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_ INTRODUCTION
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The spraying of spruce budworm moths for population comntrol -
was tested in New Brunswick in 1972 This was a joint research project‘
Lo
involving Forest Protection Limited and the Maritimes Forest Research

.= ~

Centre (Miller et al. 1973). One way of assessing the effect of a
spray program against a moth population is through comparative measure—
: . A B . %

ment of the local flight activity before and after spray applications

and flight activity within a spray versus a non-spray control area.
Techniques for measuring flight activity are readily derived from an

understanding of the basic flight patterns of the Spruce budworm. The

. ; s : s T

assessment of a spray program would not be complete however without

L I’
consideration of the dispersal qualities of the budworm which are such

S
(Y

that areas of. several hundred square miles of almost budworm—free for-
est may be severely damaéed\the-year following invasion by moths from .
neighboring infestations. lhis‘report describes recently acquired
knowledge of.the ;pruce budworm dispersal process.

Dispersal isra process which 1eads to the displacement and
redistribution of populations in space. The direction of lateral disf
placement &; sprdce budworm moths is controlled by wind. Dispersal

-

begins with local flight activity and while the flight pattern of fe—i

male budworm is adapted to expose the population to wind-directed

R -~

dispersal the flight pattern of male budworm is adapted to maintain

local populations. o

. " s o
First, the flight patterns of male and female budworm will be
described and those factors identified which lead to the presence or

-

absence of moths available for dispersal. These observations on local
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fliéht aqtivitylwere made from platforms erected ahove-the forest can-
opy. Secondly, the Behavior of moths involved in fhe aerial part of
the disﬁersal process will be described and tﬂosé facéors:will be iden-
tified which deterﬁine the average distance ira?élled by dispersing |
~moths. These observations on moths in the airSpace‘were made from a
helicopter;and a twin-engine airéraft. Finally, the efficiency of the

spray program against an adult budworm population will be assessed and

recommendations made for future spray programs.

LOCAL MOTH ACTIVITY

In@éstigations on the flight paéterns of male and female bud-
worm ﬁoth have continued over the past three summe;s at the Acadia For;
est.ExperimentaIIStation, near Fredericton. Flight activity was aléo
measured during one summer at each of four other locations, Baisley
Depot and Green River in northwestern New Brunswick, and at Dunphy-
spray and control plots in eastern New Brunswick (Iaﬁle 1). At all
locations, observations were made from platforms erecteﬁ at the tap
of metal scaffolding which projeéted 10 feet above fhe canopies. db—
sefvations usually began in the afternoon, but én 24 days they began.
before 0800 h. ObserQations on ali days continued until darkness,
2200 h, which was one ﬁouf after sunset. |

The platform at Acadia Qas equipped with megeoroldgical in-
struments to fecord]air temperature, wind speed, wind direction, and
turbulence., These instruments were located at two heights, 45 feet
or the tob of the canopy, and at 65 feet. The reéords are now being

analysed along with measurements of light intensiﬁy to determine flight

thresholds.



Male Flight Activity

o Typically, male moths Ruzz around, the crown periphery usually
within a few inches of the branch tips. With gusts of wind greater
than six mph, the mbths imﬁedigtg;y dartlinfo the foliage ana resume
flighg only wheﬁ the wind calms. Thiéhflight behavior appears to be
direcfed towards locating females. W@en within the crbwn,‘the moths
mo?e over thé foliage with wings beating rapidly, a behavior pattern
of sexuaily excited males (Sagdégg 1971) .. ﬁa}e:moths occasionally fly
frég tree go.tree. These flights fpl}ow a spiral course with rapid

-

changes in both direction and height. \ ;
. ' Lo 4 .

Male moth acfivity wasﬂmeasured‘gvéry 15 minutes from the.
obse;vafién platfdrms.. At each check, 10 instantaneous estimates were
made of Ehe nqmber‘of males Pq;zing a;oggd the top six feet of a bal-
sam fir crown. Male moths do not ﬁly in the early morning, 0500 to
0700 h. - The number Flyi;g incr;ases from 0700 to 1000 h with flight
ac;i;ity rémaining;;1atiyely'conffant from 1000 to 1900 h. Males

F

are most active in the evening when light intensity is decreasing and -
winds ;re relativeiy gglm. Peak male flight activity is just prior to
s;nset Qhereés from ZiOO to 2200 h flight activity decreases. Flight
i,

activity as measured in activity chambers (Edwards 1962) and catches
made by traps encaging virgin female§ (Greenbank 1963, Sanders 1971)
have showﬁ that male moth activity gogp}npes until about midnight and
then dimisheé rapidly to zero at daw?.

The fiight patterns of male mQEhs are adapted to maintain
local p;pulacio;s. Buzzing males and males flying from tree to.tree

usually remain in the relatively still air of the frictional zone of

the canopy. ﬁispetsal out of a forest stand is dependent upon moths
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crossing this boundary layer, which on most evenings'extendeLZO to 60
feet above ‘the‘canopy, eﬁd”EHtéring'thebfree‘circulating aixr of the

atmosphere*above. The*flight patterns pf:maie moths are not adapted
N % " ' T 3 B et : )
to expose them to wind-directed emigration and the occurrence of males

in the airspace is considered accidental oru -iﬁci'dehtal even tho_ugh_
. o i s . - 4 :
on some evenings large numbers of male moths may become involved in

Al

the dispersal process.’
3

v

During the 194941957 pddworm odtbteak.in nortﬁern New Brunef
wick, epeétacular:budworm dispefsel was viewedvon two eveniegs fro;‘i
the top of a 80-foot fire tower located on the height of land (Green;“
bank, 1954). Counts of moths being blown past the tower increased
from 1800 h to darkness when further observations were impossible _

Up to 100 budworm moths per minute were counted passing the deé; o;
July 17, 1952, and 1000 moths per minute on July 21, 1953 Higﬁér den—
sities could be seen through binoculars above the tower.' Tﬁe sex ratio
of moths trapped’in nets at the 80-foot heightzshoﬁedAthat females

. 1 L 4 ]
predominated in these flights; 92% females in 1952 and 77% in 1953.

Nevertheless, millions of males were being dispersed on these two even—

P - P 3

ings which had clear sky'conditions'aﬁddunusually etfng surface
winds gusting'to 20 mph.

| L Massfinvesions of spruce budworm moths heve peen associated
with the passage’ of cold fronts and Henson (1951) has concluded that
pre-frontal thunderstorﬁs are responsible fo} thetinitiation,of messv
flights ‘Females' have dsually predominated in these-;dvasions but

' the sex ratio has been highly variable, ranging from 687% males in one

invasion (Greenbank, 1950) to 904~females in another (Personal com—

i
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ngnicetion, C.A. Millerj.F Male moth activity clearly incregsee with

the approech'of airmass and pre-frontal etormvcells; activity counts , -
increasing,l.q‘end 3.3 fold on two evenings when convective storms
apprgached<one>of'the‘observatiqn platforms. ; However,.male noths being
swept aloft by the strong ypdrafts associated with»storm cells, and. the
actual exodus of neles out of a forest stand has so far gone undetected.
This mey be due to the ngturel reluctance of observers to man -the plats

forms during electrical storms. . y

Female Flight Activity

Female moths remain sedentary on the foliage throughout most
“ R ¥ )
of the day. They never buzz around the tree crowns and if disturbed
by buzzing males they»make a strgight direCt flight to gnother branch
’ : vk L7 - e ot .

or enother tree.

Female moths become active in the evening when 1ight inten—

«

sity 1s decreasing. Theirlflight behaV1or is functionally adapted to
displace the nooulation by wind. 'It begins with an abrupt take-off '
.from therbranch a ;teep clinb to varyingqheightsldepending upon then
depth of the boundary layer and terminates with wind directed dis- ’

persal out of the stand. At the top of the boundary 1ayer the flightA
‘orientation of moths changes markedly from almost vertical to a shal:
low—angled,rwind-directed Cl%@b:lh’ - |
i"Femf.llé“moth activity.was measured every-lS minutes, with
counts being made over‘a two—minute period’of the number‘of females
taking—off from a cluster of 10 trees, climbing steeply, and em;grat—

ing out of a stand.' Of those females that take off on a typical
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day, that is, a day without‘éonvecgive storms, 2% have departed by 1800
h, 4% by 1900 h, 25% by 2000 h, and 83% by 2100 h. Peak exodus appears
to be around sunset after which time the number taking—off decreases.
Light intensity decreases rapidly with the approach of cumulo-nimbus
clouds and, ‘on afternoons when convective storms are in the area, e#é
odus flights begin earlier. However, the total number of females
dispersing .out of a stand is not significaﬁtly greater on days with
conve;tive storms.

The effect of light intensity on female moth activity was
well demonstrated at Acadia on July 10, 1972 when a partial eclipse
(95%) of the sun occurred at 1735 h. Two-minute counts of the
number of females taking-off and crossing the boundary layer were made
every 15 minutes, and of the 183 females that took-off from the crowns

of‘ten trees, 137 had departed by 1800 h. In contrast, the average s
departure of females by 1800 h was 2.57% in 1972. The daily flight
curve of females was thus advanced about one hour on July 10, in
agsociation with the earlier-than-usual a;crease in light intensity.
Also, on July 10, female flight activity ceased one hour earlier than
usual because of the depletion of the female moth population which on
that day was available for dispersal (Table 2).

At Acadia, one hundred and thirty-nine mbths,haye béen trap-
ped while crossing the boﬁndary layer in their steep climb. All were
females and these, when placed on foliage, laid an average of 53 eggs
with a ranée from 0 to 141. The mean number of eggs laid by gravid
females collé;ted from the same stand was 110. The number of sperma-

tophores found on dissection of the trappéd females showed all had

mated at least once, and a few three times (Tahlé 3).
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l.MOTH ACTiVITY IN. THE AIRSPACE

7 Fiights in a Bell G2.hélicoptét:were made: on nine even--
ingsvto sample budworm moths in the airspace. In order to relate
aeriél dénsity to the number of exodus flights reported at. the plat-
form at Acadia, the airspace was considered a column of air  extend-
ing above the observation platform. Thg-sampling procedure was to
make two-minute flights intp the wind,.éach.flight:terminating.ét
the platform, and to count the number of moths seen thrqugh.a\3 x 6
foot frame withinrthe helicopter. Helicoptér flight runs were made at
different altitudes up to 1500 feet. They.began. in the early evening
and- continued until 2130 h; flight:regqlations.prohibit helicopters:
flying after dark..

Although each moth is seen. from the ﬁelicopter only for an
instant, it is readily counted and its wing movements are particularly
evident, showing that dispersing moths cannot be considered inert,
windswept bodies. Confusion with other species of moths has not.been
a problem.. Of the hundredé of moths that: hit the plexiglass dome,
all wefe.identified as gspruce budworm. Examination of the carcasses
showedAthat females far outnumbered m#les in the airspace on all
nights except July 9, 1972, the only sampling night when convective-
storms were in the area (Tdble 4).

Counts of budworm moths made from a helicopter on nine even-
"ings provide the following information on the vertical distribution and
the vertical rate of exchange of moths in the airspace. Counts for
July 12, 1971, an évening with clear skies, are presented as an example
(Table 5). Observers on the platform report. that no motlis are seen in

the airspace, prior to the female exodus flights. Early in the evening the
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moths are conceﬁtrated‘at 1ow‘alkitudes, and a profile Bf aerial density
decreasing with altitude éontinues until about. peak take-off time. Sub-l
-'sequently, the frequency of exodus flights decreases and the aerial |
density profile. gradually reverses, with its form at any hour being de-
pendent upon the vertical rate of ekchange of those moths already air-
" borne. Sometime between darkness and dawn, the moths begin to descend
and a profile of density decreasing with altitude must be re-establish-
ed. Helicopter flights at dawn, 0500 h, have shown no moths in the
airspace.

Flights in the Piper Aztec aircraft were to have been made
hourly throughout the night of July 12, 1972, to determine the rate at
which the moths settle out of the alrspace. Unfortunately, this pro-
gram had to be cancelled after the first flight, 2300 h, because of
the health of the pilot. The aircraft flew at 120 mph, twice tﬁe
speed of the helicopter, and budworm moths seen in the landing light
beam were counted on one-minute flight runs (Table 6). This profile
of the vertical distribution of moths can not be interpréted by'itself
~and it is not known whether the mpths had begun to settle by 230Q h..

In the absence oflconvection, the upper 1limit to which moths.
will ascend,can be determined by air temperature. *If a moth is cooled
below the minimum flight temperature it will fold its wings and in the
absence of vertical currents must begin to fall regardless of the speed
of the horizonta} wind. While no moths were seen at 4000 feet, 64°F.
can not be considered the minimum flight temperature of ﬁhe spruce bud-
worm (Table 6). Male and female budworm have been seen flying at 48°F.

"The distance that moths travel in a night can he computed
from the average number of hours they remain airborne, the mean height

of flight, and the mean wind speed at this height during the flight per-
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iod. Peak take-off time is 2100'h. *Moths are ‘abundant in the air-' '~
space'ét 2300°h, bhéfeas.ﬂo“mpthsﬁéfe’flying'at10500‘HJA*Thé best
estimate of the number of hours'tﬁét!mdths.ére'airborﬂé thus ranges °: °
from ‘about 3 to.7.'” Mean height'of'flight isiéétimated'at%about : :-é
1000 feet. Wind speeds at this height have been measured;dufing o
sampling flights and have ranged from 10 te 15 mph’at 2100 h, lb toiJii‘r

12 mph at” 2300-h, ‘and 6 mph at 0500 h': -Average wind speed is thus »

- estimated at about®10 mph. ' Provided wind direction does not change” .«

3w

during the:period of flight, the lateral distance~travelled by bud- =

worm moths in a night is from 30 to 70 miles. * - & R
EYE T ot e o= B r o8 =} St L Sy
A CAUSES OF FEMALE MOTH DISPERSAL "~ = T ‘. = -

T

- "New Brunswick studies on spruce budworm moth activity and’
dispersal have ‘shown that:-' - °.$‘_7' P S R e B I T
a)  Virgin females do not fly and that mated femaiesldd not fly‘until

they‘have laid a portion of their egg complement: <~ && . 1 o

'b) 'The flight behavior ‘of females-is adapted‘to displace them away

from their birthplace to other oviposition sites. In contrast, the
typical flight behavior of males is adapted to maintain populations at .-

theirrbirthplaéet" Dispersal of males occur accidentally or incidentally

but not adaptively. - ' ' ‘ T RS T

" Two opposing hypotheses'can‘be presented to explain why female

budworm disperse. - - - ° - o : oo

1. " Dispersal is a primary function-of the female ‘and occurs regardless
of ﬁb%ﬁiation size and conditions at the habitat. - IR

2.“:Diépérsél‘is'a*respohse to adversity, with population density and. .
behavior functions-béiﬁg‘ﬁﬁe factors which-lead to the presence or

absence of moths being available for dispersal.
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Studies in New Brunswick have éupported the second hypothesis.

Moth -activity has been studied at different stands and in
differenﬁ years. For each of seven blot/year combinations, statis- ;.
tics are provided dh the number of.female moths seen emigrating.from ;.
the crowns of 10 trees, on currént_défoliation,_and resident female
populatiohs on ‘these 10 trees (Table 7). Female exodus flights have.
been observed at all plots except at the most .lightly infested stand,
G5, at-Green River.. Here, the obser?ation platform was manned from Q800

h to darkness, on.l4 consecutive days‘during the 1972 adult season, _ 't

(

but not one female moth was seen in flight, although seven females were -

found settled on the foliage or on the observation platform. In con-
trast, male moths were seen buzzing around the tree crowns on nine of
tﬁe 14 days. Thus;:female moth emigration appears to be a function of
populations density and in support of this, it has been noted that; when
flying over lightlf-infested forest which is situated upwind;ffom heavy
infestations, no moths are seen iﬁ the airspace.

. On four plots, .counts of female moths in exodus flights were
ﬁéde‘daily throughout most of the adult season and it was then possible
toxestimate_the.pr0portionfof the resident female population. that emi-
grated. Apart from G5, these estimates were high, greater than 0.9,
even where curreﬁt defoliation was only 40% (Table 7). However, it . ;
can not yet be argued that the entire‘female'population emigrates from
stands with budworm populations above a certain level. Resident pop-
ulations are undoubtedly supblemented.by invading females and IF these
invaders subsequently emigrate, then their exodus flights will be in-
cluded in the count. Evidence will be presented later that each female

actually makes only one exodus flight in adult. life.

"

»
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-'Szﬁhiéé in'Néw'Brunewigk éupﬁort the_hypothesis that femélé
ﬁdthAﬂispérsal is’a res%onée to population pressure. ‘However,'tﬁé ex-
odus flight is not }égérded as anhimmédiate response of the adult to
a&versity, sﬁzﬁ as would arise from ovérc:o#ding”of moths or lack of
oviposition;sitéé. Females do th engage in exploratory'flights‘and::
vthe-e#zdus flight occurs early 1n;adult life. Most of those“fémhies
trappéd while in the exodus flight confained’only one spermatophore’
(Table 3),lénd in modérately‘br'heavil§ infested stands, females
with one:éﬁefmafophore are only one or at’mpst.twb‘ﬂays old. Peak
emérgence.from pﬁpae:is between 1400 and 1600 h}lthat evening the fe-
.males are mated, théy lay their first eggs the next day, and then iﬁ ‘
the evéhing thej’émigrafem It sgems‘iea%onable'fherefore to bostulate
:tﬂat‘conditions.such as lack of food or space act on the larval stages
to produce female adults that are prone to migrate. . o ‘

W T - £ ’ .. 3

" THE EFFECT OF PHOSPHAMIDON SPRAY ON BUDWORM MOTHS

“Measurement bf‘moth activity'was used as one way of assessing
the gffect of Phosphamidon spray on a population of spruce budworm
adults (Millerlgggél_1973). Aﬁ‘Qbservation‘platform was erected within
the 8,000 acre spray block and another platform within a control block,
5.2 alr miles distant. The platform was manned from July 7 to July
16, with spray being appiied;at é745 h July 12, and at 2030 h July 14.
t -‘The essenlial results of the.spray trial were as follows:
The applied'Spfay dosage had an immediate effect on the male‘moth,pop;

ulation, virtually eliminating it on the first application. The 8,000

T
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acre spray,block was not invaded by male moths from surrounding un-
sprayed areas. Female moths showeq no immediase‘regction Fp1the‘sp§ay
and feﬁained sedentary on the foliage.throughépt‘theupperation:. The
ratio of the number of exodus f}ights from the control blqck versus
the spray block was used- to aséess mortality of female moths due to
Phosphamidon spray. .Estimated mortality 12, 36, and 60 hours after

spray was 44, 94, and 97%.

Results from this small pilot experiment to test the efficiency

of Phosphamidon spray against a spruce budworm adult popu}ation musflbe
considered extremely encouraging. The control of épruce bpdworm gpi—
demics through adult spraying would seem an att;active possibility.
Future ggult spray programs in New Brunswick should be designed to first
reduce populations within a 30-40 mile strip along the westemn periphery
of the New Brunswick infestation. Because of New Brunswick wind pat-
terns, invasion of this strip by populations to the east wouid‘be in-
significant.. Each year the strip to be sprayed should be further to the
east.

The target of an adult spray program is the female moth be-
fore she lays her first eggs]and‘disperses out of t@e,stand., At any
~locality, female moth emergence continues over apout“a_lofday perioél
but some 70% 9f the_femaie population usually.emgrgeg over a four-day
period. To enlarge the target size on any date, the firét spray ap-
plication should be timgd to coincide with peak male moth emergence.

. Male moth emergence usually begins two or ;hree days eaflier than fe-
maie moth emérgence anq the removal of t@e early appea;ipg malgs should
result in females retaining virginity for a protraéted period. Virgin
females do not disperse. The second spray application should be three

to four days later.

Al

[ 1)
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DISCUSSTON

New Brunswick studies have clearly differentiated the flight
behavior of male and female budworm moths and have provided the explana-
tion for females pre&ominating in wind disperéal;‘ The average distance
'that moths aré dispersed in a night‘has been estimated a; between 30
and 70 miles, and this estimate can be refined after a few night flights
in which the rate of settling of moths from thé airspace is measured:

From New Brunswiciﬂstudies, there is good évidenée for sup-
posing that the exodus flight?pf a féﬁﬁlé is ‘a ‘function of population
densit&. There is circumstantial evidence'forhsupposing that unfavor-
able‘conditi§hs at the plaée of birth cause adults to be produced which
are prone to migrate. Further, there is some evidence for supposing
that most females make only one exodus flight in adult life amnd that
the dispersal'process is not fepeated by"an individual, night after night
over dist;nces up to 70 miles per night. First, the number of exodus
flights from heavily infestéd‘stands abﬁrbiimates the number of resident
.femaleé'in the stand (Table 7). Secon&ly, no females were seen taking-
off and dispefsing out of the§1ight1y-infestéd”stand, G5, 1in 1972 and
yet there Was'émple’evidence that this stand was invaded on at least two
'nights. Catches of 1300 énd 1500 females made.by a light trap, located
in a cleariné within the stand, were out of all proportion with the
resident female population available for trapping. All seven females
found resting on the observation platform'or on' the foliage ﬁere:SPent.
Thirdly, there is a discfepancy between the androus condition of females
which emigrate out of a stand and the androus condition of females in
the stand. Of 139 females trépped’while in the exodus flight from Acadia

only 167 had mated more than once (Table 3). In contrast, vacuum col-
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lections of females made daily from the foliage throughout an adult
season showed, that of 810 mated females collected, 47% had mated more

than once (Personal Communication, I. Outram). Finally, the cértof

L1

graphic presentation of the massive sprﬁce budworm outbreak in eastern
Canada from 1937 to 1949, shows a progressive west to east spread of the
area of severe infestation from the Mississauga regidn in central Ontario,
through Quebec, to north-west New Brunswick, a distance of 800 miles in
12 years, or 65 miles per year (Brown, 1970).

The use of heiicopters and aircraft has'unquestionably pro-
vided new insight into the disgersal process. However, these findings
are only relevant to everyday .turbulent wind dispersal and new techni-
ques, such as radar, are now required for studying dispersal associated
with convectional storms. |

During the adult season, one or two convectional storms can »
be expected to pass over any region of New Brunswick in the afternoon or
evening. The association of moth invasions with the passage of pre-
frontal and airmass storms is well known, and the sudden deposition of
inordinate numbers of budworm moths simultaneous with_heévy downpours
‘has been documented in New Brunswick on six occasions. The sex ratio of
the invaders has been determined from moth collections made around lights
and these ratios have been highly variable, ranging from 32% females on
one niéﬁt to 90% femalesfon another. While such collections do not ne-
cessarily provide good indication of the actual sex ratio of the dis-
persing population, males being more readily attracted to light than
females, variable sex ratios of the populations involved in convection-
al transport should nevertheless be expeéted. A storm cell which passes

over an infestation in the afternoon would absorb those females which
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were stimulated into earlier-than-usual exodus flight and those huzzing
males which were accidentally or incidentally sweptuélof£ by the stréng :
updrafts. In coﬁtrast, at sunsetlthe airspace is alreadf full of fe-
males and the addition of those males,'sweét.aloft with the péasage of .
a stérm in the late evening, would dilute to a lesser extent the sex’

ratio of the population available for convectional transport,
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- SUMMARY .

Male and female budworm moths have flight patterns that are identi-

fiably different.

Male moths .are active‘thrqughbut tﬁe day and night except 3 or

4 hours around sunrise. The typical male flight behavior, that of,
'buzzing' around the crown periphery, is directed towards locating
femalés. The male flight pattern is adapted to maintaining local
populations, and emigration out of the stand is accidental or in-
cidental and usually in association with convective storm updrafts.
Female moths are less active than males and remain sedentary on the
foliage until evening. The female flight pattern begins with an
abrupt‘take-off from the tree, a steep climb to heighﬁs up to 6Q
feet above the canopy, an& terminates with wind-directed disPersalh
out of the stand. The flight pattern is édapted to.the lateral
displacement and redistribution of pgpulations.

The exodus flight of females is a function of pqpulation density.
Females do not emigrate out of lightly infested stands.

Digpersing females carry about half their original egg complement.
The average distance that females are dispersed in'a night is esti-
mated to be between 30 and 70 miles.

There is evidence to suggest that females make only one exodus
flight in aduit life and that the dispersal process is not repeated

by an individual night after night.

Ve
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‘Table 1. Description of Flight Activity Study Plots: t
: Balsam fir
K . Stand Type Ht. - Age D.B.H.
#Softwood ZHardwood  ft. ims. -
Acadia Forestry Station 90 10 45 65 5.5
Baisley Depot ’ 95 5 45 50 5.5
Green River G5 100 : 0 50 53 5.8
Dunphy Control | 90 10 40 40 4.6
T €. . {
Dunphy Spray 100 0 35 40 4.5
* {- ¢
[
e i
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Table 2. The diurnal cycles of female exodus flights and light intensity
’ for July 10, 1972, eclipse of Sun, and for the 1972 adult season
at Acadia Forestry Station '
July 10, 1972 1972 Season average
Accumulated Light Agcumulaged Ligh£
Time % departure intensity % departure intensity
(Hrs) of females - (ft=c) . ..  .of females ... .. (ft-c)
1500 0 12000 0 8000
1530 0 12000 0 9800
1600 0 4300 0.5 8QQ0
1630 0 4700 1.5 6400 7
1700 0 4400 2.0 4850 .
1730 0 40 ' 2.5 4500
1800 13 1000 2.5 ’ 3850
1830 29 800 3.0 3000A
1900 35 125Q 4.0 2350
1930 66 325 15 1350
2000 . 79 325 29 850
2030 84 225 56.5 425
2100 - 100 100 85 125
2130 100 5 95 10
2200 100 Q ..100 0

(11
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Table 3. '‘Egg and spermatophore complements of females dispersing out
of a stand at Acadia Forestry Station '

e - ~—
bl Rl i, - .

LRV - - .

-

- T -oF R X g . - % females with --
L - No. ascending Mean No : spermatophores
“Year " " females trapped- - = . eggs. 1aid R S 2 3
) W TR “e . Lt T TF At
1970 , 42 ‘ 46 © 86 * 12 2
! [ “fa
‘ oo £ T ;e
1971 45 54 ‘8016 4
1972 52 59’ S 87t are 2
[ : . .
14 » Y
- B « it
- Viw .:‘
g ‘ i ¢
" - — 2 &’
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Table 4. Percentage females and spermatophore counts of spruce budworm
‘moths collected in-the free airspace on different nights

—

- Z .females with,——

) L No. moths Pef cent: spermatophores

Date cpllectgdg_ S femglesﬂ P I 2. 3
nly 13, 1971 20 T 90" 89~ 11 - 0
July 16, 1971 12 100 50 50 ‘@
July 4, 1972 ) 100 - - -
July 6, 1972 - 15 - =93 . - 86 1% 10
"July 10, 1972 | 20 85 .88 12 0
July 13, 1972 8 - 100 - - -
July 9, 1972.“ “w Ce0 80 12 8

ey

[

[\
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Counts of budworm moths made from a Bell G.2 helicopter on

Table 5.
_ July 12, 1971
‘Time (h)

Altitude. 1920- 1957- 2026~ 2103- 2116-
(ft) 19458 2025 . ,,2100" 2114, 2125
1300 ) . .0 16 A )

"1200 |
1100 0 ' )

1000 5

900 0 ;' 0 19 36
%0 \

706 0 "3 15 27 32
600 - - -= |

500 0 2 15 20

400 0 2 10

300

200 0 5 8 .1 _ 15

a. Female exodus flights began at 1940 hours.

b. Peak of female exodus flights at 2045 hours,



" Table 6.

—24— ’.-

COll;ltS of budworm moths made from a Piper Aztec aircraft at

2300 hours, July 12, 1972 4
Altitude Budworm Alr Tengperature Wind Speed
(ft) moths L F . mph

4000 0 64
3000 3 66
2500 13 , -
2000 20 , 71 10-15
1000 140 72 10-12
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