vertebrates .were found at any time.

Milfo d, Conn. and Cheshpe;ke.Bay, Md. oe
During 1946 1nvéstigations were made at Miiforﬂ, Conne., by Victor L.
Loosanoff and in Checsapeake Bay by James B. Engle on the effect of treating
with DOT oyster shelis used for catching spat. DDT applied in an oil solution
2nd in an emulsion in concentrations verying from-l to 5 pounds of DDT per
acre did not inhibit oyster setting. It was effectlve zgainst barnacles, but
much less so ageinst other fouling organisms.. G

LABORATORY STUDIES

;e ,_;:.!. L

- Cottontail rabbit | P
At the Patuxent Research Refuge, Md., Don R. Coburnqand E. Adlger'

subjected each of two lots of five ddult cottontails to applications of DDT
in an oil spray, on a p.stureland type of habitat, at rateg of 5 and 7-1/2
pounds per acre, respectlvely, A1l of the animals died after having lost an
average of 9.1 ounces in weight.” Typical clinical symptoms of DDT poisoning
were observed, and all losses occurred within a period of 9 days. No control
animzls died; their loss in "elght averaged 0,8 ounce.

Bobwhite quail.

Bobwhite quail were.‘used by Don R. Coburn and E. Ediger in two experiments
at the Patuxent Research Refuge, Md. The purpose of the first was to deter-
mine the effect on reproduction of the feeding of sub-lethal doses of DDT to
insectivoraus birds. Eleven piirs gech on two levels of medication and ten
pairs without medlcgtlon, Gas contrdls, were carried. through one breeding sea-
SOnNe Pbrcuntages of DDT fed in the mash diets were. 0.013. and 0.008, These
represented, respettively, 1/2 and 1/4 of the amount found lethal in 1945 for
50 per cent of the 5-Weeks—old birds fed for a period of 63 deys. Daily food
consumpticn 11 the present expeériment aver: ged 15 grams. per bird. Records
vere kept of changes'in weight, egg production, fertlllty hztchability, and
livability of chicks. The only significant variation frcm the centrol group
of birds, at either, level of medlcatlon, was, in a shortening of the l=ying
period by 28 days in" thn case_of ‘the birds. on the- -higher level. Histophatho-
logical studies showed degener_tlve ph;ngcs in-the.liver and kidneys. These
were less marked at the lower lével of medicetion, .- Rnpresentatlve breeding
pairs of the originszl blrds and of birds raiscd.from them will be used during
the 1947 breedlng season to detennine eny rL81dua1 or transmitted effects.

The purpose of the second experiment was to determine the effect en grow-
ing birds of external contact with DDT alone and of externzl contact combined
with the feeding of 0.0l per cent of DDT in %he .diet. Ten 12-weeks-o0ld quail
were wsed in each of severdl pens placed directly on 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.aecre. The other pens were sprayed
in the same manner except that the birds were kept in their hovers out of
contact with the spray. During the 69-dzy 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 degenerctive change in this experiment are
not completed and must swait evzluation. Representative pairs of birds were
selected frem 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 werc carried
on in aquaria and in ponds by Eugene W. Surber of the Fish and Wildlife Service
and C. H. Hoffmen of the Bureau of Entomology and Plant Quarantine, with the
assistance of Edward P. .Merkel and Dorothy D. Friddle.

In one equarium study DDT was applied both as zn 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 less sus—
ceptible. In another experiment brook, brown, and rainbow trout were placed
in 2 series of aquaria that contained some mud, and in another series without
muds 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 bronk trout to 39 per cent
in rainbow trout; while in those without mud it ranged from 84 to 100 per cent.
Of the three species rainbow trout were affected most.

On August 12, 1 pound per acre of DDT was applied in a suspension to four
connected raceways supplied with hard spring water. They were stocked with
brook trout, rainbow trout, smallmouth bass, and golden shiners, between 3 and
4 inches in length. Trout appeared not to be particularly sensitive to DDT
under these conditions. :

In October six concrete daphnia ponds were stocked with fingerlings of
several species. Two 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 &l1 of the
black crappies, smallmouth bass, and bluegill sunfish were seriously affected,
while golden shiners, rainbow trout, and largemouth bass were affected
relstively little.

In November the same six daphnia ponds were restocked with 2-inch bluegill
sunfish and 3-3/4 inch rainbow trout, Again two ponds were used a2s contrcls
and four were spraycd 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, were
12 per cent in the fed ponds, 25 per cent in the unfed ponds.

Nine dirt-bottomed ponds were stocked with advanced fry of largemouth
and smallmouth bass in Juney There was ample natural food. Three ponds were
sprayed with a suspension at the rate of 0,37, 0.5Q, and 1.0 pound of DDT per
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acre, A 0.5 pmund per acre oil spray was applied to three ponds. Three ponds
were untreated and 'served as controls.. After a lapse of 12 days the ponds
were drained. In the control ponds B8 per cent of thoe bass were recovered.
There was no survival in tne ponds treated with DDT in suspension, nor in two
of those treated with an oil spray. In the third pond sproyed w1th DDT in
0il there was & 12 per cent survival of* each specmes.

A similar experiment in July dezlt with 100 fingerlings each of black
crappie, bluegill 2nd brown bullhead in nine ponds)  three of which were sprayed
with DDT in suspension at the rate of 0.5 pound per acre and three with DDT in
oil at the rates of 0.37, 0.50, and 1.0 pound per acre. Mortality in the ponds
trezated with the oil solution of DDT was 61 per cent or more; in those treated
with a suspension it ranged from 8 per ccent to 78 per cent.

In August nine dirt-bottomed ponds were again stocked with a variety of
fishes, Three were treated with an oil solution and three with a susp.nsion,
cech containing DDT at the rate of 1 pound per acre. Both forms were about
equally destructive,

SIMUARY

In 1946, investigations of DDT damage to fish and wildlife were continued
in two areas where cbservations were made in 1945 and were extended to new
localities in six different states, Fair to successful contrel of ticks, in-
sects, and barnacles was effccted. :

DDT was applied in most instances by airplane, as an oil spray, at rates
under l.1 pound per zcre, The meximum rate in the field was 5 pounds per acre.
A single applicstion was the rule in all but two areas In one of these there
were four at weekly intervals, in the other there were two with a four-weeks!
interval. Spectrophotometrlc anilyses in two areas indicated that only a small
fraction of th& DDT distributed was deposited on the ground.

Mortality to adult memmals and birds was not apparent where . DDT was applied
“in concentrations up to 3 pounds per adre, but a mortality of at least 25 per
cent occurred in & group of nestlings fed in a laboratory with insects killed
with a l-péund-per-acre concentration of DDT applied as a sprays Amphibians
were affected by an application at the rate of 3 pounds per acre. Nearly all
of 2 fiddler crab population was killed by 2 pounds of DDT per acre. Oysters
were prdactically uninjured, while barnacle growth was inhibited by concentra—
tions up to 5 pounds per zcre. 3

I the lzboratory all of z group of adult cottontail rabbits died in a
habitat sprayed with DDT in oil at the rate of 5 pounds per acre. Gublethal
doses of DDT administered with food resulted in a shortening of the laying
period in bobwhite gquail; but young bobwhite quail in 2 habitat sprayed with
DDT in oil at the rate of 5 pounds per acre and 2t .the same ti e fed sublethal
doses of DDT showed no cliniczl evidence of DDT poisoning.

In laboratory and hatchery pond experiments, varying susceptibility of
different species of fishes to DDT poisoning was indicated; although under
similar conditions smsllmouth bass were one time less, znother time more,
affected than were largemouth bass.



.

DDT in suspension’ killed hbout as many flsh as did DDT in oil, at the
same gcncentration.

~ For some SpBClPS, under somé conditions, mortality was high at concen-
trations of DDT as low ‘&s 0.25 potind per acre, Mortality was less in aquaria
~ontaining some ‘mud than'in those without, apparently due to inactivation of
DDT by the mude It wes less in ponds where the fish werc fed than in those
where they were. nnt fed: therefore, the ‘physical condition of the fish appeare
,to be & factor in their survival.

Young fith'werc fore susctptible to' DDT pbisoning than were adults.
RECCM/ENDATIONS FOR MINIMIZING DANGIR TO WILDLIFE
The recom@endé%ions made in Circulaf 11° still holdtl.They are as follows:

Use DDT for'the control of an insect pest only fter weighing the value
of such control zgzinst the nerm thot will be dohe to beneficial forms of life.
Wherever more than 2 small area is involved, consult county agricultural agents,
State or Federzl entomologists, wildlife and fishery biologists, and United
States Public Hezlth Service officials. :

Use one~-fifth pound or less of DDT per acre in an oil solution to avoid
damage to fishes, crabs, or crayfishes; use less than 2 pounds per acre to
avoid damage to birds, amphibicans,‘snd mammals in forest areas. Because of
its greater effectiveness, use smuller quantities of DDT in emulsions.

Use DDT only where it is needed. Whertver it is applietl by airplane,
provide. ccreful pl.ne—tn—ground control to insure even coverage and to prevent
local overdoaage.

In forest—pest control, wherever feasible, ledve strips untreated at the
first epplicztion to scrve as undistrubed sanctuaries for wildlife, treating
these strips at a later tlm@ or 1n succeeding scasons if necessarye

In the control of early appearing insect peots, apnly DDT, if ‘possible,
just' before the _emergénce of leaves and the mein spring migration of birds;
for'late zppearing pests, delay applications, whenever practiceble, past the -
nesting paricd of birds, Adjust crop applications amd mosquitn~control eppli—
cations s¢ far as possible to awvoid thb nesting period. ' -

_Beecause of the sensitivity of fishes and crabs to DDT, avoid as far a8
possible direct applications to streams, lakes, and coastal bays.

“Wherever DDT is used, make careful before and after observations of
mammals, birds, fishes, and other wildlife.

.



