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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTCN, D. C.

ATTRACTANTS FOR THE FLYING GIPSY
MOTHS AS AN AID IN LOCATING
NEW INFESTATIONS

By C. W. Cotuxs, Secuior Entomologial, und 8. ¥, Porrs, Asgistant Enlomol-
oyist, Livision of Forest tasects, Bureaw of Batomoingy
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INTRODUCTION

Bxperiments with attractants for the male of the gipsy moth,
Porthetria dispar L., were begun with the hope of reducing infesta-

on tions by attracting the males in a given area to traps containing
& caged females, thus lcaving the females in the area unfertilized.
— Though this idea scemed plausible, the plan was not suceessiuld,
@ and the work was directed toward the following objectives: (1) Te
= 1 locate new infestations as an aid to sconting and eradication worlk,
= (2) to study the flight and habits of the male moths, {3} to substitule
g extracts of female * tips " * for living females in the traps, thus elimi-

tThe wrlters nre Indebted to A, 1. Rurgess for gencral direction and sugpestions
white he was cooneeted with the Durean of Entomology, and for conilnued CONpera-
Hon sinee his conneetion with the Burenu of Plant Quarnnting; and to I, I. Rlnisgdeil,
8. 8. Crossmaa, and 7L A, Ames, of the Buresn of Pinant Quarantine, for Lheir henrty
cooparation amd nssistance. T H, Worthloy and H, L. Melntyre, formerly of the Burcan
¥ .. of Iintomolocy, asslsted In the exeention of some of the inrge ficld experimonts,  Soveral
warkers nt the gipay-moth inboentory, Meisase Hirhinads, Mass, gave vaiusble assistanee,
espreinlly €. B, Hood, J. B R, Folweok, . Waoldridge, P'. R, Dowdrn, D. F, Iiavnes,
.. Wallls, 0. Tt Whitien, and . W. Grabham (formeriy of the Turenu of Lntomology).
I P\ Kobler, professor of orgnnte chomistry af Farvned Unbvorsity, rendered valpphic
cooperatlon In connection with the ehewtenl studios, s 210 alse lhree olher chemisis
mentionedl in connection with Lholr reports,
=;;’I;jip " refers to the posterior end of the abdomen cotnprizlng the inst segments and
genltalia,
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nating the danger of starting new infestations in a possibly free
area, (4} to locate the organ or glands which produce the attracting
substance, {5) to determine the possibility of isolating, studying,
and producing the attractive substance in quantity synthetically and
cheaply, and (6) to determine the value of this information for
work on other insect species,

Though cons'derable has been written on the sense of smell in
mammals, this subject has been much less thoroughly investigated
than have the senses of sight, hearing, and touch. Taste. which is
associated with smell, has likewise received relatively little attention.
The sense of smell is continually employed throughout most of the
animal kingdom, in connection with obtaining food, protection, recog-
nition, communication, and mating. Studies of the sense of smeil
in insccts have, for the most part, been centered on recognition, as
among the bees and ants, or in connection with taste as related to
obtaining foed. It has been known for cenburies that male moths
may be sthioded from a distance by females of the same species,
but this fact has been mainly taken for granted and has been wiven
very little detailed study.

The female gipsy moth does not fly, but the male is a strong flier
andd is able to locate the female by means of scent. The scent is
eiven off from the vicinity of the vaginal opening of the female and
is picked up by the male throngh its antennae. The male procecds
to find the female by means of zigzag flight, usnally against the
wind carrying the scent.  According to Forbush and Fernald ® the
male antennae a:a very strongly bipectinated, the pectinations being
somewhat curved, and tapering slightly toward the onter end, whers
they terminate in a tooth on one side, and a much longer spine on
the other. TIn the female the pectinations are very much shorter
and stouter,

To ascertain whether any advantage conld be taken of these habits
by attracting the meles to traps containing unfertilized females;
A, H. Kirkland began some experiments in eastern Massachusetts in
1893, which were continued by H. N. Reid, to determine whether
it werc possible to trap enourh males in a heavy infestation to reduce
the fertilization of eges enough so that a mavked reduetion in the
number of moths and the degree of infestation could be expected the
following season. These experiments were carefully planned and
exocuted. but as o final resuit only 2.4 per cent of the ey clusters
deposited i the aren where the traps were exposed proved to be
infertile. Since some infertile eggs are generally fonnd in gipsy-
moth infestations, this pereentage has little sigmifieance.

Tip to 1913 the area infested by the gipsy moth had continued to
increase, and isolated colonies were sometimes found in unexpected
places well bevond the supposed border of infestation.  Such col-
onies were difficnlt and expensive to loeite by scouting without clues
as to their loeation or existence. A, F. Burgess, at that time in
chavge of the ripsv-moth investigations for the Bureau of Entomol-

Utk an BLOITL s FeErNain, OO 3L, THE aYESY MOTIL PuIrTHETRLL BiSPAR TINNG A
AR OF THE WURK O BESTROYING THE INSECP IN TOE COMMONWEALTID OF MasSa-
[R111 TR OTOORTHEI WITH AN ACOGUNT OF PN INSTORY ANE UHADPFS DOTH EN  MASSA-
CHTRITES AND Iy BURePME, P 250-5100 Doston. 1840,

Fimoriasl, 15, T, and Feconid, €. 71 On it m 305-3063.
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6gy, decided that some experiments should he conducted to tacilitate
finding these colonies, and the senior writer took up the investiga-
tions at that time.

TYFES OF CAGES AND MARKING AND LIBERATION OF MALES

The first cage used in 1912 was made from a wooden hox 15 by 4 by
4 inches. The top and bottom were replaced with a double wall of
20-mesh wire screening with one-half inch space between walls to
prevent mating by the inclosed females with males thut might be
altracted to the cages.
Later, when a large num-
ber of these cages were
required for use 1n border
territory infested by the
gipsy moth, it was neces-
sary to reduce the size,
and accordingly a cace 5
by 314 inches made of
1h-inch wood stock, with
i clearanee spuce Debween
top and bottom of 134
nches, was found advan-
tageous. A covered eircu-
lar hole 1% inches in di-
ameter in the top served
for the introduction of
femnle pupne, or moths.
A siooden strip of 14-inch
stock served to hold thae
top and bottom together
and to attach the eage to
1 tree. Double wally one-
halt inch apart made of
fly wire screen composed
the four sides. This in-
sured ,‘,_':(}()L] circulation of  Freens 1-—Tyxpe of enge used o carly experiments
air to cutry the seent and und as elteek cages o hold Hving feinules of the

gipsy moth. The illustration shows the trap
YGL’ prc\’cnt(‘.d mnting With unmber avd the neles caught in the sticky mate-

outside males. (Fig. 1.) vl fn @ single duy

After it was found that males could be attracted by means of an
extract from the Eips of abdomens of females. 2 3-ounce tin ~alve box
(fig. 2) was used as a container. From tour to six small holes, in
pairs or groups of three. were drilled in each xide of the tin for the
passage ol atr to evaporate the solvent and attractive substance.
During heavy rains. more or less water enteved through these holes,

and this necossitated a chanee of method. After this experience o
s-onnee imeovered esn filled with cotton (fig. 3) was used. The
extract was poured on the cotton and the can then inverted and fas
tened to the free in this position. The inverted open can protected
the extract feon reing, and allowed the odors Lo excape more evenly.
A sticky substance applied to the tree trunk acound the trap gerved
to vawh the males coming to and liovering aboat the teap.
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The cages or traps were usually placed near the roadside in the
edges of woodland, neglected orchards, or sprout growth, and along
the edges of fields, because such localities were more apt to e in-
fested and could also be more easily visited. The cage was fastened
on the side of a tree away from the road so as not to attract attention.
During seasons when a large number of cages were put out they were
placed along roadsides three-fourths mile or 1 mile apart, and in
special experiments
and loeations as near
together as onc-fourth
to one-half mile.

In obtaining data on
distances or direction
males were attracted
{ovr flew to find fe-
males) it was necessary
to mark and liberate
many males, and dis-
tinctive markings were
necessary to indicate
the various liberation
points.  Aniline dyes
mixed with 70 per cent
aleohol were used 1in
1913 for this purpose.
The different colors
were applied to certain
wings by means of &
small  camelPs-hair
brush. The males flut-
ter about consicderably
in the boxes, and marks
made with the above
mixture would some-
times spread to other
wings than those
marked or to parts of
the body hefore drying,
making its use unsat-
Fguns 2.—A covered tin salve Lox ns uSed iz early iSfRCt{}l‘y. Artists’ 011

parizients I excrtts, A amgle’ das's ekteh of  pings thinned with

gasoline were later nsed
in the same munner and with much better results. The colors did not
spread so rapidly and dried much more quickly.

In 1928 male pupac were put in 2 darkened box with a cone at one
end, through which the males, soon after issuing, crawled toward the
light. A wick extending from u bottle of dye solution was held in the
cone, and as the males crawled gver the wick in order to get through
the cone they became marked with the dye. When they were caught
at the trap a solvent was used fo dissolve the sticky substance and
dye in order to determine the sousce of the moths, The marled males
were liberated at various points from one-sixtcenth mile to 1 mile dis-
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tant from the central female cage, and notes were taken on the time
of flight and direct:on and distance from which they weee attracted to
the trap.

LIVING FEMALE MOTHS AS SCURCE OF ATTRACTION
During July and August, 1313, some preliminary experiments

were conducted near the western border of the New England are-
then known to be infested.® The purpose of these experiments was

. ._. NS a
‘-i‘;:;-\nl_

Ferties 3.---An ppen ean Hlled wilth eotlon into which an atirnetive solution hns been
poured oA, In pasilion fue receiving the atteaetant ) B, invorted.  Adbering to the
stheky matterind s shown g dny's eateh of wmales,

to obtain data on the number of males that might be attracted to o
given point. the idea heing to Follow up the calches by sconting to
determine the distunee to the nearvest fufestation and the direction
from which the males cmine. Ten eages were put out in as many loca-
tions, each location boing a few miles from any known infestation.
Twenty fewale pupac, from which 10 to 13 fomale moths issued, were
inclosed inenely cager From 1 (o 6 males were eanght at six of the

i 1803 Phis are Ta Mossochuseils oxteneed from the noritheast corner of Conuvceticut
r w uluzing Hne 10 NXorthield, Mass, where 1he Congectiont River onters Massactisells,
Hliegpes Bertle asteriy b New tmpghire o Bllsworth sod Yheraton in Oeafon County,
L rastaard into Malie,
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cages. Detailed scouting was later done around two of these six
cage sites to a distance of one-half mile and 2 miles, respectively, but
no infestations were fouad.

Some similar experiments were conducted in 1914, Ninety-three
cages were distribnted in 23 towns of Maine, New Fampshire, and
Massachusetis about the middle of July and removed the middie of
August. One or two males were caught at 25 of these cages. Some
intensive scouting was done the following fall in a few selected loca-
tions to determine the nearest infostutions. A rather interesting find
was made in Rumnpey, N, TI., consisting of four infestuations, located
as follows with reforence to cages: One infertile egg cluster two-
thirds of o mile south of a cage which atiracted 2 males; one fertile
eggr cluster 144 miles east of a cage which altracted 1 male; another
fertile ege cluster bwo-thisds of 2 mile southeast as well as a trace of
an egg cluster 14 mileg southwest of & cage which attracted 2 males,
The first two infestations were found by the regular scouting crews
examining favorable tree growth along roadsides, edges of wood-
lands, and all seattered trees in the open, and the last two by o specinl
scouing crow that cavefully examined the whole of the wooded area.

One infestation in Westmoreland, N. H., was 134 miles from a cage
that attracted males, but the infestation was not loezted until the
second vear of scouting after the cateh was made. Other interest-
ingr catches of males were made in Stoddard and in Gilsumn, N. H,,
in 1014, and near-by infestations were found during the scouting
seasons of 1914-13 and 1915-16. Infestations were located in one of
those years within #00 yards, one-half mile, and 1 mile of the
attracting cages.

Three males were altracied to a eage near the town line of New-
port and Croyden, N. T, in 1913, Subsequent scouting did not reveal
any infestations that scason. Another cage was placed in the same
location in 1814 and a circle of cages around it as a center, ranging
from three-fourths mile te 114 miles distant. Owing to exceedingly
poor issuance of fenmales from the pupae, poor results were secured.
One eage, however, sttvacted 1 male, and subsequently one fertile egg
cluster was fonnd one-fourth mile south. To show that the attrac-
tion of 3 males to the first cage in 1913 was indicative of gencral con-
ditions, an infestation of 66 fertile cgg clusters was found about £
mniles east during the 1914-15 scouting, and two egy clusters at one-
half and three-fourihs mile distant. Several additionnl egg clusters
were. found distributed over an area within 134 miles of the 1913
capo site

FLIGHT OF MALES AND PROPORTION FINDING FEMALES

Tests to obtain data en the light of males and the propoction find-
ing females from given distances were conducted at North Dart-
mouth, Mass., in Augtst, 1913. In these tests fresh males were
marked with aniline dyes in 70 per cent alcohol. ‘The marking was
done in the early forencon, when the males were least active, with
difterent colors on the right or left fore wing to denote liberation

¢ fhoueh no Intensive seeutine way dene around ciges which ¢id not atleact mnives
it §s probithie that seiw bifestptlons existed within ihe snove distnbers (rom those not
aklrnellng ns frpar thiose Lhat Gkl Laler experiments hove shewn that these varinble
rosuits my arise from such condifions ax unfhvoraite Llopoigeaphy, wing, tempernture.
or densg Lree growil,
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point. In all, 275 males were liberated three-fourths mile and 1 mile
in different directions frora a central cage containing 83 virgin
females,

One unmmarked male was taken at the central cage, and after
scouting a small natural infestation was found one-fourth mile
cast from which it may have come. Two days later a marked male
from the liberation three-fowrths mile north was falken. The
covnter abtraction offere? by such natural infestations may account
for the fact that no other of the marked males were canght.

On July 9, 1914, a cage containing 20 female gipsy-moth. pupae
was attached to o post on Lunging Island, Isles of Shoals, off the
const of New Hampshive. This M.md which is smalt and rocky,
was not infested. the neavest, infestations being on White Island,
one-half mile distant; Appledore Island, five-cighths mile distant;
and Smufty Noso Isinnd, three-fourths mile distant. On Aungust
8, 33 other females were added to the ecage. On August 31
the cage was examined, and 70 males had been caught. Tt was
interesting that all the males were caught on the side of the trap
toward the mnfested islands.

Asimilar test was condueted at Raee Point, Provincetown, Mass.,
Angust 9 to 25, 1918, A cage containing 20 females was attached
to a telephone poie on the heach near the lighthouse. The nearest
infestations were in woodlands beyond some sand dunes from 11
to 114 miles to the cast and southeast and from 134 to 2 miles to the
northeast.  Nine males were canghé this year, and in a repetition
of this experiment in Aagust, 1917, 59 males were caunght.

Experiments to obhtain more data were condwcted on Liynn
Marshes near Tiynn, Mass., in 1915, This is a broad expanse of
treeless. salt marshiand relatively free from gipsy-moth infesta-
tion. Six expurin'ionts were comdneted from August 10 to 15 by
libernting marvked males with, ngainst, and at right angles to the
winds at distances from 130 vards to three-four ths mile. Results
from liberations at 139 yards and one-fourth mile distant showed
that the males fly against the wind in almost a'l cases. Of 362
marled males. 27, or one-thivteenth of the number liberated, were
canght. Nincty-nine unmarked males, however, came to cages
from near-by infestations 150 vavds to 1 mile distant. TFour “of
18 marked males liberated one-fourth mile to the northwest were
reeovered between 45 minutes and 3 hours and 40 minutes after
iiberation. The marked males all came flying against the wind.

Other experiments were also conducted on marshlands at the
samo time by liberating 72 mavked males about noon leeward of
the wind, and three-fom‘ths mile distant from 2 capge of 40 virgin
females. The cage was watched during the mest active flying
period.  Seven males were caught in 24 hours. One was marked,
and six were unmarked.  Adl had flown at least three-fourths mile.
It was noted that other mnles cnme to the cage from a direction

against the wind but were not cuught.

On Augnst 13, 50 marked males were liberated at two points
three-fourths mile to the southeast of the cage. The liberations were
agamnst the wind, ng in the above e\peliment The wind, however,
soon shifted from norvthwest fo westerly and south\wstcily direc-
tions. No marked males were attracted, presumably owing to the




8 TECHNICAL BULLETIN 336, U. S. DEPT, 0F AGRICULTURE

shifting of the wind. Five unmarked males were caught in less than
two hours. No matled males were caught in any of these experi-
ments over four days after hiberation. The nearest infestation was
one-fourth to one-third mile distant.

On August 14 and 13, at 11.30 a. m., 75 marked males were 1ib-
erated each day at three points three-fourths mile in an east-north-
east to cast-southeast direction from the cage. The wind was blow-
ing fromn the west with a velocity of from 7 to 8 miles per hour. The
temperature was 80° F. in the sun, A total of 33 males were caught,
G of which were marked and had come against the wind. Two of
them had been liberated at the 84-mile liberation peint Auwgust 11.
The other four flew three-fourths mile against the wind and were
caught after intervals varying from 55 minutes o 1 hour and 43
minutes from the time of liberation. Many were seen coming to the
cage in general progress, bul in a zigang manner of flight, and were
observed over a distance of 200 feet or more before reaching the
female cage.

A series of liberations were made at Amberst, Mass., bebween July
25 and August 9, 1918, and vepeated in July, 1919. In 1918 two
cages, each containing 15 virgin females, were located on the campus
of the Mussachusetts Agricultural College, one 12 feet from the
ground and the other 70 feet high on u building. Tt was hoped to
compare the eatch at the two heights and to learn whether males
follow the scent directly or fly quite close to the ground regardless of
the exact situation of the females.

A total of 914 males werve liberated in 1918. No recoveries were
made 70 fect above the ground, but three marked males were taken
ab the lower cage two days after being liberated, having come
against the wind, apparently following the scent.

In the experiment in 1919 only the cage 12 fect from the ground
was tisecl. Marked males were liberated from the four cardinal
directions, and out of 1,873 only i were recovered.

The direction of the wind during the interval between lberation
and recovery indicated that the males sometines came at right angles
to Lhe direction of the wind, or with it, as well as against it. The
records also indicated from the small number of males recovered
Lhat they are ovdinarily not attracted to females from distances of
more than one-fourth or one-halt mile. The distance they are actu-
ally attracled may be even less, as they appavently fly aimlessly for
a constderable distunce, finully locating the females by scent from
sherter distances.

DISTANCES MALES FLY IN SEEKING FEMALES

When this method of atbracting males is employed to locate in-
lestations, it is important to know the maximum distances from
which the males may come. Fo socure data on this phase of the
problem some uninfested loealities were selected on barren lands
and rocky islands along the const of Massachusetts and Maine,
within a Tew miles of areas known to be infested.  On selected sites
eagres were il out contnining Trom -0 to 50 female pipsy-moth
pupae from which 12 to 15 females iszued. Iifteen treeless islands
in Casco Bay and one off the coast of York, Me., were nsed for these
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experiments between. August 3 and 235, 1915, These islands were
situated at distances vanging from five-cighths mile to 7 miles from
infestations with enly the ocean between them. The catches of
males ranged from 0 to 13 at cach cage. Some scouting was done in
the fall to determine the nearest known infestation on other islands.
All the crges attracted males excepting two that were molested and
one at Boon Island located 7 miles from the infested mainland. The
largest catch consisted of 13 males, mude on Upper Flag Tsland
located five-eighths mile from an infestation on Maskel Isiand, An-
other catch of cight males was made on Little Bang Island. The
nearest known infested island was Great Chebeaguc, five-eighths
mile to the northwest, Another interesting catch consisted of four
males on Sturtevant Island three-fourths mile northwest from the
mainland, and the same distance from Basket Island to the south-
southeast.  Fhe most significant eatch was one of two wmales on
Quter Green Island, located 2¢ miles from Jewell Island and
235 miles from CIHE Island, both to the northeast, and FPeal’s
Island 234 miles to the northwest.

In 1917 some experiments on islands distant from infestations,
and two additional experiments on the mainland, were repeated as
checks, "T'wo males were again caught on Outer Green Island and
none at Boon Island as in 1015, Tour males were caught ou Bill-
ingsgate Island off Cape Cod, Mass, and scouting indicated that
the nearest inlestation was 23 miles north on the muinland. ‘The
males, in reaching this cage, were not obliged to ly more than a
mile neross water without resting, for a sandy point extends south-
ward as part of the maintand.

These experiments indicated that small numbers of males can and
do fly as far us 2% miles, but do not, under similar conditions, fly
as far as 314 miles. Local conditions, such as those met with in these
experiments, muy increase the distance from a given point at which
males may be recovered,

DISTANCES MALES FLY IN CONFINEMENT

I'n orvder to cheek the field experiments on distances males fly in
seeking Temales, @ few laboratory experiments were conducted in
August, 1917, These were carried on in 4 room 12 by 1+ feet, at a
temperature of about 80° Ir,, with curtains drawn to subdue the
light.  Prefiminmry tests indicafed that males llew an average dis-
tance of 130 fect per minufe where no aiv currents assisted or de-
terred their flight. Roecords were kept of the duration of flight and
the muber of times the males flew around or across the room, and
distanve computations were made Trom these. Males were used
hefure and after mating.  They ave diurnal and were confined in
large pill boxes at night.

Fleven males. 2t hours old, which had not muated, were tested
first,  One flew continuously for 1 honr and 2 minutes, and during
another period 4 minutes. Tt covered w distance of 9,900 feet or
18T miles, ane died the third day. The average flight {or these 11
males wis 0,62 mile. They all lived three days,

Ten males that were 48 or more hours old were allowed to mate.
Two ol these refused to flv, and two others flew only four and live
minitdes, respeetively. The average firht of the eight males which

T80 . 2
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flew was 0.66 mile. One of this lot flew continuously for 1 hour and
11 minutes, and the following day 13 minutes, covering 12,600 feet,
or 2.38 miles. It flew 2 miles without resting. Specimens of this
lot dicd the second, third, and fourth day after mating. Con-
finement in piil boxes undoubtedly hastencd death. The indication
that mated males fly slightly farther than unmated males may
possibly be due to the small number of instances recorded.

Tt is interesting that the maximum distance covered by a male in
confinement, namely, 2.38 miles, was very similar to the records
secured on the treeless islands in Casco Bay near Portland, Me., and
at Billingsgate Island, Mass.

TESTS OF TRAPPING MALES ON A LARGE SCALE

Since several striking catches of males had been made in border
territory infested by the gipsy moth where it was not always possible
to find an infestation within 1 or 114 miles of the cage site, it was
decided in 1917 to put out a large number of cages in border territory
infested by the gipsy moth which would be subsequently scoutec.
Accordingly, 62 towns were selected adjacent to, but just inside, the
1017 quarantine line. This tier or strip of towns (double, or two
towns wide, over much of the arex traversed) extended {from Long
Island Sound, ut the southeastern corner of Connecticut, to South-
bridge and Monson. Mass., thence to Hinsdale, N. T, from which
point it followed the Connecticut River Valley northward to Pier-
mont, thence neross to Chatham, N, H., which borders on the State
of Maine. In the outer tier of towns the cages were three-fourths
mile apart; in the inner tier they were placed 1 mile apart. An
additional town, hewever, was selected where cages were placed 2
miles apart. A total of 2,743 cages were put out that year in the 62
towns, along 4,160 miles of road. There were from 19 to 177 cages
per town, the number varying according to the size of the town”
and the number of miles of road it contained. The cages were at-
tached to the side of a tree away from the road (usually within 50
to 100 feet of it) and a “ Do Not Molest ” notice was attached to
each cnge.  Ififteen carvefully sclected female pupae were placed 1n
each double-walled ecage, and a tin disk was tacked over the hole
and sealed with sealing wax so that it would be known if any cages
were molested,  The sverage number of females emerging from the
13 pupac in the cages in thiree towns in Connecticut was 11.5, while
the general average for the whole was somewhat less.

In #8 of the 2,08 cages pub out that yeur no females issued,
leaving a total ol 2,685 cages chavged with females. To these a
total of 17,738 males were attracted, or an average of 6.6 males per
cage.  Many of the cages did not attract any males and many others
only 1 or 2, while the maximum namber caught at any one cage was
95.” Not many more than this number would adhere ovdinarily to
the sticky sarface of from 100 to Ltk square inches, as the material
is vendered ineflective by the seales from the wings and by the dead
bodies of the males,

Table 1 zhows that there were proportionately about as many
males canght at cages placed 1anile apart us at those three-fourths

TN aren of towns in New Bogland voeles, The average size of the towns Ineluded
In this axperitnent wns approximately 38 sguare miles.
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mile apart. This is because the inner tier of towns, where cages
were placed 1 mile apart, was more heavily infested than the outer
tier of towns, where cages were nearver together. It is thought that
cages placed three-fourths mile apart guve results more indicative
of the actual number of infestations in the towns.

Tawrs l—Average road miles and gcres represented per male caught, 1917

Tatnl Tolal (Miles per] Aren per
‘Towns | Cages oadl Aveal tnales mgls | male
miles cavght | copght | eanght !

Distance between ciges o
ol

Number | Number | Number leres Number
av 1,141 ) 2, 500.4 819,724 10, B2
802 i,663.2 £12, 862 5, M7

2,143 1 4,168.8 1 1,332 386 17,733

! The totd uren, and aren per male caught, inrcluded in the table nre based on the record for ooy 3 of the
82 towns (41 towns with capes three-fourths mile apart ned 23 towns with cages 1 mile apart), as the oxact
aerenge of 8 Connecticut towos is not known,

During the following fall and winter regular roadside scouting
was done in many of the towns where cages attracted males, and
data werc compiled on the number and degree of the infestations
found. 1In some cases it was impossible to determine whether the
small number of males attracted to a given cage was due to the
emergence of the females in the cage being much earlier or later than
that of the males in the open infestation, or whether the attraction
in the natural colony was great enough to prevent the males leaving
their own locality. It is probable that the former is true, since in
most cases where a fresh supply of females was introduced into cages
near infestations the recovery was larger. After some scouting was
done in the towns, records were compiled which indicated that
catches at the cages in general compared with the number of egg
clusters found at the neavest infestations, In New Hampshire an
Vermont these infestations were found at an average of 1,813
feet (about one-third mile) from the cage, and those in Massachu-
setts and Conneeticut 1361 feet (about one-fourth mile) from
the cage. These records further indicated that the males originated
in the vicinity of the cage at which they were caught and did not
fly long distances. Intensive scouting in the vicinity of some cages
disclosed a fow infestations not located by tle scouls in their
regular roadside work, Tt should be stated also that there were
instances where infestations were found within a few hundred
feet of cages that did not attract males. The records showed that
the towns near the border were more heavily infested than previous
scouling operations had indicated.

Some follow-up experiments were conducted in July, 1918, in
11 seleeted towns where fairly large catches of males were made in
10717, The cateh was small in 1918, There were no males recovered
at muny cages, probably becanse of the extremely cold winter of
1917-18, which killed many gipsy-moth eggs and probably exter-
minated many isolated coloniex. Some of the cages attracted from
1 to 12 males each in 1918, and during the spring of 1919 intensive
scouting was done in a few selected loealities where catches of 9 or
more males had been obtatned, Two reinfestations were discovered
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in Scotland, and one in Lisbon, Conn., towns which apparently had
no infestations the preceding winter. Two new infestations and
one reinfestation were found in Hardwick, Mass. All these infes-
tations were less than one-eighth mile from points where cages
that attracted males were located.

Similar results were obtained in 1919, Intensive scouting in
December, 1919, revealed infestations 200 yards, and one-eighth,
three-sighths, and one-half mile distant from cages that atéracted
males. In other instances old hatched egg clusters were found
within a few hundred yards of cages that attracted males.

RECOVERY EXPERIMENTS WITH EXTRACTS IN MAINE

In 1928 an experiment was conducted in a very lightly or non-
infested district at Dover-Foxcroft, near the center of the State
of Maine, with the object of determining what percentage of males
liberated in a given locality could be recovered by traps containing
extracts of female abdominal tips (fig. 3) at various distances from
the point of liberation. In addition, some information was desired
on the influence of temperature, rain, humidity, topography, and
forestation.

In natural infestations there is generally some counterattraction
resulting from the scent of living females in the colony. Therefore,
to approximate natural conditions, from three to five living un-
fertilized femalos were kept in cages from 3 to 10 feet from the
points of liberation. Some rhales flew around and against these
cages for a few minutes and soon left, while others would alight
on & cage, remain for a while, and then fiy away. Though the female
seldom mates more than once, the males may mate from one to five
times, if enough females ave available. It also appears that more
males normally emerge in a given infestation than females, owing
to the fack that the shorter larval stage of the former insures a
better chance for survival.

Two liberation cxperiments were made with 590 and 811 in-
Qividuals, respeetively. In each case an equal number of male papae
were put in rain-proof boxes attached to trees about 5 feet above
the ground and so arranged thut when the males issued they could
fiy away normally. The boxes were distributed at regular distances
around a central extract trap. TFor the first experiment thirty 1-
year-old tips in bonzene were used for the attractant, and the libera-
tions made at distances of 1, 3%, and 1 mile; and for the second
experiment 15 tips of fresh materml in xylene were used, and males
were liberated at distances of 7g, %%. and ¥ mile from the central
trap. 'These distances are equivalent to the theorctical maxihmum
distances of traps from road infestations along a straight road when
traps are spaced twice these distances, for example, %, %, ¥k, 1, and
2 miles apurt. In the case of traps one-half mile apart, therefore,
the grestest distance from an infestaticn along the read to the nearest
trap will be one-quurter mile, and the average distance will be one-
half this, or one-cighth mile. No marked males were caught at
traps 1 mile and one-half mite from points of liberation, but 11,
17, and 69 males were caught at distances of 14, %, and ¢ mile,
respeetively.
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Upon the theoretical assumption that attraction varies inversely
with the square of the distance—and if also it is limited to a distance
of, sa,, one-fourth mile—then if a series of Lraps were distributed
at half-mile intervals slong o straight road, attraction would 4&i-
minish to zero halt way between the traps and in a cirele one-fourth
mile from each trap as a center,

The percentage of males that can be vecovered by extracts is
dependent on a number of variable factors, the more important of
which are the distance they can fly, vitality and length of life,
distance from the trap, munber of males, wind direction and velocity,
rain, humidity, temperature, counterattraetion by females of a
colony, tree growth, topography, and the attracting power of the
extract. Considerable variation should be ex pected, therefore, in the
results of the experiments,

The extracts were measurved out at the laboratory at Melrose
Highlands, Mass., and poured in 1-ounce vials stoppered with cork,
and taken by avtomobile te Dover-Foxeroft. Un: ortunately con-
siderable of the attractive substance used in all the 1928 recovery
experiments was lost by this method of handling, as is shown by the
following comparative test: The contents of three vials brought
back from Maine were put out at Sangus, Mass., on August 2, and
the effectiveness of this material compared with that of six other
traps containing xylene extract that had been taken direct from the
Melvose Highlands laboratory to Saugus. The three traps contain-
ing unosed material brought from the Maine Tecovery experiments
aught an average of 22.3 moths, while the six traps of fresh laborz.
tory matevial canght an average of 64.7 moths.

The low summer temperature in the locality where the Maine
experiments were conducted was one of the main causes for the low
recovery ab the fraps.  Observations, both at the laboratory and in
the field, showed that the males would never fly voluntarily when the
temperature was below 70° T, and that their activity increased as
the temperature rose from 70° to 96°.  One observation was made at
957, when activity was at least as great as at 90°. The number of
males caught varied with the nnmber of available hours ® and with
the ninnber of degrees of cnmulative excess temperature ? above 69°,
(Table 2.) The distance males can fly to extract traps depends
considerably on the temperatuve. At Dover-Foxeroft, Me., there
were only 60 per cent as many hours when the temperature was above
63 ns ab Melrose Highlands, Mass., and only 33 per vent as much
cinntlative temperature above 69°. Rain or wet folinge stopped the
flight of mates, but they uppeared to be atiracted somewhat better
whea the heat was accompanied by hwnidity, provided the foliage
was dry.

S An avnllable bovr Cor Bight of males is an hour during whicli the temporature s
ahove GH° W,

*A degree of comuintive exeess tempoernlure i counted by each degvee of tempers-
ture abave G0° 1 during an houoe. A temporature gf TS° W for oue hour would make
Tob - e diesiees of cumulative oXeess Lemperatnre,  Pha snine for theer houvs wawid
give 12 degrees of aninulnblve axeoss temparature, ot
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TapLy 2.—Ejfect of cerlain weather conditions on recovery of males o f the gipsy
moth, 1928

FIRST LIBERATION—FIRST SERIES OF BXPERIMENTS

Melrose High-
ver-Foxel Ale,

Drrver: croft, hle lands, Mass.
Cumu- Cumu-

Hours | lativa | groi00 Tlours { Intlve

Date of liberation above | tem- | oo, Characier of day above | iem-

6° F. | para- g £9° F. | peras

ture ture

(Number| °F, |Number Number| °F,
Tuly 20, 0 G 0 a 0
TWy 2l i0 35 2 ] 29
July 22 [} 10 0 0 0
July 23 q 1] 1] 2 2
July M, & 19 2 | Clear. . i 18
Taly 25 12 i1} 2| Clear, waIM e e e e e me oo 10 111
July 26 8 8 1| Clear, caltm. . ——— 4 4
Taly 27. 0 a o | Cloudy, rain._...._.—__.—__- 8 16
July 28 .. 1] i} 0| Heavy radn. oo T 18
Joly 28§ 1] i} 0| CleBT e a 1]
July 30__.. - 0 0 [T S do. . 7 13
Joly 3l . - T 14 1] ao —— . 8 41
b 1 T R —— 49 150 7 7l 261
SECOND LIBERATION—2ECOHND

111 S 14 52 21 10 40
Auguast 2. - B 38 a5 12 148
Angust 3__ - ] 4 12 14 184
Appust 4 g 52 24 14 195
August 5 - 1] (] i} 12 52
August G_. 0 0 )} Q G
August 7 d B G { 0
August B_. 0 0 0 ] 0
August 6. 0 0 o G 80
Aungust 10 1 1 1 1 18
Aupust i1 1 1 1 4 1
Angust I en u (] 1] a 1
0+ 1. SR 37 154 L] e 865
Tatal for both liherations ... 86 304 87 144 a7

When liberated in an open field the males showed a very notice-
able tendency to seek the cdges of woods and roadsides, many enter-
ing the woods after flying back and forth along the edge. It was
also noticed that males in the woods very seldom come out into open
fields unless attracted outside by the scent of females. Whetaer
this tendency to fly in the vicinity of tree growth is instinctive, or
arises from Ehe use of sight, or from the detection of forest odors is
a question.

rere there are hills between the point of liberation and the trap,
not 5o many males are caught as where the males have unobstructed
fields to fly across.

CHEMICAL STUDIES OF THE ATTRACTING SUBSTANCE

Early experiments indicated that the males were attracted by an
odor given off by the females. Tt was hoped that it would be pos-
sible to determine whether a definite substance of atfractive power
was present in the females, and if so to isolate it, determine its
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nature, and, if possible, prepare it in quantity synthetically for use
in trapping the moths. Accordingly, A. F, Burgess and the senior
author approached W. R. Bloor, of the Harvard Medical Sciool,
and engaged him temporarily to assist in making these studies,
Doctor Bloor’s report *° is in part as follows:

In a large cage out of doors, gipsy moth males were strongly attracted, not
only to living feinales but also fo the whole or parts of the abdomen of fermales.
When males had begun to fly in considerable numbers in Sharon, 3Mass., most
of the suecceeding experiments were conducted at that place. Later, when
moths were present in considerable numbers at the Medical School in Boston,
cxperiments were conducted there.

The work was made guantitative by use of the “ Shaw ™ trap** covered with
a sticky mixture. The trapping tests were ecarried cut along two lnpes; (1)
with various extracts of the female mcth, and (2) with chemical substances,
gnd later with natural products, €. g, resins. As regards ile second typs of
gsubstances {ehemicals, efe), many were tried, and the following attracted
moths in the order named: Allylamine, ethylamine, and methylamine, Slightly
active were quincline, which attracted very many, but caught few (three in
one-half hour), and benzonitril which canght several flies but only one moth,
A pecaliarity of all of these substances was that they attracted when first
put out but were not suflleiently sttractive to cateh n large number of moths,
and lest their power in the course of an hour or so, pointing to the probability
_ that there were present traces of un uctively attracting substance which was

soon lost by volatilization,

Results from extraets made from the bodies of female moths may be summed
up as follows: (1) Water extraets contained only traces of the active sub-
stance, and this could be extrncted from the water by shaking with ether.
(2) Ninety-five per cent aleobol extracted all the uactive substance, (3) The
active substunce was readily goluble in ether and less readily soluble in petro-
leum ether (naphtha). (4) These solubilities indieated that the substance
wns probably u lipoid {(fat or related substonee), A sample was sapopitied
with sodium ethylate and a separation made of sapobifinble (fatty acids) from
nnsaponifiable substances. In thiu * aonsaponifiable ™ group would be included
varipug substances belonging to the aromatic group, as cholesterol, resins, ter-
pene derivatives, ete, Both saponitiable snd unsaponifiable parts were tested
for their power of attraction, and the active principle was found to be present
almost entirely in the unsaponifinble portion. Attenipts to divide this portion
by fructionul gistillation at low pressure with temperatures up to 100° C. and
with the receiving bulb in a freezing mixture were not successful. The crude
petrolenm ether extracts were f{racticned as regards their solubility, and the
active substance was found to be in the most soluble fraction. (3) Extracts
mude from various portions of the body of the female showed that the attrac-
tive substance wis present in quantity only toward the last segment of the
abdomen ; and, therefore, probably had its origin in the accessory sexual glinds
of the ovidoet. (6) 'he active snbstance seemed to be quite stable. The first
alcoholie extract of asbdomen, free from egzs and hair, remained active 22 days
when exposed in the field. When freed from its Tutty impurities it was active
for a shorter time, owing possibly te its volatilization net being impeded hy
these fatty substanees, {7) The males seemed muoch more sensitive to attrac-
tion in the fore part of the season than in the latter part. They would at first
he nttracted to extrvacts containing probably traces of the active substance,
which iater in the season had no effect on them.

The results thus far obtained appear to Justify the following conclusions:
(1) That the males are attracted to the females by the oder of a substance pro-
duced by the females, probably in glands toward the last segment of the ab-
domen, and (2) the substance is relutively stable, is soluble in aleoliol and in
the ordinary * {rt solvents,” and slighlly in water. After saponification the
nctive materinl appenars in the unsgpenifiable fraction.

1 Oapublished,
1 "J:hlI;J Shaw trap s four vertieal wings lke u 4-bladed paddle wheel set on ead,

wlth a smali engre for the femnles set Inlo nn opening made where the bindes Intersect
at the boltom. These blndes nre covered with a sticky mixture which eatches and holds
thie insects. The insects coming from any certnin sourge are nalurally caupht in the

nngle opening in that directlon,
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The next season C. H. Fiske, biological chemist at the Harvard
Medical School, was temporarily engaged. A part of his report
is as follows:

I!roceeding on the assumption that the active waterial is volatile, an exaom-
inntion of distillates from alcoholic extracts of female abdominal tips was
made along varigns lines,

Analysis of one such extract (1,500 ubdominal ting) showed it to contain 37
milligrams of nitrogen. A portion of the same extract, distilled from ulkalive
solutivn, gave an amount of volatile basz (in the distilate} equivalent to 33
milligrnms of nitrogen. This distillate, acidified with hydrochlorie acic and
evaperatell to dryness, left o small residoe consisting, as far as could be defer-
mined, entirely of annnoniuin ¢hloride. Fracticaliy all the nitrogen in the orig-
inil extruet was, therefore, recoverad as nmmonia, Jeaving ne possibility of the
presence of other volatile nitrogenons bases in more than the minutest traces.
The chunces of the nctive substance heing of tis nature is consequently very
slight.

In the course of the above mwecedure, it was found that the distillate gave
a bulky yellow precipitate (mercury compound) with Nessler's reagent (an
alkaling solution of mercuric potassium iodide). The same yellow substince
wig obtained in purer comdition {since uncontaminated with ammoniin) after
distillation of the aleoholic extract with acid instend of alkali. It coniains 66
per cent of mercury and gives qualitative tests for iodine, but is free from
nitrogen, sulphur, and phogpherus,  After removing the mercury from the pre-
cipitate, antl distilling again, this time from alkaling solution, there is still
abount the same quantity of substance concerned to be found In the distillate,
showing (1) that it can be recovered Trom the mercury compound, and (2) fthat
it is not an aeid

Sihimilar precipitntos were cbtained from other mercury reagents (reddish
precipitale with mercuric chloride; wbhite precipitate with an alkaline solu-
tion of mereuric cevanide). These tests stggest the presence of un aldehyde
ar n ketone, and it was secordingly (ound Lhat the distillates gave a strongly
positive test for aldehyde with Schifl's fuchsin reagent (red color). Analysis
of the above distillate by Ripper's method showed the presence of 0.03 per cent
aldehyde (elenlated s acetaldehyde). By the sfme method, the distillate
from another extract contalning a lirger number of tips showed 0.00 per cout
aldehyde,

Attontion wns then dlrected toward the charactecization of the aldehyde.
The mest snithble reagents for this purpose were not available at the time, so
as mucel information as nossible was sought with reagents that were in stock
or that coulti be prepared rendily, After various unsuccessful preiiminary
tosls with ullic  reagents, thiosemicarbazide was finully sclecled as saitable for
mare detniled Iinvestigation, ginee both it and its aldehyde derivatives are rvead-
ily analyzed, particulnely io the form of their silver compounds. Nevertheless,
in spite of numerots attemys 'to isolate a compound of this reagent with the al-
deliyde present in the distillstes, nothing has so far been recovered buf a sub-
slunee which, ns shown Ly its physicnl properties and by the silver content of
ity silvor compounds, is merely anchavzed thiosemicarbazide. The desired con-
dengntion product, therefore, either is not readily synthesized under the condi-
tions adopted, o is too unstable to resist the manipulationsg that would be
aocessilry tn isclate it

The most promizing diveetion for further work wounld be an attenpt to apply,
in a similar way, other reagents not now obtainable on the market, particularly
pnitrophenyl-hydrazine.

When the services of Doctors Bloor and Fiske were no longer avail-
able. 13. L. Souther, organic chemist working at Harvard University,
whns tomporarlly engagod to assist In m:li:mg the chemiceal Ivestiga-
tions, 1. . Kohler, head of the department of organic chemnistry
at Warvard, direeted the work of Doctor Souther and offered many
sugrestions for trinl and improvement. A summary of Doctor
Souther’s report # 3s ns follows:

12 ["pnpubllshed,
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Experiments were first made with old material held over w}nter_in
cold storage {0° to 3° C.) and later checked with fresh material with
the object of determining (1} the general class, or classes, of organic
compounds to which the attractive substance belongs, (2} the pro-
cedure that would give the most complete extraction of the material
from the abdominal tips, and (8) a possible n.othod of isolating the
substance. The samples were put out in tin evaporating boxes and
attached to trees, o

Thirty-two samples of filtered extract, ench from a minimum of
250 abdominal tips in 21 ¢ ¢ of petroleum ether, were treated with
various rengents and then subjected to field tests, with the results
recorded in Table 3, TFour untreated samples of the same concentra-
tion were nsed as checks. All of the samples were prepared from
female tips. The more important experimental procedure is
described below.

Tapir 3.—Tesly with samples of the solulion of abdominal tips of femals pipsy
molhy, showing numbers of malc molhe ativacted to traps afler vparious
trautments of the golution, Saugus, Mass., 1921

1 ! :
Sﬂnl‘] ‘Female] Totel || Sam- ! Female] Total
pike Trestinent of snmpda !, tips mmles °| ple | Treatment of sample o tips | malea
No. f ' used | coupht | No.o | nsed [ eaught
} ) ;
|unber) Nember | 1 . Number;Number
1| Check soluztion . D250 5 17 | Disifilate evaporated oo i
2. Treated with sodb \ © fiter prper .. - 50 3
! bonate to rethove neids.. 250 e || 1§ ! Test for base a3 in semple
3 Preated with sulpburie H I TR 500 13
i acid to romeve bnses-_--l 2350 17§ 191 Hydrelysis ol extroct with .
4 . Trested for unsiturcted lf potosh.________________. 250 ‘15
| compounds_ .. .cceaae__ 250 138 20 Test for unsaturated com- :
51 Tost for aldehyde - 1,000 np [eLalER s . 230 153
6 Oxidation of deivd tips_ .| 1,000 v 23 [ Test for aldebyde____ 250 182
7 Uydrolysis of dried tips...f 1,000 116 22 | Boiled with potash.. ... 250 -14]
5  Most volstile ehird of i 23 | Mest velatile of vwo peor-
: 250 Myt I T 250 ]
11 : 2§ { Becond portion of distillate. 250 T
: 256 338 251 Solvent added ond dis-
10 B ] 41
350 ign 28 Distilled ot 150° C__. j 250 7
11 o 27| Bolvent mdded and
250 il tliled off 250 n
1% =] | Residue I 25D 8
ER 1 25 | Check solation *. 250 o
13 34,31, !
=0 RO E TR T K TR T U - 250 ]
14 | Finad residne. o 330 in 34 | Hydroiysis of extract with .
15 | Chave selutton 2. 250 1y sodittin carhongite 250 42
16 | Nonvoietile portion of ene 35 ; Check splution ..., 250 3
T 250 13 30 ) Sestext s 20 a
1

! Refor o Laxt for mora dotellsd information on the composition and Lreatment of each sampla,

T Cheek srmgsde | covers sumples | to 14, check sntiple 15 covers sminples 13 to 28, cheol sample 20 covens
samples 20 to 34, and eheck sample 35 covers snmpla 3.

3250 used in epch sampla.

TEST FOR ACID

An old lot was extracted twice with 5 per cent sodinm carbonate
solution, washed with water, and dried. (Sample 2.) This sample
atiracted more moths than the check solution, proving a previous
vonclusion that the substance 3s noet an acid. A new lot was
also hydrolyzed with sodium carbonate and caught 42 moths.
{Sample 34.)

The greater attractiveness or uactivity of sample 2 as compared
with the check selution indicates that the active material is con-
tinucusly being generated by hydrolysis from a more complex
componne.

136621—32—3
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A sample of fresh material was hydrolyzed with the more active
potassium hydroxide, instead of sodium carbonate, and the extract
was not very active, indicating that it was not stable in strong,
cold allealies. {Sample 19.)

HYDROLYSIS WITE ACID

One thousand tips which had been covered all winter with pe-
troleum ether were decanted and washed with petroleum ether
and dried in the open air. As soon as the tips became dry they
were moistened with 1 per cent hydrochloric acid and shaken over-
night. The acid was neutralized with sodium carbonate, and the
resulting solution extracted with ether. (Sample 7) It caught
many moths, thus confirming the hypothesis that hydrolysis plays
an important role in causing extracts to refain their activity, the
moisture of the air acting as the hydrolyzing agent in the field
experiments, Oxidation is not concerned in the process, as shown
by the results with 1,000 tips which had been decanted, washed
with ether, and dried, as in sample 7. These were moistened with
water and shaken with axygen under 13 pounds pressiire, the mate-
rial extracted with cther, and the solution dried, but when tested
it caught only seven moths. (Sample 6.)

TEST FOR BASE

A sample was extracted twice with 5 per cent sulphuric acid,
washed with water, and dried. It canght many moths; this shows
that the attractive material is not a base. (Sample 8.} Six per
cent hydrochloric acid was next used instead of sulphuric acid,

but this sample was only slightly active. {Sample 18.)
TEST FOR UNSATURATED COMFOUNDS

Potassium permanganate in neutral solution readily oxidizes
many unsaturated compounds. Therefore, two samples were shaken
overnight, each with 25 ¢ ¢ of a 3 per cent solution of potassium
permanganate. (Samples 4 and 19.) The results showed conclu-
sively that the attractive principle is a saturated compound and is
vot unsaturated.

TEST FOR ALDEHYDES

A portion of extract was boiled for two hours with hydroxyl-
amine and potasstum hydrvoxide. The alecholic solution was evap-
orated and the residue poured into water and extracted with ether
after acidification with weak hydrochloric acid. This procedure
would remove all aldehydes and all but complex ketones. The ex-
tract attracted many moths; this shows that the active principle
is not an aldehyde. (Sample 5.) The test was repeated, and at
the same time another extract sample was boiled with potassinm
hydroxide in order to determine whether the alkali or the hydroxyl-
amine caused the change, should any be observed in the solution.
Both samples were active. {Samples 21 and 22.)

VOLATILITY TESTS

1t was also desirable to determine, if possible, the volatility of the
atbraciive constituent. Accordingly, a quantity of the solution
equivaient to three lots (63 ¢ ¢} was fractionally distilled from a
steam buth. The first 21 ¢ ¢ that distilled was very attractive and
caught 217 moths. {Sample 8.) The second fraction that came
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over was less attractive and caught 73 moths. (Sample 9.) The
third distiliate consisted of the last portion that would not distill
at steam-bath temperature, and was even less attractive, catching
only 16 moths. (Sample 10.) The residue was heated for an hour
at 100° C. in a current of air under diminished pressure, but the dis-
tillate was nof. active. (Sample 11.) The heating was continued at
125° for an hour; yet no active material distilled. (Sample 1%.)
Adfter an hour’s heating at 130° a small amount of distillate collected,
and this sample was very active. {Sample 13.) The discolored res-
idue that remained in the flask was washed ont with solvent and
tested, but it caught very few moths. (Sample 14.)

A lob was evaporated in a vacuum at room temperature, the dis-
tillatc being collected in a flask immersed in a freezing mixture,
The portion that woeuld not distill canght very few moths. (Sample
16.) "To present as large a surface as possible for evaporation, pieces
of filter paper were put in the flask containing the condensate. The
tiquid was then evaporated under diminished pressure. The paper
and the small amount of liquid which remained in the flagk caught
very few moths. (Sample 17.) That few moths were caught from
thesc two tests (samples 16 and 17) is very strange, but local field
condlitions may have been responsible for the resulf.

Anocther series of volatility tests were carried out using a double
portion of the extract. “The most volatile portion was only slightly
active (sample 23), but the second portion of the distillate showed
considerable activity. (Sample 24.)  In orderto remove, if possible,
all of the active compound, petroleum ether was added to the residue
and distilled off immediately. This solution caught many moths,
but quickly lost its power of attraction. (Sample 25.)

These experiments indicate that the active compound is readily
volatile with solvents. One scems justified in supposing, therefore,
that in field tests where a preliminary evaporation of the solvent
takes place, a great loss of the active material is incurred.

THERMAL TEST -

In order to further determine whether the attractive substance
cotild be obtained by heating the residue similar to that left behind
in sample 23, it was heated to 150° C., no air current being used.
The small amount of distillate contained much of the active sub-
stance. (Sample 26.) As no air current was used during the
heating, it was hoped that if the active material were gencrated in
the flaslk, 1t would remain there and could be obtained by adding
petrolenm cther and distilling it off again, The distillate made a
good catch on the first day only. (Sample 27.) The final residue
was inactive, (Sample 28.)

Tdentical original samples (30, 31, 32, and 33) were each shaken
with 5 ¢ ¢ of concentrated hydrochioric acid overnight. The aqueous
portion was distilled, made faintly alkaline with potassium hydrox-
ide, and extracted with ether. The four samples caught only one
moth, which scems conclusive evidence that the active material is
destroyed by the aetion of concentrated hydrochloric acid.

By the time thege experiments had been completed, tips were avail-
able in sulficient quantity to attempt to isolate the active compound.
"The moest promising means to this end seemed to be fractional dis-
1illation, since the chemical nature could not be determined,
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Accordingly, a filtered solution of 1,650 ¢ ¢ from 21,625 moths was
evaporated tnder diminished pressure with the receiver in a freezing
mixture. The last portion came over at 40° C. under a pressure of
about ¢ inches of mercury. The residue was distilled, and the pov-
tion that would not volatilize at 175° and 20 mm pressure was
dissolved in ether and hy“rolyzed with sodium carbonate solution.
The ether layer was washed and evaporated and the residue stemun
distilled. The agueous distillate was extracted with ether. The
ether was then cvaporated and residue tested. (Sample 36.) Xt
caught no moths. It seems that the substance is either volatilized or
destroyed at 175°.

One may briefly conclude, therefors, from the foregoing experi-
ments that the attractive prineiple 1s not an acid, base, or aldehyde.
Tt is probably an indiflerent substance, as a fat. protein, or ester, and
is saturated.

C'olil concentrated hydrochloric acid and boiling aleoholie potash
destroy the substance,

It ig readily volatile with solvents, and much is lost when the
;:'oll‘ie”t is removed by evaporation before the sample is placed in the
jeld.

The long activity of extracts is probably due to the continuous
generation of the attractive compound by the hydrolysis of a more
complex substance. Oxidation is not concerned in the process.

Abdominal tips that have been thoronghly extracted with petro-
leum cther yield an additional amount of active material on hydroly-
sig with 1 per cent hydrochlorie acid.

The samples were put out between July 21 and August 1 and
remained exposed in the field for a period of 25 to 14 days. In
Table 8 they are listed in the order in which they were put out. A
catch of five males, or less, may be considered as negative. The
eatches were recorded daily, and from these the totals given in the
talble were obtained.

ANATOMICAL STUDIES

Studies made in 1927, 1928, and 1929 were planned (1) to get more
definite information on how much of the female abdomen should be
clipped into the solvents for best results, (2) to determine exactly
what part of the anatomy produced the attractive substance, and (B)
to obtain information which might aid in determining the exact
nature and chemical formula of the attracting substance so that it
might be prepared in quantity syntheticaily.

Various ports of the anatomy, more particularly the reproductive
system, were dissected, then placed in a solvent (xylene), and pub out
in traps in the field. Most of the dissecting was done under distilled
water, in which previous tests had shown a small portion of the
active substance to be soluble. Therefore, while making the dissec-
tions, a small quantity of the active substance became absorbed by
the various parts of the anatomy as they were being removed.
Hence, a small number of male moths were sometimes caught by
these parts (particularly in 1927) in traps which otherwise would
not have caught any males, These traps were put out in heavy in-
festations in 1927 and in moderate infestations in 1928 and 1929.
Tnder these conditions a cateh of 12 males or less may be considered
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as a negative result. After 1927 it was found that considerable dis-
secting could be done without a liquid ; but when it became necessary
to dissect certain parts under water, this was done as quickly as
possible. 1In 1927 only a relatively small namber of parts were dis-
sected, and enekh s~mple was held in one-fourth ounce of xylene for
approximately & days and then put in the field. In 1928 and 1929
each sample of parts was put in three-fourths ounce of xylene for
gpproximately 10 days before being put in the field. During these
two years several hundred females were dissected, so that duplicate
tests of each sample of parts were made, and it is mesily from these
tests that the conciusions have been drawn, instead of from the
preliminary results of 1927T.

TanLe 4—Numbers of male gipsy moths caught at traps containing digsecled
parts of females, 1937°
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VT he braps wore placed in the Qeld on wug. 1, where they remained o doys.

It has been assumed by many zoologists that the substance which
attracts males. to females is produced in the accessory glands of the
reproductive system.  In the reproductive system of the female gipsy
moth there are two necessory glands: One a small bulblike structure
whose function is not known unless it is that of a seminal vesicle;
and the other a large paired gland containing the substance which,
upon exposure to air, cements the eggs together and to the surface on
which they are <eposited and which, unlike the attractive substance,
does not mix or, dissolve in fat solvents. The contents of both of
these glands gave negative tests for the attracting substance. It is
interesting that tests with the reproductive system (the accessory
glands, copulatory pouch, oviduct, ovarinn tubes, and eggs) yielded
generally negative results, as hkewise did traps containing the hairs,
rectal pouch. segments of the abdomen taken after removal of the
reproductive system, the thorax and head of the adult, and female
larvac and pupae. The data presented in Tables 4, 5, and 6 indicate
that the attractive substance occurs in the tissue immeciately sur-
rounding the opening of the oviduet and copulatory poueh, more
particularly in the vicinity of the copulatory pouch opening. This
tissue consisted of the genitalia, together with a very thin, narrow
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band of body-wall tissue of about one-half millimeter in width. In
dissecting these chitinous parts it was found that often a very small
quantity of tissue that was attached to the inner chitinous surface
was also removed. In most instances that portion of the genitalia
pertaining to the copulatory pouch opening and that portion sur-
rounding the oviduct opening were put out in separate traps.

TABLE 5—Numbers of male yipsy moths cawght ab fraps containing dissccted
parts of females, 1928

i TFirst series of tests Second series of testa
Coutenis of braps i . .
Ferales|, Y5 | Malos | Formalnsl, DAYS | Males
used [, far | CuBhT] used G Vet eaught
Plsgue Inmedintely surrounding copulalory aod ovi- L Number| Nunber] Number| Numbert Nitinber| Nummber
diuct opening - 19 & 113 15 10 34
Tissae {mimedintely surraunding Iy op 15 i0 14
‘Pisgire immediately surroooding oviduct Opening .| eac b amimao]aaanaan 153 10 20
Copplatory pouch —— - 18 15 0 15 10 [+]
Ovidnet. s T 15 i} 15 10 0
Accessory glapd (3mall bulblike) . 17 15 1] 15 10 1]
Accessory glonds {large paired). 19 15 0 14 10 4
Owerian tulea with approxinn 21 ) 4 18 10 1
Eeea (approximately 4,500 alope.. . 14 15 a 17 10 a
Rectal pouch 18 15 1] 14 L] 1
Lituld from rectal pouch 15 30 1 14 10 0
Tissceting watar shaken with xylena_ .. 18 14 a9 13 10 25
Connective tisstes—thorax, ete 14 15 8 14 10 4
Hairs from whdomen ool 30 28 3 15 10 1
First segment lram posterior end (withoub reprodue-
tive systotn) ... 12 14 3 14 10Q 5
Second segineni rom posterlor end (without reprodue-
thva system 14 14 1 14 10
‘Third segment from nosterior end ]
tive system} [hid ia 40 15 10 i}
Larvae {ground) 16 15 Ji] 15 10 1}
Famals popae. 13 1i 3 17 10 a
Dend femalesa N 18 15 o 18 0 ]
Blank test (tree-banding niaterial anly 0 15 1] 1] 10 4
Cheek (lving virgin fomales). ... 0 15 170 25 10 144

L Trap molested after Nith day,
1 Fewnale und ovipositing on tree under trap, which probably aecounts lor the results.

TapLe G—Numbers of miale gipsy moths cuught ol traps coniaining dissected
parts of females, 1920

First saries of | Second series of
tests 1 tests ?
Centents of traps . _
e | Mates | Fe- | Aalos

used caught usel caught

Number| Number| Ny mber| Number

2 T 1 18 5 13 I

Copulslory pouch . - 1] 3 12 L

Small bulblike T L R U 19 18 15 i)

Large paircd aceessocy glanda. . ... - 18 1 13 Il

Crenrian tubes with eggs. R, 18 7 15 'L

Tisstie around ¢ dnet OpeninE. ..o e v oo e amam e 1M {11 15 53

Tissue around copulatory pOUch OPRDINE. ae e . cmem e 18 161 15 137

Tissue neur opeting of oviduct and vopatlatory pouch i - - 15 12

Flrs%}segmont from posterior el (without reproductive system) __ . ____ 18 25 }g 1 Bg

L O . .

Second to Bith sopments (oom posterior end {without reproductive sys-

tem;_ e rmmm—mme o sismsmmassssmmmm———— 18 T 15 162

0. U USSP RSP PSpapupyo 15 4

Dissecting water {130 ¢ ¢ in X¥INE) oo e mismmmime s ———— 20 40 15 48

Living fomtales (oRenk) oo eeaimmmmemmmmmmmmmrmrtmm s e fam e 14 718

1'Prapg placad 1o ekl July 26, where they romained 20 days,

1 'raps placed in fleld July 30, where they romnined 26 days. .

1 tesults questionnble, for most of the nther tests of these parts gave negative results, and because these
traps nttrecked tnales an the ficst day anly, Fucthermors, in 1030 4 trap cantaining the genitalia of 1§
fanales in xrlene catight 279 males, whila the rest of tha shdomen of these tenuales put out in tha same way
caught only 20 males.
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Since the chemical tests Indicated that the attracfive material may
arise from some fatty substance, it seemed advisable to trace ronghly
the mefabolism of fab bodies in the larva, pupe, and adult. The
healthy female larva at its fullest development has an internal cylin-
der of fat which surrounds the alimentary canal and lines the bedy
cavity. In the pupal stage the fat bodies diminish as the reprodue-
tive system and eggs develop; the development of the latter taking
place at the expense of the former. There is very little fat left in the
body of the aduit female, but there is an appreciable amount in the
male. As the male is very active, it is possible that this fat may be
necessary to furnish the energy expended in flight.

In conclusion, the field experiments with dissected parts strongly
indicate that the active substance iz not produced internaily by glands
in the reproductive system. Since the tissue of the reproductive sys-
tem apparently is not the kind of tissue which contains fatty sub-
stances, and since previcus chemical tests indicated that the substance
is of o fatty nature and is soluble in fat solvents, it seems quite evi-
dent thuat the attractive substance is produced elsewhere. These ex-
periments, covering a period of three years, indicate that it comes
from tissne immediately surrounding the copulatory pouch. Here,
it may arise from the decomposition and hydrolysis of a fatty sub-
stunce, It i1s not unlikely that it is produced and excreted in this
vicinity by ductless or hypodermal glands lying near the surface,
espeecially since setae anvl pores were found here that are peculiar to
this region.t

TESTS OF EXTRACTS

EXPERIMENTS FROM 1320 TO 1927

The principal results, up to 1927, with extracts made from female
abdominal tips are summarized in Table 7. The table contains re-
sults taken from 322 traps at Saugus, Mass., covering a period of
several years. The total number of males canght by each extract
was obtained by adding the daily catch for the entire season. All
traps, after being put out, were visited until there were no longer
living males in the field. The period over which the traps were
exposed in the field is important becanse of its bearing on the number
of moths caught. Those that were exposed longest were put out

Iy reviewing his own work and the work of othera, Melndoo ' wrote the following:
e a ¢ Cuzopehire (1836) remarks that giandular cells of hypodermal origln are
widely digtriboted in inscets. They sccrete the various flulds exwdlug through the
chitio, nosl since their bisteiogy Is so slmifar it might bo ndmitted that they have the
shmpe gensral strueture.  For deseriplion, scent-producing orgsps may be divided inle
five types based on their devices for disscroinating the odor and for storing the serretion
as follows: (1) Wo speclal device for disseminating the odor ot storing the secretlon;
{2} pland cells nssocinted with haira and senled os 1 mepna of senttering the odor more
effeetively ; {32 “ evaginable " sacs Hned with hales connected with glepd celle ag a device
for storing the secretion and distributing the odor; (4) artleular wmembrapes secving s

suches for storlng mud preventing a too rapid eveporntion of the secretion; {3) special-
et tubes apd ases acting as regecvoirs for stoving and dlsclarging the scerciion.'” This
gnbject It further treated by MeIndeo in ** 3mell and Tasie and Theie Applications ' 39,
and * Commuuldation Among Ensecta” 17

’; gicli'go?. M. FE. RECOGCNITION AMONG INSECTS. Smlthsn, Mlse, Collect. 88, neo. Z,
p. B85 17,

9:: SMELL AND TASTE AND THEIR ATPLICATIONS, Scbh. Mo, 251 481-503, iilus.
18237,

e COMMUNICATION AMOXG INSECTS. Smithsn. Inst. Ann, Rpt. 1028:541-582,
Hug, 1020,
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carlier than the others, and these generally caught more males than
those put out later because (1) they were exposed for a longer period
of time, and (2) because the flight of males reaches its peak early
in the season. This condition is 1llustrated by experiment 1, Figure
4. This experiment, using living females as the source of attraction,
was started at Saugus, Mass., July 10, 1921, and lasted 41 days. The
peak, for males caught, was reached in the fourteenth day. The sea-
sonsg vary somewhat from year to year, but usually the first males
strat issuing about July 10, and the females o few days later. An
nceasional male may be found as late as September 1, in the vicinity
of Melrose Highlands, Mass., and later in northern New England,
making a season six to eight weeks i length,

TanLe T.—Summary of dela on experiments for lrapping male gipsy moths using
extracty from obdominal tipy of femueles, 1920-192%
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TaBLE T—Summury of data on experiments for {rapping malc gipsy moths using
exlragels from wbdominul tips of females, 1926—1987—Continned
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In studying and comparing results, several natural conditions.
must be taken into account, the most important of which are {1) the
degree of infestation where experiments were conducted as indicated
by the checks (Table 8) and (2} the portion of the season over which
the experiment is made. Extreme variations may also occur from
day to day, owing to weather conditicns. Cool rains, wet foliage,
and temperature below 70° I, entirely stup the activity of the males.

TapLe 8—Averaye catch of wmales al check lraps contqining living virgin.
females, STtugus, 3fass., 1920-1530
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Fiouns 4 —Cntehea of male gipsy moths at trops at diferent thines and under differ-

ent conditlons: A, Byperiment 1, check, using 40 living frmales, July 10 to Anguat
19, 1921, showling the Leginnlng, height, and end of euteh; 0, oxperlment 2, check,
using 40 Iving femniles, July 23 to September , 1027, indieatlng the relutive
abundance of males from July 25 to the end of the senson ; C, experiment 3, aver-
age cateh of two traps contuining 40 tips extracted with DBen%ene under the same
eonditinns ag in experiment. 2 ; T, experiinent -k, potrolenm ether extract of 13 tips,
Tuly 28 to August 10, 1928, showing the shorthess of the period of effectivencsa
due to mapld evapoeration nud Joss of the atirneting sabstapeg; I, experitment
3, netroleum sther extract of 10 tips exposed hy bottle method, Aupgust 1 to 16,
1948, Comparg this with the sume solvent by the enn methad in preceding experi-
menk,  The effectlve period was slightly longer aod good entehes were made, firag,
dring the evapoention of the solvent and theo later by the residue. F, Experi-
ment 4, nohydrous ether exiract of 16 tips, Juiy 2B to August 8; compare with
petroleum ether extraect in experiment 4
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The area where traps were put out at Saugus, Mass., to check
loboratory experiments, was a rolling wooded section of about 2
square miles, covered mostly with oak, averaging about 35 feet in
height. Care was taken to place the cages or traps in the most
Lightly infested portion of this area in order to more nearly approach
conditions prevailing in very lightly infested areas where it was ex-
pected the results might be applied. The traps were spaced approxi-
mately 150 to 200 feet apart. Table 8 gives the average yearly
cafch of male moths at the check traps, which contained at all times
from 3 to 5 living, virgin females. As the females live only a few
days, it was necessary to use from 30 fo 45 living females per season
for cach of these traps. The trees bearing the traps were numbered
{fig. 3, B) and carefully inspected to see that no natural infestation
of pupae or female moths were near enough to affect the results.
The results from these check traps are for comparison with the
results from the extract traps when put out under similar conditions,
and give a general idea of the density of infestation from year to
year.

The extracts were prepared by clipping off into the solvent the
posterior one to three abdominal segments of the females by means
of a pair of sharp scissors. The extracts (except those carried over
in coid sterage) were held for a few days before being put in the
field to allow for as complete extraction of the attracting substance
as possible. Those referred to in Table 7 were put out by the can
method, (Fig. 8.)

In a number of experiments vaseline and paraffin oil were added to
the extracts for the purpose of decreasing the rate of evaporation of
the active substance, In addition, geraniol, tincture of musk, a mix-
ture of vegetable oils, soybean oil, and tincture of civet *® were tried
without the addition of female parts. Tincture of civet was also
added in small gnantity to benzene extract.

The catch of male moths by the various extracts increased, but not
proportionally, as the number of female tips used in the solvent
increased.

Of the various solvents represented in Table 7, xylene and benzene
gave best results. The active substance was apparently more stable
in these two solvents, since theiv extracts gave results that were more
uniform, and attracted males over a longer period of time than did
the extracts prepared from other solvents. Until 1927 one-eighth to
one-half ounce of solvent was used for each experiment, but in 1927
1 ounce of solvent was used in most of the tests, and better results
were secured. In 1927 the two experiments with 18 abdominal tips
(fresh material) in 1 ounce of benzene caught an average of 405
males; one trap of benzene extract of 30-tip strength (1 year old)
caught 442 males; and one of benzene extract of 80-tip strength (2
years old) caunght 735 males. Two traps containing xylene and 3¢
abdominal tips (1-year-old material) caught an average of 323 males,
while ning traps with fresh material of 16-tip strength under the
same conditions caught an average of 242 males. The results indi-
cated that benzene was better than xylene for preserving the material
over a long period of time. That cxtracts of female tips deteriorate
with age 1s clearly shown by individual experiments covering a

" Clvet is o gompound token frem the seenr glands of the African civet cat,
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period of years. In all cases it has been necessary to use more of the
cld extract to get results comparable to those given by the fresh
material. The active substance has been preserved longer (seven
yvears) in alcohol than in any other solvent. In most solvents it has
nni been active after the third year. It is very desirable that the
active substance remain stable in storage for st least one year, since
# considerable part of the extract prepared each year is being used
in localities where the season is more advanced than in those from
which it 1s necessary to obtain the female moths.

Alcohol extract gave slightly better results than the other extracts,
but in exther case 1t was necessary to use extract from a large number-
of abdeminal tips to get a good catch of males. The results with
carbon tetrachloride and chloroform were not very promising, Ex-
tracts containing one-fourth ounce each of paraffin oil, pine oil,
geranicl, and vaseline gave poor results, Apparently, heavy oils
retard the rate of evaporation of the attracting substance. Tincture
of musk failed to eatch’ any moths. Certain commercially prepared
vegetable oils and extracts of becf fat failed to catch any moths
when used in or without a solvent. A fair catch was obtained for
a few days when an alcohol extract of female tips was poured on
the bark of a tree.

The results with tinecture of civet are very strange. When 10
drops were added to 1 cunce of xylene containing 15 abdominal
tips only 15 males were caught; when 10 drops weve added to 1
ounce of benzene containing 15 tips, the trap caught 611 males, next
to the highest catch at any trap in 1927. When 2 drops were
applied to the sticky material no males were caught; but when 2
drops were applied to cotton, 6 males were caught. When 1 ¢ ¢ was
applied on cotton, 103 males were caught, most of which were at-
tracted on the first day, and only 1 after the thirteenth day. In such
heavy infestations an accidental catch of from 1 to 6 males sometimes
oceurs, allowanece for which must be made in studying the results.

EXFPERIMENTE IN 1928

In 1928, males were present in the field from July 20 to September-
1 and were most abandant on August 2, which is about the time most.
of the extrnet traps were put out. During the season 264 traps were
put out at Saugus, 161 of which were tests of extracts. The extracts.
were checked against one another, and against check traps containing
at all times friem 3 to § living virgin females. ]

Three methods of exposing the solvent and attractive substance for
evaporation in the field were employed, namely, the can method pre-
viously described {fig. 8}, the perforated-can method, and the bottle
method. The perforated-can method resembled the can method
in that the same can and cotton were used. It differed, howerver,
in that the can was entively closed, except for several holes punched
in the bottom to permit the evaporation and escape of the solvent
and attractant. ‘The size and number of holes vavied with the rate
of evaporation of the solvent. The bottle method differed from the-
two methods just described in that the receptacle or container for the
extract consisted of a l-ounce or 2-ounce wide-mouthed bottle
equipped with a cork stopper which held z glass tube in the shape
of an inverted V with one end of the tube in the bottle and the




ATTRACTANTS FOR THE PLYING GIPSY MOTHS 29

einer end outside and inclined toward the ground to prevent the
enfrance of rain. The odors pussed out of the bottle through this
tube. The tubes ranged in diameter from 1 to 30 mm, depending con
the rate of evaporation of the solvent; the smaller tubes being used
for the solvents which evaporated rapidly and vice veusa.

The value of the different solvents varled considerably, the varia-
tion depending largely on (1} their ability to extract the attractive
substance fron the tips, (2) their effect on the stability of the
attractive substance, and (8) their volatility. If pure faf solvents
(as ether, gusoline, benzene, xylene) are vsed, most of the attractive
substance 15 extracted from the tips in 1 day, and practically all
of 1t in § days. In onc instance where the tips were allowed to
remain in considerable depth at the bottom of a simall vial of xylene
for 3 days without being mixed, the decanted selution caught about
as many males as did the tips, which were covered and extracted
with xylene again after the original selution had been decanted. In
a number of other instunces tips have been extracted twice both by
ether and xylene, but the second extraction has caught only a smalil
number of males, and this attraction may be due to the small quan-
tity of the original liquid not removed from the tips by the filtering.
Chermical tests have indicated that a small quantity of the attractive
substance may be removed from the tips with 1 per cent hydro-
chloric acid, after the solvent has been filtered off. The 1928 ma-
terial remained under lignid from 1 to 14 days, or an average of &
days, before being put out. When an additionul substance, as an
otl, wag added to # solvent containing tips, the addition was made
after the tips had remuined in the solvents for at least 1 day, so as
not to interferc with the extraction of the attractant by the solvent.

The rate of evaporation of the solvents was determined as ciosely
as possible at the laboratory by various methods of exposing known
quantities to the open air for given periods during which the tem-
perature, humidity, and amount of surface exposed were recorded.
Lhe rate of evaporation in almost all cases was most rapid at first,
becoming less rapid as more of the solution evaporated.” When the
can method was used in the field the more volatile solvents, as ether,
benzene, and gaseline, eviporated in from 10 to 3¢ hours, whereas
some of the heavier oils, as cottonseed oil, required more than the
length of one season for complete evaporation. Evaporation through
the two other methods was much slower. By using the bottle method
the evaporation of any of the solvents could he extended over the
entire season. Evaporation by the perforated-can method was
slower than by the can mcthod, but was much quicker than by the
bottle method. The bottle method proved to be the best method for
ether, which was the most volatile of the solvents tried, but was
inferior to the ean method for all the other svlvents, especially those
which volatilized very slowly.

The experiments showed that the rate of volatilization of the sel-
vent influenced the rate of volatilization of the attractant, e. g.,
when the solvent used was petroleum cther or ethyl ether, males were
attracted for only about two weeks; but when benzene or xylenc
(which cvaporates more slowly) was used as the solvent, males were
attracted for as long as four weeks. (Fig. 4, experiments 3. 4, 5,
and 6.}  Althougl some of the atiractant is given off during the
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evaporation of the solvent, most of it is given off from the residun
after the solvent has evaporated. An example of this is shown
graphically by experiments 3, 4, and 3. in Figure 4. One ounce of
Benzene was used with 30 tips in experiment 3, 1 ounce of petrolenm
cther with 15 tips in cxperiment 4, und 1 ounce of petrolenm ether
with 10 tips in experiment 3.

In experiment 5 the extract was evaporated by the bottle method
and in experiments 3 and - by the can method.  All of the solvent
evaporated in less than one day in the case of experiments 4 and 6,
and in about two days in the cnse of experiment 3, 50 at least 80 per
cent of the totul catch was made by the residue. In experiment 5
the rate of evaporation was reduced so that all of the solution was
not evaporated until the sixth day. the catch after the sixth day being
made by the residue. Dy reducing the rate of evaporation in experi-
ment 5 the eatch was nearly equul to those in experiments + and 6,
and the period of catch slightly extended, although only 10 tips were
used in experiment 3, as compared to 15 in experiment 4. The slow
rate of volatilization of the attractant males necessary the exposing
of considerable surface in order to get a good catch of males. Tt 1s
also quite evident from the daily-catch charts for 1927 and 1925 that
when more than a few drops of oil was added to the solvent the rate
of evaporation of the attractant was so retarded as to greatly reduce
the cfliciency of the extract. These observations support the view
that the attractant is given off over a long period in the field by the
hydrolyzing agent of the air. Among compounds that can be
hydrolized ure esters, proteins. and fats.

It is possible that over half of the attractant is lost from the ex-
tract while the males are not flying, since under most optimum
weather conditions they are active for only about 9 hours out of 24
(9 2. m. to 6 p. m.). The most efficient means of liberating the at-
tracting substance, it such were possible, would be to have all of it
aiven ofl only during the time the males were active.

The promising resulis obtained in 1927 with tincture of civet, with
and without the addition of female fips, suggested the use of a quan-
tity of this material in 1928. Accordingly, civet, tincture of civet,
and a synthesized product similar to civet were tried. As the chemi-
eal formula of this last (according to the chemist through whom this
muterial was obtained) was not unlike that of oleic acid, many oils
of this nature were tested. It was hoped that seme substance might
be found near enough like the attracting substance to either attract
males without the addition of tips or increase the attraction when
added to extracts containing tips. However, in all of the tests with
civet and other compounds tested without the additien of female
abdominal tips, negative results were obtained.* .

A summary of the results from the more important experiments 1s
as follews: Four traps containing 35 tips each of 1-year-old material
in xylene caught an average of 1945 males, and five traps of fresh

werhe futlowing substunees, whicl guve poar 1o pegative resulig, weree exposed by them-
yelves ool tn mixtiees with virious other substuncees both with and without the ndditlon
of tips: Tinetore of civet, clvet, olule acid, vottienseed oll, auryl ocetate, batana oll, corn
ail, ethylonine, metbyloming, henzenitril, quinoline, plae oll, oil of eltropelln, catnip oil,
neetone, ehenp gusolibe, kerosene, coWs' eream and yeast, honey, egg alhumen, uric neid,
ann o mixtnte of all the neterluls Hsted above. A small guanotity of hydrochiorie acid,
nmmenium bydrate, walor, and cnlelum enrbonate were added scparately to varlous
substrners.
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material containing 15 tips caught an average of 361.5 males. TFour
traps with 30 Lips of 3- vear-old material in benzene caught an average
of 140 males, and four traps of the same pmpmtmns of I-year- ~old
material canght 1 av erage of 224 males. These 17 traps were put
out in an infestation known to be slightly heavier than that used for
the other tests. The solvent which gave best results for fresh ma-
terwnl in 1928 wag a mixture of onc-fourth ounce butyi acetate and
threc-fourths ounce of xylene, which caught 361 males, as against 350
caughi by the check trap for that vicinity, High-test gasoline was
the other ontstanding solvent when 13 tips were used in 1 ounce of
liguid. One trap of this strength caught 329 and the other 306 males
in 34 days. Apparently 15 tips of fresh material, or 25 to 30 tips
of 1-yenr-old material. per trap. is cconomically the best number for
use in lght or doubtful infestations. Three-fourths te 1 ounce of
solvent per Lrap has given betfer results generally than other
guantities.
EXPERTMENTS IN 1929

In 1929 the traps were put out by the can method, except where
otherwise indicated, in a very lightly infested area at Saugus. Fif-
teen female abdominal tips were uaed inn each case. Two tmps with
one-fourth ounce of butyl acetate in three-fourths ounce of xylene
caught 149 and 204 males, averaging 176.5. VWhen other propor-
tions were tried the cfliciency was Teduced, as in 1928. Three traps
with 1 ounce each of hwh test gasoline cnught 94, 190, and 203
males :enpectwe}v averaging 162. 5 males per tmp “heteas one trap
with 2 ounces caught only 93 males. Two traps with a “special ?
casoline caught 85 and 237 males, respectively, averaging 16l. The
gas'olme was cheaper than the other solvents. Two tr.lps with @ and 1
cunces of benzene caught 122 and 152 males, respectively. averaging
152, and five xyiene tmp.», with 1 ounce of xylene each c'mrrht an
avernge of 103 males. As the season began early and ended carly
not many moths were canght after JLurmst 153. Table 9 gives the
more important results of the 1929 extr act tests.

Taste h—MHore importand results of experiments wilth effractanis for the wmale
gipry moth, Sangus, Mass, 1929

T)nta;mt!' Tays | \Fales

“oivent mwedia ikl nod guantits - in ficld | 1o field ‘ mughl.

EA'r:nab(r Nunarher

Tigh-test masoline, 2ountes b .. ooooo. e e e Lo L Juiy 10 a7 .13
Ltloo. . 3 - t

Migh-test gasoline, Lol . . ooooienno o I e e e i a e Aduly 22 33 i
L — 35 203

Average., . e e e S SRR |
High-test gnsating, | gunee +boitle mcl!m(l e e e eemmea el Jnly 2§ E 33 26
A speeinl mator gaseline, Iotneeo Lol P § [ L |1 I i3 by
Hperud gasollne, Lovnee. .. Lol PR, .,..Jjué\ "ai 35 55
oy L+ I 35 43

A siow -Imirning zasoline, lmlnrl . . . eeees - UXag, IO_f is &
Aug. W 3 30

July 13 & T

Xylene, Lponee_ ., o . - O 111 L ] s o
July 231 H 134

J\li\ ""Jl il 161

AVEhit. . © e ewe - f mmmm e emmmsaiemaasaas jiesd

1
i
F15 tips or parts of abdomens of females wisd for each test excépt when stated olhierwiso.




32 TECHNICAL BULLETIN 336, U. S. DEPT, OF AGRICULTURE

Tants Q—Wore important resuits of experiments with attractants for the mule
gipsy motk, Saugus, Muss., 1920—Coutinued

5 P Date put| Days | Malos
Solvent medie (kind und gueatity) in feld |1 fald | canght

Number,Nuinber
Xyiene, 1 punce, st segment of abdomen . oo July 22 35 2
XNivlene, 1 onnee, lnst twa segments of sindowmen s 1 35 115
Xylene, | ounce, whole abdomen, oo e amas 33 04
Xyleno, 1 ounce, seeond and third segments [rom posterior end._.. - ___do._.__ 3 10
Henzent, 2 GUNCCS . o v eaerer—srmm e mmmer m e maa July 1% 37 122
Benzeno, { otnde. —— - R - rd 182
Banzene, } ounce (botile method) e e . 33 o
Rutyi scetate, one-fourth qunce, xylenoe, three-fourths ounee._. gi ﬁ};
Butyl scetate, one-hinlf eunce, xylens, one and cne-Dialf olgees .. 3 ]
Butyl neotnte, oae-eiphtl cunee, yylene, seven-ethths gUDSt .. oeeeees et July 24 31 Fi)
Hutyl pentate, one-lourih ounce, bonzene, three-fuurihs olince do 33 4t
Butsl ncuiate, ona-fourth ounce, lugh-test guschine, (hree-fourths sunee. ... VN . 1 - 3 £0
Apyt peelate, one-foniTln vinee, xylene, three-fourths ounee .. .. d..... 33 )
Qulnehine, 5 ¢ ¢ {hutlle mnethod) 1 PO 23 0
qulnulme, Secloan mathad)y Yo Lol xd il
Clvet, T g, oncolton T, - — 33 b
Ploeture of clvet, L ounee . e raanaaan .. . ) O
Tincture of eivel, ! ounce (1-yenr-old mnterinl) e o e e i EL 15
Cheek (pvoroge of three traps containing 34 living virgin femalesy ... .._i__..__._-- em——— 3i8

» Materbul In trap conlained o tips,

Twenty-one traps were put out in 1929 with material that had
been held in storage at an sverage temperature of about 2° C. for
one year. None of the traps made a good catch, and only one
caught a fair number {105) of males. The liquid portions consisted
of xylene, benzene, gasoline, aleshel, petrolewm ether, anhydrous
cther, acetone, pine oil, catnip oil, oil of citronella, and tincture of
civet, and contained from 15 to 30 abdominal tips per ounce. The
material had been put in quart jars, the tops fastened down on
rubber gaskets by clamps, and the jars kept in cold storage. A
considerable propertion of the rubbers were affected by the solvents,
andd the evaporation from the different jars ranged from 0 to 60 per
cent. The only liquids that did not undergo noticeable evaporation
were pine oil, eatnip oil; and oil of citronelln. It seems likely that
much of the attractive substance escaped from the jars in the same
way as did the solvents, hence reducing the cfficiency of the material.
Capping the containers with cork stoppers wrapped with tin foil
and sealed over the top with gelutine caps proved to be the best
appuarent remedy for preventing evaporation and leakage of gas
or attractive substance during storage.

An attempt was also made to reduce the possible loss due to
deterioration in storage by decanting the liquid from the tips and
storing it separately until ready for use in the field. When the tips
are left in the solvent it is possible that deterioration may result
from such impuritics as hair, excreta, fat, eggs, and chitin. When
fresh extract containing rubber stoppers or iron rust was put out
the attructant was apparently affected, as very few males were
caught,

RESULTS WITH VARIOUS ABSORBENT MATERIALS

Six experiments were conducted in 1929 to obtain mere data on
the value of different absorbents in holding and releasing the active
substance. (Good absorbents should cause as little deterioration as
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possible. The can method with 13 abdeminal tips was nsed in each
case. Cotton was used in two of the traps, with 1 ounce of xylene
as the solvent. In one case the cotton was packed tight in the can
and in 37 days 73 moths were caught, whereas 187 moths were caught
by the other trap with the cotton {oosely packed. (Traps 41 and
42, Table 10.)

Traps 76 and 77 contained, respectively, 1 onunce of benzene and 1
ounce of gasoline extract poured over washed woo!l, but most of the
solution (lnppcrl to the wround wid only 55 and 30 moths, respec-
tively, were caught in 30 d: ays. In trap 82 only one-half ounce of
gasoline was tried, and the wool allowed to soal in it overnight so
that no loss hy dripping occurred. This trap was put out Aun‘ust
9, after the period of maximum abundance of the moths. Tt re-
mained in the field 20 days and caught 189 males, which is a favor-
able record under adverse conditions.

Kieselguhr or infusorial earth. which is an inert powder with good
qualities as an absorbent und filter. was tried witll 1 ounce of gaso-
line extract.  The kieselmuhr was held in place in the inverted can
by a piece of cheeseeloth stretehed across the mouth of the can.
{Trap 83.} Like trap 82, this trap was put out (August 7) after
the maximum abuwndance of the moths had passed. The trap was
in the field 22 days and caught 114 males.  All except two of these
moths were mnwht in the first four days. As rain wet the material
through the cheesecloth within a few days after the experiment was
begun. it is possible that i¢ cut down the period of catch and inet-
dentally the total eatch. The resilts of these experiments are not
final, hut they indicrie possibilities of finding o good absorbent by
toatmn‘ the value of various kinds and quantities of absorbent mate-
rinl.  The results are given in Fable 10

Tavre 10——T'ests of absorbent mtalerials for holding crtraclts atiractive to the
miale gipsy moth, 1029

e, My
boSubvent medin 'rap I)nle ;:ut Tays . . Alnles
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]f h \- ] mhtri i RY umbr‘n Number
. o . 11 8| July 4 a7 i T'acked tightly fn can. ]
Cottan. . Xylene, 1 ounee... ] -|zj §lido. 1 371 Packedlocvely lncanl| 187
Benzene, ntmce.,1 Vb 4 uly dn 80 ‘;\‘imrily all ;Jf £wluttllrm 55
H H : rippes L] 1]
: ! H | ground. '
ITigh-test posetine, T 3. | Wl [ S, 30
st W 4 Lounes . : ! i . ;
Washed woal. o o, u-mnsuhm, I 6 dug 0 20 | Fxtraet pourer in can, 199
L ounee. | i i covercd and allowed
. ; b ; 1 to sonk for one day
: : i | hefora putting out.
. o L : ; _ Tulout lates,
Kleselgulr  held © High-isst gasoline, 3 4 Ay, 7 22 Caught 10% moths in 10
in can Iy 1 ounee, . : F four days. Tut out
cheeseelath. : : ¢ late, Very faw |

maths Nykng,

TEST OF AGE OF FEMALES

Light traps put ont in 1929 with extracts from females of various
e !.lt-ldod results that were interesting though subject to some
uncerfainty vwing to the small number of tests.  Bxperiments were
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conducted with abdominal tips elippd when the females were 1,3, and
6 days old, one trap with tips from dead females 10 days old, and one
with tips from female pupre. The tips were lett in the solvents from
four to seven days. No males were caught when tips from pupae or
from femnles that had died naturally from old age were used. Of
the other tests, extracts prepaved from females 1 day old caught
an average of 49 males, that from 3-day-old moths caught an average
of 143.5 males, thot from G-day-olkl moths caught an average of
230.5 males. These results indieate that inerveased age, up to a
certain point, greatly increased the amount of the attractive substance
stored up in the females. The gasoline extract caught slightly more
moths in each of the three instances than did the xylene extract. The
three traps containing xylene caught a total of 403 males during the
season, while the same number of traps containing high-test gasoline
extract caught 443 males in a period several days shorter. The
results are given in Table 11,

In 1931, 38 Lraps were pub oub with extracts from females that had
just emerged. The vesults from these traps were compared with
those from more than 38 traps containing extracts from females 2 to
§ days old.  In all cases extruct from females 1 to 4 days old caught
at feast 10 thmes as many males as extract from females that had
just emerged when their tips were removed.

Tapre 11—Tesls of cxtract prepured from abdominad fips of feniales of
rarions uyes, 18249

. y Trnte put - Days | Age of L Aloles
1 I .
solvent media ‘ it Mieled - in fiedd flemnies? cnupht
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Xylenw oo ... 10 3 149
1Eih-Lost grsotine 34 k9 4%
.‘{i'Ic:m ........ 33 G din
1EgheLeat wasolh =3 U P21

U0 teannde ths I 1 ouaca of solvent yusetd in ench of thosa tests,
T g were ol in Lhis test,

In 1930 several traps were put out with extract from females that
hud Just emerged. A few of these traps eaught ne males, and none
of the others caught more than o few. Several other experiments to
determine the offect of age of virgin females indicated that the
amounnt of attractant in the femaleg increased for at least one day.
Tt was Tound best not to keep them more than fonr duys, as atfter
that they began to die.

Tt is interesting that females seldom, if ever, mate twice or attract
males after onee mating, whereas virgin females aflovd stroug at-
traction for males as long as they Hive, ‘Fwenty femules were caged
ad records made of the daily eately nnd thoe of death. The last
female to die lived L7 days and atteacted males until death. A trap
with extract rom feinales that had just mated cawght 120 wales,
whereas 2 frap of similar exbract from femnles that had not muted
catight 233 muales. .\ trap with extract from females that had mated
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and laid cggs two days prior to the removal of their tips caught
only 30 males, but extract from females that had mated from tour
to seven days previous to the removal of their tips caught no males.
Extract from virgin females, twe to six days old, caught many
males, and an extract contuining 15 female tips and 15 male tips
caught 239 males, whereas an extract containing 15 male tips alone
catight none. '

RESULTS OF OTHER TESTS AT SAUGUS, MASS.

In 1930, 25 traps of 1929 material that had been held In cold
storage for one year, and 97 traps of fresh 1930 material were put
out. These traps caught a total of 11,624 mules. The results from
the more important solvents held in storage are given in Table 12.
Observations indicated that extracts of tips of females that were
less than 12 hours old did not give good results, but one trap con-
taining only 13 tips in xylene from females approximately 2% hours
old caught 214 males, which is about equal to the catch with fresh
(1930) material. Six traps containing tips from females less than
12 hours old in high-test gasoline caught an average of only 8 males.
It is not known whether this result was due to the females not being
old enough at the time the tips were removed or fo a lack of sta-
bility of the attractant in this solvent under the cold-storage condi-
tions. The storage containers were sealed with cork stoppers
wrapped in tin foil and covered with gelatin caps, and no noticeable
loss of extract by evaporation could be obser\'c({).

Tanrs 12.-~~Tesls of atiracieat sualcrial that hasd been held in cold storage for
one your, Saugus, Muss., 1930
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In the fests made at the same time with the fresh material the
females from which the tips were obluined were at least one day
old but not over four days old. Each trap contained 13 tips in 1
ounce ol volvent, and all were put out under pri-iically identieal
conditions.

The results of these tests are as follows: Fwo traps with gavo-
line from the Texas oil ficlds as a selvent canght an average of
299 pmles; two traps with o speeial motor gasoline canght an
aversge of 234 mualex; and six traps with a high-test airplane gaso-
line ® canght an averuge of 24) males.  One trap with toluene as

™ Ay fhe gistilinbion peinls of 1ots of the saane bramd of gasolioe wee apt (o vary, It
g Deen Lhie proetlee doefog the last twe years to purchase woe ore ibree 25 kion
spmplen from llfferent lely, aml any o of these proving to be o sol sobvent will
taenish a supphy sollieisnt for sovernd yeerd,
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the solvent caught 245 males; eight traps with xylene as the solvent
caunght an average of 196 males; and two traps with benzene as the
solvent caught an average of 152 males. Two check traps, with
approximately 30 living females each, caught an average of 494.5
males.

Iu one experiment the genitalia and tissue immediately sur-
rounding the opening of the copulatory pouch and oviduct of 15
females was put out in one trap, and the last three abdominal seg-
ments of the same females without the tissue used in the trap just
mentioned put out in ancther trap. The former trap caught 279
males and the iatter 20.

As in previous years the {raps of 1931 were spaced 100 to 200 feet
apart along trails in n forest area of approximately G0 acres.
One hundred and fifty-one traps were put out. or about one trap to 4
acres. A total of 7,833 males were caught, an average of 51.87 per
trap, or about 13 per uere. The infestation was extremely light, for
only two egg clusters were seen during the daily visits to the traps,
and two men collecting for three hours were able to find only 12
pupae (11 maleand 1female). The fact that more male than female
zipsy moths reach the adult stage in the ficld makes it easier to
locate infestations by trapping than if the reverse were true.

In 1931 n double-funnel or double cone-shaped trap was devised.
It turns easily on an axis in such a way as to hold the point of one
cone toward the wind, and the other cone in the opposite divection.
About 99 per cent of the mules trapped were caught by the cone with
the point toward the wind.

OBTAINING FEMALE ABDOMINAL TIP MATERIAL

The development of methods that will permit the coverame of a
greater area with traps, and at a lower cost, is an important research
problem. There are two methods of attack: One is improving the
quality of the extracts and methods of exposing in the field so that
the traps will be more dependable and so that a given amount of
material can be made to cover a greater area. This requires the dis-
covery nnd use of the best solvents. elipping the tips when the females
reach the age at which they yield the greatest quantity of attractive
substance, prevention of evaporation and deterioration in storage.
and the development of better traps.  The other is obfaining a larger
munber of female moths, which may be accomplished Ly either one
or by both of two ways, L. e, by improving collecting methods and
inereasing the collecting force, or by increasing the percentage of
emergence {rom the pupne collected. "Table 13 shows that 945314
pupae collected yiclded only 148,965 moths, which is an issuance of
15.8 per cent, or about 1 moth for each § pupae. This mortality of
SEZ per cont was due to disease, parasites, and to unknown causes.
Considerable loss results from handling Inrge amounts of materinl.
If by improved handling methods the ratio of issuance could be in-
creased o 2 moths for each 6 pupne, instead of 1 out of 6, it s at once
obvious that the area fo be covered could be doubled. During some
vears the pupuae were collected in smatl shailow boxes and teansported
to o ceatral colleeting station where they were spread out in thin
fayers on (he floor (fig. 3} or in trays {(fig. 6), and the female ab-
dominal tipg clipped daily as the moths issued. The amount of
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available material varies from year to year owing to natural control
factors and facilities for collecting.

TarLe 13.—Data on collection of femuale pupwe and the number of moths
ablained

fear | c;m:{:?gd Moths issuing Remnarks

Number Nmnbcr‘ Fer cent
40, 800 30, 020
225, 075 24, 500
s 70, 450 24, {60
W ... 1 300,000 66, 976

045,318 | 148,065 f 1

.1 | Collested by 8 men working 19 days,

1 g Collected by 8 mien in 21 days,

R P R e Tt AR E e e
B

B

Total._..

™

1 In 1024 n Lotal of 34,840 mioths were obtained; but as the exnct number of pupae from which thess issued
#n3 not recordel, they hinve not been inciuded In the tabulations.

In 1929 a small box, with two sliding drawers that were divided
into many small partitions in which the pupae were placed, was used
for collecting. An inereased percentage of emergence was obtained,

|_.-f- i

Fravne 5. —Feimale glpsy-moth pupne spread out on exnvas. As thi moths igsuel and
crawled np the cinves siles (hey were plcked off and the tips of their abdomens
removed

bub this value was offset by the fact that the rate of colloeting was
reduced. In 1931 the method of collecting and rearing pupac was
greatly improved, and many more mothy were obtained then than
in previous years. The pupae wers carefully removed from the
trees und placed between thin layers of cotton batting in the trays of
collecting boxes, aud carried to a ventilated room of neur-cellar tem-
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peratnre ranuing from G 1o 70 K. elose to the collecting point.
where they were LransFered o the cotton layvers to Invge, coarse, wire
cerpeatd Crays supported by laree ruek-. By this wiethod of liawdling.
the prtpae were allowed (o hecome entangled o and attoched to the

E—
it

.

- 'PI
= 3t SR

T

Tk e B omade s fmtafh pupoe spood ol o eonese wie
oot s e Frettaaned atid canied o e eergine, CPhe twa baxes at the bodtom
CE TN RLek coodetabinn et oeartd ute il Boevae of Sl jaressioe Sfaraie pidicele
Bowmaes tabe asd coe o aved gl dater peiseiesd (o e feld

o aepvenedd frays,  Whe

cotton Hbors in muelt the ~same mapner as they were found naturally
on the tree, FPhe lavers of cotlon abso helped to prevent injury by
erushing, By having the rearing place at or near {within 3 miles of}
the point of collection, injury by teansporting bulk collections long
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distances (as 60 miles or more) wus rednced to a minimum, and the
cool rovm used for rearing prevented loss by hot, dry air. The
females were counted and held for one to two davs before their tips
were removed,

Other collections of pupae were made as follows, and transported
for nbout 60 miles by trmek te the Melrose Highlands, Mass., labora-
tory and placed in a shaded screened eage: 2,173 on cotton luyers as
described above, 3,560 on sawdust, 3.500 on cotton in a pactitioned
box similar to un egg crate, and 1550 on wool layers. Because of
improved methods of handiing, a good jssuance was obtained in all
cases.  The percentages of pupae giving moths were as follows: On
sawilust 38, on cotton 42, on wool 30, and on cotton in the partitioned
crale 52, Only 11 per cent of the pupae had become moths in 1930,
owing to a greater mortality from parasites und disease than in 1931,
and to imperfections in the handling methods which were eliminated
in 1031,

One thousand nearly matnre female larvae were collected in 1931
and fed ol leaves uotil they pupated.  Although considerable wilt
disense developed, an issuance of 19 per cent was obtained.

The following figures will show the quantity of material needed to
cover a given arex in case it were advisable to use attractants on a
large seale: Tn 1928 eight men collected 300,000 female pupae in 21
days, from which 66,976 moths issued as available abdominal-tip
material.  This made enough extract for 2233 traps at 30 tips per
trap, or 4465 traps ab 15 tips per trap. As the average town has
about 70 miies of road, this amount of extract would cover 8 towns,
if ©30-tip ” strength were used in traps one-fourth mile apart. If
“la-tip ™ strength were emploved, 16 towns could be covered. and
still larger areas by putting the traps farther apart. In all towns,
however, there ave large urcas with Jittle or no tree growth so that
the possible infested aren that could be covered is greater than is
represented by the above ficures.

USE OF EXTRACTES TO LOCATE NEW INFESTATIONS IN NEW
ENGLAXND

A varying number of extract traps were put out in New England
at or near the quarantine line each year from 1923 to 1929. Those
pub out in 1923, 1924, and 1825 gave very poor results. In Tlssex.
Vt, only one male was attracted in 1924, and in Sheftield, Mass., only
onein 1923, Ina few cases infestations existed within one-half mile
of traps that attracted no males. A small quantity of vaseline was
added to the benzene extract in 1923 to prevent the solution from
evaporating so rapidly, but this proved detrimental. Better results
were securerd as improvements of the extracts were made, and in 1926
a large number of traps were put out.  The numbers of males caught
are shown in Table 1.k,
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TapLe 14—Summary of cetches ai eztract traps al or near the New England
quarantine line, 1926

Egr masses
fonzncd
Laeatian Solvent

old New

(Number| Nunther
Muorfolk, Conn 1

g
3
=
g

North Cogenn, Conn 25

1
BhefMeld, Maoss

Bondisfeld, Mass ..., A reasaiaieasemm————

Barkhamstead, Conn

;M RNSERPEOR~OROREoR D

Canton, Conn__.._.__...

—_
=)

}X ylene

.do..
Gragby, Conn

1
OO0 oo

Caolebrock, Conflecocan...a..

Simsbury, GOt e eacecr e

o B R e b e ek e D D

Table 14 shows that both positive and negative results were secured,
Twenty-three traps that were within 1 mile of infestations attracted
1 or more males, whereas 21 traps within similar distance from in-
festations did not catch males. At many traps catclies of from 1 to
16 males were made, and subsequent scouting revealed infestations
of one or more newly deposited egg masses. The larger catches of
8,10, and 16 males, respectively, per trap were made in Granby and
Canton, Conn,, where the infestations were one-half mile, or less,
distant. The cages were not attended daily, and the males were re-
moved at the end of the season; consequently no relation could be
observed between the catches and the prevailing winds to determine
why several of them did not attract. It is possible that alternate-
yenr changing of the trap locations in each vicinity might take care
of much of this variation.
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USE OF EXTRACTS IN NEW JERSEY

In 1920, when the gipsy moth was first found in New Jersey, 21
traps containing extract of abdominal tips of females were put out
near the center of the original colony and a few miles distant. This
was done to ascertain whether this method would be of help in locat-
ing new colonies.

Materinl preserved in 1917 and 1919 in 95 per cent alcohol or in
petroleum ether was nsed. Strong dosages were used, ranging from
2 to 4 teaspoonfuls of extruct, representing from 215 to 479 abdominal
tips, which proved to be more than was necessary. A total of 85
males were caught in 14 of the 21 traps. Tiwo of the traps contain-
ing nleoholic extract attracted 18 and 23 males, respectively. These
held a higher concentration, however, than the contents of those of
petrolenm ether, the best of which attracted seven males. Subsequent
scouting showed that there were scattered gipsy-moth colonies
throughout the section where the traps were put out, and in some
cases a colony within a few hundred feet of the trap.

"The object of the campaign against the gipsy moth in New Jersey
was to exterminate the insect. The material used in these traps
was necessavily collected and preserved in New England the summer
previous to its use in. New Jersey, as the season is earlier in New
Jersey. The abdominal tips were later preserved in gasoline, xylene,
and henzene, which were found to be the better solvents. The 1-
year-old material was used at the rate of 80 to 40 female abdominal
tips per trap.

The field scouting in New Jersey was very carefully done each year,
and the scouting in 1924-25 resulted in the finding of some colonies
in the vicinity of traps that did not attract any males in the summer
of 1924, The following statements give the results of the scouting
about these traps and the solvents used :

Hillsboro, Infestation of 10 new cgr masses found in Franklin Townsghip,
five-cighths mile from cage containing benzene and crushed tips,

Sonth Brunswick Township. Infestation of 35 egr asses found one-

eighth mile from cage contnining gaseline and unerushed tips. Infestation of

three new egg masses found five-eizhths mile from cage with benzene and
crushed tips,

Dridgewater Township. Infestnation of one new egg masg found seven.-six-
tecnths mile from cage with bonzene and uncrushed tips. Another cage coh-
fuining gasoline aud crashed tips was slso loeated seven-sixteenths mile from
the above infestiution. Infestation of one erp mass found 100 and 150 feat
from two cuges conigining gasoline and crushod tips.

The results of the above attempts were all negative, and it is im-
possible to explain this satisfactorily unless it was due to the de-
terioration and evaporation of the extract in storage and in transit.
Improvement of extracts and methods in general have been made,
#nd more encouraging results were obiained in New Jersey with the
1926 experiments, as is shown by Table 15.
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Tapre 15.—Resultz of experiments wiih benzene esirecia lo ativact male gipsy
maths in New Jersey, 1926

Egg masses found X
Distonce Males

of nearest
cnught
old New cage

MNumber | Wimb

3

Number

=8
=
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| e
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(=1

‘Totul....
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|
=

! Angther noarer cage filed to atérast,
7 Two niearer cages (wiled Co atiract,
1 At cage.

Table 15 shows that 14 males were caught. This information
proved of considerable value to the eradication project, especially
since three traps located in parts of the townships of Bridgewater,
Bernard, and Warren, which recent records had indicated were free
of the gipsy moth, attracted one male each. A catch of three males
in a heavily wooded locality indicated the presence of one or more
infestations in the neighborhood. Some special scouting was
done, and a colony of 33 old and 88 new egg masses was found with-
in 134 miles of the traps attracting. Instead of being left to fur-
ther reproduce until plans for scouting materialized, the colony was
immediately treated, and then sprayed in 1927. Other colonies were
also found nearer than this to the attracting cages, as shown in the
table. Some of the traps did not catch any males, and no colonies
were found in these localities. Since 1927 very few colonies have
beenddiscovered in New Jersey, and in 1930 and 1931 none were
found.

SUMMARY

Male gipsy moths are strongly attracted to living virgin females.
A scent s given off from the vicinity of the copulatory-pouch
opening and is sensed by the male through its antennae.

Some males fly as far as 2.38 miles, but usually the distance of
flight is much shorter; and catches of males are seldom made at traps
over one-half mile distant from a colony. The percentage of released
males recovered iz dependent upon a number of factors, such as dis-
tance, wind, temperature, and topography.

Certain extracts made from the region of the female genitalia
attract males, for the attractant is soluble in a number of fat solv-
ents, as ether, benzene, xylene, and gasoline. None of the atiractant
was found in glands of the repreductive system internally, although
in the vicinity of the copulatory-pouch opening setae and pores
peculiar to this region were found, and it is possible that the attract-
ant arises here, for extracts of this portion of body-wall tissue at-
tractod many males. The attractant is of a complex fatty nature,
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and is saturated. When exposed, it is active for several weeks, a
period equivalent to the flight season of the males—owing to the
continuous generation of the attractive compound by hydrolysis.
It is fairly stable under present stordge methods, and from two-fifths
to three-fifths of its value is retained at the end of one year.

At the moment the female emerges little attractant can be ex-
tracted, but the quantity rapidly increases thereafter for at Jeast one
day. Virgin females attract males as long as they live, but females
that have mated generally do not attract them. Although consid-
erable of the attractant may be extracted from females soon after
they have mated, the quantity rapidly decreases.

The percentagn of female moths obtained from bulk pupal col-
lections was greatly increased by placing the pupae between thin
layers of cotton or wool batting m pertitioned collecting boxes, and
then transferring them to a ventilated room of moist air ai a
temperature of 60° to 75° F. The room should be located near the
point of collection to prevent injury in transporting them long dis-
stances. ‘The best results were obtained when the moths were al-
lowed to age for two days before the tips were removed.

Results indicate that the practical value of extract traps may be
improved further by (1) increasing the number and proportion of
female moths obtained from available pupae, (2) removing the
female abdominal tips at the age when they yield the greatest
quantity of the attractive substance, (3) improving the extracts, (4)
preventing deterioration in storage, and (5) determining the best
method and best absorbent material for exposing the extracts in
the field.

The use of an extract in the traps instead of living females has
the following advantages: (1) The extract can be preserved for one
or more years and be available for use in newly infested localities
where the season is earlier than in the place from which living fe-
males would have to be obtained, (2) it is not necessary to visit the
traps except to put them out and remove them at the end of the
season, and (3) the danger of starting new infestations is eliminated.

Some new and important infestations in the border of the infested
territory and in New Jersey were discovered by the use of traps con-
taining extracts of female abdominal tips.
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