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10.
BIONOMICS OF THE COULING MOTH, CARPOCAPS: POMONELILA L.,

J‘:iaI‘Old Te OtultZQ

1. INTHODUCTION.

when Charles rletcher was appointed vominion rntomologist
in 1884, the codling moth was already recognized as a major pest of
the apple in mastern canadae.

while control of the insect by trapping the larvae in tree
bands had been practiced since 1846 (Slingerland, 1898), it was
only about the time of rletcher's appointment that the use of poison
sprays for the control of this insect had become well established.
prom the time of his earliest reports, he recommends both methods of
control. 1he available records indicaie that for awhile after the
turn of the century the codling moth markedly decreased in importance
as an apple pest, following the use of bordeaux-arsenical sprays in
the sannapolis valley. &bout 1924 it apparently started increasing in
importance so that by 1930 it again became & major pest in a few
restricted areas, particularly that around serwick. 1in 1927 Brittain
(1927) was still able to say that, *“The control of the codling moth
is not the problem in wova scotia that it is in many other apple grow-
ing sections and the ordinary sprays or austs, applied imnediately
after blossom fall and again in two weeks time, are usually sufficient
to keep it in control“. by 1937, however, it threatened to make
commercial apple growing impracticeble in a few orchards in’the
Berwick area unless special methods of control were used against it.

.r Umtil the present project was started in 1939, no special
biological study of this insect had been made in the annapolis
valley, probably because it was felt that the numerous and detailed g
studiés done elsewhere on the continent, more particularly that in

Maine by Siegler and simanton (1915), were sufficient for the nefds of
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entomologists and growers in this area. In 1938 and 1939 both
the Provincial and Dominion entomological staffs conducted codling
moth spray experiments at Berwick. Every year since then, except-
ing 1940, the Dominion Entomological Division has conducted one or
more codling moth experiments, in orchards in the same locality.

When it became necessary to initiate special codling
moth spray programs it was vealized that they should be based on
accurate knowledge of the life history and habits of the insect in
the Annapolis Valley. In 1939 some preliminary records and material.
were obtalned by the writer who was assigned to this project by A.D.
Pickett, Officer-in-Charge of the Dominion Entomological Laboratory,
Annapolis Royal. During the years 1940 to 1943 inclusive the writer
spent a major portion of his time on this project. Most of the life
history data reported in this paper was gathered during this period.
It is supplemented, however, by some additional data gathered in 1944

and 1945.
During 1940 and 1941 life history records were made on

codling moth material at both Annspolis Royal and Berwick. Although

these two stations are only about 45 miles apart, yet codling moth
injuries are almost unknown as such in commercial orchards in
Annapolis County, whereas at times between 90 and 100 per cent of
the apples have been culls in a few orchards in the Berwick area of
Kings County. Conditions were nearly as bad in a few orchards in
several other localities, particularly near Falmouth and Gaspereaux
Village.

Beginning in 1942 a summer headquarters was established
at Berwick and the study of codling moth development was conf.ned to

Kings County, more particularly the Berwick area where most of" the

persistént infestations are located.
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II. HISTORICAL BACKGROUND

A. Early history in America

According to Slingerland (1898) whose paper is a codling moth
classic, the first American Picture of the codling moth was that
published by a Miss Morris (1846 ) Just 100 yeers ago. The insect was
first recognized as such in America by Tufts in 1819, although the
insect had actually been introduced many years before. Previous to
this time all wormy apples had been credited to the plum curculio.
It was probably introduced into America from Europe in packages
containing apples or pears. The time of its arrival is not known,
although Slingerland suggests about the middle of the eighteenth
century. The native home of the insect is considered to be thap of
its principal food, the apple, whether Europe or Central Asia? & At
the present time 1t is a cosmopolitan pest, occurring wherever apples
are grown. By 1898 1t was recognized as a pest in nearly every
section of the United States where avple orchards were established.

As already indicated it was well established in the apple

growing areas of Ontario, Quebec and the Maritime rrovinces vhen
Fletcher took office in 188&. About this time (1ls85), at least one
of Fletcher's correspondents in British Columbia reported that the
codling moth tegether with other insects, threatened to make apple
growing economically impractical in some orchards unless effective

control measures were made available to the owners. It turned out

»
. Shelford (1927) suggests the Mediterranean region as the original

habitat of the codl. ng moth. Llhis is postulated on the basis of

hytherograph records for different apple growing regions of the

world.



that this so-called codling moth damege in british Columbia was
really due to the lesser apple worm, Grapholitha prunivora walsh.

It was not until 1905 that Fletcher (1906} was able to report that
the codling moth had been definitely located in british Columbia.
lhe lesser apple worm is also found in unsprayed orchards in Nova
Scotia and sometimes accounts for a considerable proportion of codl-
ing-moth-like injuries in such orchards. Because the injury by G.
prunivora is so readily confused with that by C. pomonella the
earlier records of codling moth damage in Nova Scotia, even some of
those in the 1920's are sometimes open to question and too much
reliance should no£ be placed on them. ‘1he lesser apple worm does
not long survive in orchards in which arsenical sprays are used.
1t is possible that the striking results following the use of the
poisoned bordeaux mixture in the 1890's and early 1900's is part-
ially due to the quick elimination of G. prunivora as well as to a
definite reduction in the numbers of C. pomonella.

It may never be established where or when the codling moth
was introduced into nNova Scotia. 1t is not at all improbable that,
along with many other firsts, the Annapolis Royal area should be
credited with that of being the location of the original introduction
of the insect into this province, if not into North america. 7lhis
statement is made on the basis of certain historical records assembled
by Comeau (1934) concerning the early planting of the apple tree in
Nova Scotia and elsewheré on this continent. <1lhere are definite
records of apple trees growing at Ladave as early as 1635. Comeau
believes that "circumstantial evidence strongly supports the suggestion
that apple seeds and trees were planted at Port Royal in 1606 or 1610“.
The records do not indicate whether the first trees originated from
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seeds or apple trees originating in the Cld Zountry. It is not at
all unlikely that later French adventurers would scmetimes start
their voyages to the new world with a goodly supply of fresh aprcles
for use on the trip. If these ap.les had originated in codling moth
infested orchards in France it would be strange inde«=d if some of
the containers did not harbour codling moth cocoons. If these in-
fested containers were left ashore in the vicinity of orchards that
had been planted earlier and had already come into bearing, these
orchards would reacily become infested. Thus if orchards were first
established between 1606 and 1635 they might well have become in-

fested before the end of the century.

B. Codling Moth Records for Nova Scotia, 1884-1945

James Fletcher issued his first report as Dominion
Entomologist in December of 1584. His reports, covering the period
up until his death in 1808 are based largely on information forwarded
by correspondents living in different agricultural areas of the
Dominion of Canada. un the basis of these re.orts, he often makes
general statements rega:ding pests which refer to the country as a
whole. ''he following notes regerding the prevalence of the codling
moth have been copied from Dr. rletcher's annual reports, where he
actually or by inference refers to iova Scotia conditions. Gaps
in the record indicate years in which there was not even inferentisl
reference to the status of tne codling moth in Nove tcotia.

1884 - "The apple was attacked in some parts by the codling moth".
1885 - "This troublesome insect is so well known to fruit ¢rowers that
any description of the insect as its mode of working is

unncecessary. - "hroughout the Maritime Provinces ....cecc....

it appears not tc be qulite as destructive as usual".
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1896 - "........has, as usual, been mentioned frequently in
correspondence, but on the whole, owing to the enormous
apple crop and also to the more gcenersl adoption of spray-
ing, has not done much harm™. His correspondent, S.C. Parker,
at Berwick, N.S. writes, 'Very few wormy apples'.

1901 - Mr. Parker (S.C.) secretary of the Fruit-Groviers Assoclation
of Nova Scotia writes "in very much the same strain™ as the
secretary of the Ontario Association who writes that, ' ihe
codling moth is still the terror of the apple-growers. 1t is
a.most serious enemy, and, if you can give us any later in-
formation with regard to the best method of destroying it we
gshould be very glad".

1902 - " A marked decrease in the injuries by some of our well
known pests such as the codling moth,..........through most
of our fruit-growing districts™".

1903 - "The apple crop, in Nova Scotia was a remarkably good one,
large in quentity and excellent in quality, being very free
from insect attacks".

1904 - "The year 1304 may be said to have been remarkable for the
absence of injury by the codling moth, Professor Sears at
Wolfville, wrote, 'We have been singularly free from injurious
insects this year'.

1905 - "The Codling Moth, which on the whole, perhaps, is the wor:t
enemy of the fruit grower, has levied a heavy :o0ll as usual in
unsprayed orchards, but wherever thorough work has been done in
spraying regularly with the Coisoned bordeaux mixture, good
results have almost invariably followed. 1In every .art of
Eastern Canada where apgles are grown, re.orts speak of injury

by this insect end,.........possibly the comparative scarcity



1906
1915

1916

15.
of fruit this sew.son makes the injury by the codlins i.cih
Seem more zpparent. ‘lhere is not the sli-litest doubt thet
in all parts of canada east of roronto Sprayin, orchards
regularly with poisoned borliezux mixture, chiee or four
times in spring, the first application to be maie within a
day or two after the ©lossous .1l ana the subseqyuent s _I'c, -
ings, each ten days upart, is a satisfact.r, and well A
ing remedy I'or the vodling ..cth-.
lhe pominion rmntomologist's reports during the period 1906 -
1214 make no reference to codlin: moth conditions in wova
scotia. 1In 1912 G.s. Sanders vas put in charye of a Lom-
inion wsntomological L.boratory nezr iie western end of the
amnapolis valley. .pparently the codling moth had been a
relatively unimportint vest in his early experierice since
he writes (1915) "Owing to its compar tive scarcity e
codling moth has receivea very little attention as et iu
the province. 1t is very rare to find even an unsprayed
orchard which gives over 5'per cent wormy & ples......here
in Nova scotia we have never found any cefinite incications
ot a second brood".

In the followin: ye.r sanders (1916) wrote: "In s»ite of
the great ccngestion of tne orchards ia tne ..n.apolis valley
we are so f.r wmorth thot the codlin. moth is a _est of
very minor importance, and we selacm find over 5 er cent
of the apples in an orcnar. in‘ested. L1 sometimes think
that spraying helps to control t in thes unsprayed as vell
as in the sprayeu orcaards, Ior zs lear as . c.i deteriile,
the codling moth is decreasing In the unspr ;=_ orchardas as

the proportion of sprayed orchards atcut them becomes

oreater am greater:.
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1n an unpublisiued manuscript written “he same
year osanders (1916) said, "in wistricts cutsice the
annapolis valley occasionally 50, 40 or even 50 ner cent
of the apples may be found infested".

The followiiy waterial perteinia~ to coaling nicth
abundance in the annapolis veclle; since 1917 is tsken from the
annual reports of the vominion mntomologsic.l Laboratory at anna-
polis noyal (anonymous 1922-:-3,1928-30, sendei's 1917-21, Spittall
1924-27, Gilliatt 1931-37, :ickett =nd ratterson 19:7-39, carmeron
and ratterson 1lo40, Pat.erson and ieary 1241-19+5,. Cc. . aruble
data,not quoted here, will be found in the annual insect pest
forecasts of the provincial entomolorists duri:g the _eriod 1929-
1945 (rickett, cameron cnd we.ry in annual aeports ..d. rrult
‘rowers association).

1917 - 1920 - nNot reosorted in sum.aries of insect outoreaks

1921 - “Reports of inj i, reccived 110w uWueroUusS Iarmers. woiiy
apples very common. 1t would appeair that codling moth has
had wwo Droods ia ..0Vva oCOcla ulis scw3lli™e

19é2 - not re orted.

1923 - "ot abundant in wescern end of ..inapolis velley butl aprar-
ently 2 slight increase in .olfville district. (ur exper-
imental records show that this pest has Auring recent years
been of lit:le importance in kKova scotiar.

1924 - "work seen at tupperville, Bervick and anunarolis noyale....

believed to be slowly increasing*.

1925 wOceurs in more places in Annapolis valley than in 18:4.
Appe.rs to be on the ncrease at Serwick. on the whole,

however, it is not yet a pest of import:-nce in our orcaard

areas' .



1926

1927

1928
1029

1930

1931

1932

1933

1934

1935

1936

1937

18.

~"Fairly common in Bear River district and at sictaux. Slowly

increasing and becoming more widespread. Quite severe in
neglected orchards in Vestern Hants County".

"Not changed from 1926. Up to 1526 believed to be slowly in-
creasing. Not a pest of economic importance”.

"Wormy apples more numerous than for many years".

"Less in evidence than in 1928. Stings noted in orchard at
Canning™.

"A decided increase over entire Annapolis Valley, the injury
being more pronounced than for several years".

"Probably caused somewhat more wormy fruit than in average
year".

"A further increase has apparently occured as wormy apples
and stings quite pronounced in msny districts of th: Valley.
The infestation was most general in the serwick and Canning
districts".

"Injury from 'late brood' somewhat more in evidence than
formerly but not as severe as in a few orchards in 1932".
"Though not a major orchard pest it has been causing some
injury in recent years. About same degree of infestation as
in 1933".

"An apparent increase reported in LUentral and Eastern portions
of Vaelley where much injury wes done to crop”.

Not reported. (A.D. Pickett states that this was definitely
an off year for codling moth). '

nThe stings severe in areas around Berwick and waterville.
Also considerable sting injury in varts of Rants County. ‘l'he

increase of this insect in many parts of the Annapolis Valley

is quite pronounced in comparison with 1936".
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1938 - "An increase occurred throughout valley but only in Berwick

and Waterville districts did serious outbreaks ocecur. .in

these districts some orchards showed 40 to 60 per cent stung

apples of some varieties".

1939 - "On the whole somewhat less injuries than in 1938. A few
orchards fairly heavily infested".

1940 - "Some increase over 1939. In the Berwick district some
orchards not receiving special trestments for their control
had nearly the whole crop ruined"”.

1941 - "In many orchards in central and eastern Kings and Hants
Countlies generally more numerous than in 1940 being a pest
of major importance. In the wesi.ern end of the valley it was
of only minor im: ortance and showed no a.parent gain".

1942 - "In past years this insect has been a major pest in some
areas in Kings County and in some orchards of Hants County.

This year there has been a general increase throughout, and a
pronounced increase all over liestern sdova Scotia withi. znd
outside areas where spraying was done. L'he damage was more
widespread than unual, with a heavy carry-over of 'Worms'

in many orchards”.

1943 - "The damage to fruit this year w=s not as great as expected a
year ago, due in part 1o the fairly high mortality of the
over-wintering caterpillars, ani the backward spring. however,
in moderately to heavily infested orchards in wiich the full
spray programme was not carried out, much damage was done. In |
other blocks of orchards which .reviously had light infestation:
the amount of injury increased; but for the valley as a whole

there wes a decrease in the amount of damage done".

1944 - "The injury caused by codling moth in 1944 was less for the
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frult growing area as a whole than in 1943, even though the
area of infestation increased. This reduction in injury

may be explained in part by the fairly dry season which aided
in the retention of poisonous residues on the foliasge and
fruit. lhere was, however consideresble injury in some
districts and in individual orchards where codling moth nas
been a pest for years. Many of these or.hards received a
special spray programme in 1944 for the control of codling
moth, and in most cases the injury was reduced".

1945 - "The ccdling moth was somewhat more abundant than during the
previous season. +*he light crop of fruit throughout the
entire fruit growing area concentrated the larvae on fewer
apples, making the infestation seem even heavier than it was.
On account of the 1light crop, many orchards received less spray
than usua. and as a result a larger proportion of deep entries
occurred in the fruit than usual. lhere was no evidence of
second generation larvae in the fruit?

The above record in codling moth prevalence, during
the past 60 years although rather extensive is recorded here not only
to bring this information together in one place, but also as
evidence that the status of the insect has been changing in respect
to control meesures that were formerly quite effective. ihis 1s in
accord with the experience of entomologists and fruit growers in
other areas of North America “here intensive control measures Cy
ﬁeans of insecticides, particularly arsenicals,have been carried on
over a period of years. (Hough 1943).

c. Brief History of Orchard Sprays in Novea Scotla

In view of the fact that it has been estavlished

(Pickett et al 1946) that spray practices have a profound effect
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upon the biotic complex of an apple orchard a brief history of
orchard sprays is included in this paper. A more complete account
will be found in Kelsall“s(1937) paper on the subject.

Progressive apple growers were using a poisoned bordeaux
spray for some time previous to 1900. by 1910 spraying was a
routine procedure for nearly zll growers. It was about this time
that both lime-sulphur and lead-arsenate ceme into use. It was
about this time also that power sprayers were introduced.

The extensive use of orchard dusts was commenced about
1918. 1In a short time large numbers of growers were relying on
this method of control. It reached its height about 1924 and
thereafter its use declined. The dusts used consisted of mixtures
of sulphur and lead arsenate or af Bordeaux dust znd calcium
arsenate. Wettable and colloidal sulphurs came into increasing
use after 1924 so that their use has been quite general since about
1929. A Bordeaux mixture containing excess lime has generelly
been used in the early pre-tlossom sprays and very often for the
last cover spray.

The use of mineral oil sprays in the dormant or delayed

dormant period wes commenced in the latter part of the 1920's.
Because of their devastating effect on the nafural control agents of

the European red mite, Metatetranychus ulmi (Koch) - (Paratetranychus

i{losus C & F) their use has been discouraged except under conditioms

pl-osus

of necessity. Nevertheless the :ncreasing prevalence of the oysier

shell scale (Lepidosaphes Ulmi L.) has resulted in the wide-spread

use of dorment oils which in many cases include a dinitro (so called

DN-phenol or DN-cresol) compound.
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III. MATERIALS AND IIETH0DS

4. Insectary studies

During the years 1940 - 1943, reared larvae formed their
cocoons and pupated in cocooning sticks of the type generally em-
ployed in codling moth life history studies (Peterson's manual, (1937)
Part two, plate 11, figure eieven). when the adults emerged, they
were transferred to lantern globe cages, as illustrated (Fig. 1).
The base of the cage consists of a petri dish cover. Moisture is
supplied by means of a wet cotton plug in a vial inserted through
the cotton top of the lantern globe. By filling the vial with
water every day or so, the cotton plug is kept moist. wune or two
pear leaves were kept in the bottom of the cage. terale moths ovi-
posited on the leaves, on the sides of the globe and on the petri
dish base. <The petri dish base and the pear leaves were removed
and replaced daily except Sunday as long as oviposition was going
on. & record was kept of the number of eggs laid daily, except
Sunday, on the petri dish bases and on the leaves and subsequent
records were kept of development to the black-spot stage and hatch-
ing on the petri dish b ses. As a rule the number of eggs on the
sides of a globe were not counted until oviposition was completed
and the moths in a cage had died. ©Successive cu.ulative percent-
ages of the total eggs laid by females in globes are based on
daily counts of eggs on leaves and base. WUJead moths were usually
removed daily except for material kept at oerwick. the sex of

each moth was determined and recorded.

A record of larval development was obtained by placing

pear leaves carrying eggs, in a gum jar together with a number of
clean apples collected from an unsprayed orchard in which the

- nown to be scarce or absent. The date on which



file:///-nown

23.

eggs hatched was recorded as the date that larvae entered the

fruit. ‘he length of the larval stage was determined by recording

the date larvae entered cocooning sticks placed in the gum jars
with the wormy apples. ‘hese were examined almost daily and the
date of entry into a cocooning site in the stick was marked in
pencil on the wood op-osite the site. ‘the methods followed are
somewhat similar to those described by Schoene, Hough, et al (1928)
The cocooning sticks were kept in wire cages (Fig. 2) of the type

described by Cutright (1936) and figured in Peterson's manual, (1937)

Part two, plate 143. Moths were also obtained from short pleces
of unsplit apple tree branches having rough bark, on which known
numbers of over-wintering larvae had been caged the preceding

fall so that they had spun cocoons under the rou«h bark. Lrhese
were kept in cylindrical wire cages hung near the lower centre
section of apple .trees so that conditions would approximate those
of larvae which had made their over-wintering quarters normally on
tree trunks.

In addition to these methods, in 1943 and 1544 codling
moth larvae in cocooning sticks or corrugated paper rolls were
placed in two large flower pots to which wooden tops were fitted by
means of felt strips and wire lugs so that neither larvae nor moths
could escape around the edee. A hole fitted with a short glass tube
was put in the centre of each for the emergence of moths. A lantern
globe cage which had a cloth top was placed over this for the
reception of moths as they emerged. Cne of these pots was kept
moist by wrapping it around with absorbent paper and cheese cloth
and then setting the pot in a pan of sphagnum :.o0ss which was kept

constantly wet. ‘Yhe other pot w:s left «ry. rhe drain holes on txe

bottom were plugged and both pots were set on the ground side by
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side under the bench insectary at Berwick. A wooden screen with

louvres like a meteorological screen was set around the pots. This

kept the pots constantly shaded but with a free flow of air around

them. 'This experimental set-up was designed in order to find out

whether constantly damp cocoon condit:ons induced the occasional
appearance of the biennial habit in the codling moth. While no
evidence was gained on this point, yet some interesting records
were obtained regarding the effect of these cond.tions on moth
emergence, mortality and oviposition.

2. Insectaries

At Annapolis Royal ihe lantern globe cages and rearing
jars were kept in the laboratory insectory which is located about
10 feet beyond the east end of the main laboratory. Lhis building
has walls of wire cloth on all sides except the south-east corner
in which a small boarded shelter is located. Lhe codling moth
material'was under shaded conditions at all times.

At Berwick the lantern globe cages and rearing jars
were kept inside a portable bench insectary which was designed for
this project (Fig. 3 and 4). <this insectary was first uged in 194l.
Material was kept under partially shaded conditions by means of
extended eaves formed of cotton sheeting stretched on wooden frames
as illustrated. 'his insectary was set up in an open space between
two adjoining orchards at Berwick, namely the D.L.2. chute "Zaptain

Robbins" orchard and the Cyril Hiltz South orchard.

B. Field Studies

1. Spring Development in Hibernating Quarters
A record of pupaetion and moth emergence in the field

was obtained by periodically completely removing and examining

all loose bark from the trunk end limbs of apple trees carrying
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above-the-average populations of overwintering larvae. lhis

method also made it possible to obtain a record of larval and
pupal mortality resulting from the activity of parasites and
predators as well as from other causes. The spring development

of the parasite Ascogaster carpocapsae Viereck was followed in

this way, as was clso that of the important iredator beetle Tene-

broides corticallis Melsh. Each tree or group of trees exauined

on any one day was completely searched so that the record gave the
status of the codling moth for the whole tree at that time, and
thus might be expected to yield a record that was approxinately
true of the orchard at the time of exeamination. Lhe record would
be only a rough approximation due to the natural variation in
types of cocooning sites available in different trees.

2. Balt Pan Method

(a.)Orchards

The bait pan method has been used to obtain a record
of codling moth activity in the field. By this means a record has
been obtained of approximate dates for the beginning, helght, and
completion, as well as the relative amounts of moth activity in
different orchards and for different seasons. Such a record 1s now
available for as long as seven years for two orchards and for
shorter periods for several others. In this paper recoras will be

given for the following orchards:

(1). D.L.B. Chute "Captain Robbins" orchard, Berwick.

e

I'wo pans in the same two trees for five years 1941 - 1945. Tlhis

has probably had the most persistent if not the worst codling moth
infestation of any orchard 1n the valley. 4ihe infestation in this

orchard aroused considerable concern on the Iart of the owner and

others as early as 1930. the insect has ‘een temporarily controlled
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in SeCtioﬁﬁ which the Provincial or uominion rntomological staffs
used i for experimental spray plots, but the sections sprayed by
the owner have continued to be heavily infestei although there has
been some reduction of late yearé following better control measures
including the use of summer oil with'leud arsenate. ‘the area in
which the pans were located was sprayed by the owner évery year.

(2). Hiltz orchard, BSerwick. Bait pans have been hung
in this orchard for seven seasons, 1939 - 1945. ‘he number of
single pan treeé per season have varied as follows: 6 in 1939, 20
in 1940, 10 in 1941, 7 in 1942 and 5 during ezch of the past three
Seasons. In addition one tree has had four pans hung in it each
season for three seasons, 194z - 1944. vhis orchard has at times
had as heavy infestations as orchard number 1 which is located
adjacent to and just east of it. starting in 1939 the Lominion
mntomological staff has had a codling moth spray program in this
oféhafd every year excepting 1941, when it was rather indifferently
sprayed under the direction of the owner. The codling moth pop-
ulation has been kept low during the past three or four years. 4
sulphur-lead arsenate program has been used on the north end of
this as well as the adjacent south Yarmouth orchard (Number 3 below)
while a copper-lead arsenate program has been used on the south end
of both orchards.

(3). South Yarmouth Urchard, serwick. 1This orchard lies
immediateiy west of orchard number 2. Bait pans have been hung
in this orchard for six seasons. .he record in this report is

A 4 on captures in 2 pang 1940 - 1943, 3 pans in 1944.and 5 in

puring 1939 - 1941, the codling moth infestation was fairly

buse

194S5.
héavy but not quite as bad as in the Hiltz and L.L.b. Chute orchards.

In 1942 most of it was not sprayed at all and as a result a very



heavy population of codling larvae developed that season. During
1943 - 1945 good control has been obtained by means of a codling
moth spray program put on by members of the Dominion E: tomological
staff. This consisted of s sulphur-lead arsenate program at the
north end and a copper-lead arsenate progrem over the -outh end.
Two trees with paired pans, one with and one without ni.otine
sulphate were hung 1942 - 1944. 1In 1944 one tree had six pans hung
in 1t,all near the top level.

(4) Drew-Hall-Lyons orchard, Berwick. Two pans have been
hung in the same two trees for the past three seasons, 1343 - 1945.
This is a small area of about 2 acres conteining abcut 64 trees. The
area is broken by the presence of two sm=ll residences, severasl s.sll
outbuildings and by some open yard space. ‘ihe trees had not been
sprayed for about 10 &ears, until the Dominion &rntomological staff
used it for several fungicide (non-insecticide) plots in 1944 and
1945. Because of lack of proper care the apple crops have been
scanty. Codling moth infestation has been as light or lighter than
in some orchards, in the same general area, which have been regularly
treated with sprays containing arsenicals. 1In 1943 the infestation
averaged around 18 per cent deep entries and 7 per cent stings.

(5) F.M. Nash orchard, Rockland. Two pans have been hung in
the same two trees for seven years, 1939 - 1945. They have been
located in an orchard of mature trees, mostly Gravenstein and Ben
Davis, lying just west of tne main buildings. This orchard had a
severe codl ing moth infestation in 1938. The owner hus since used
a modified codiing moth progrem every year. Nevertheless, the number
of moths captured in the bait pans has generally been higher than
would be expected considering the light codling moth injury. lorg

heavily infested orchards have been located within one half mile
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On other properties lying at lover levels, during this whole period.
(b) Balt, Type of Pan, Method of Hanging
Originally the standard 10 per cent mnlasses bait

was used. Starting quite early in the season of 1942, this formula

was supplemented by the addition of nicotine sulphate at the r=te
of one per cent.

As will be shown later ("Codling kioth Behavior
as Indiceted by Bait Pan Captures™) the sddition of the nicotine
sulphate made 1ittle or no significant difference in the number of
codling moths captured.

There was a two-focld object in adding the
nicotine sulphate: (1) To inhibdt birds from removing captured
moths from the surface of the bait. The b.rd responsible was
aPparently the pewee, a fly catcher. (2) It quickly immobilizes
the captured moths and thus keeps them in better condition for
identification. It is particularly valuable in this respect in
that it prevents the larger moths from threshing about, and thus
spoiling the smaller Tortricoidea.

The bait was exposed in enasmelled pans measuring
about seven inches in diameter and two and a half inches in deptr.

Unless indicated otherwise, each pan was hung
near the top of its tree by means of a rope pascsed over a limb.

3, Larvel Entries

During the years 1940 - 1945 it was a regular
practice to obtain a record of the beginning, rise, peak and Zlec:ine
of larvel entries throughout each season. The method w:=s as follows:

One or more trees were selected each year and the fruit exsmined at
intervals, generally two to five days apart, beginning shortly

before the first entries were expected. Records were kept of tcth
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new entries and old entries. New entries were those extimated

to have occurred within about 24 hours previous to examination.

All others were recorded as o0ld entries.

4. Completion of Larval reeding

4 record of larval emergence from fruit and migration to
cocooning quarters was obtained by banding infested trees with folded
strips of jute sacking (Fig. 5). During 1940, 1941 and 1942 the
bands were examined at frequent intervals, when all larvae present
were collected and counted. Separate records were kept for larvae
parasitized by A. carpocapsae, and for normal looking larvae. 4
record was also kept of possible or known parasites and predators
found with codling moth larvae in the bands.

C. Meteorological Records

Meteorological records were obtained by means of
official maximum and minimum thermometers, rain guage and sunshine
recorder located at Annapolis Royal. lhermographs were located at
Annapolis Royal, at berwick and during summers of 1940 and 1941 at
Rockland, which is located on the slope of South Mountain, South-
east of Berwick.

lhe maximum and minimum thermometer records at Annapolis
Royal were taken at 5 P.M. either Atlantic Standard or Daylight
Saving Time, according to which was in official use at the time.

the daily mean temperature records which have been
obtained from the thermograph charts are bases on midnight to
midnight readings. Hartzell (1919) shows that such readings result
in less discrepancy than those obtained at any other time of day,
particularly before 8 P.M. ihis finding has been checked and found
to be correct. lhe long term temperature records for Annapolis

Hoyal are based on thermometer readings, whereas temperature records
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to be correlated with codling moth development are based on

midnight to midnight readings from thermogcraph charts.

IV. THE RELATION OF THE CODLING MOTH TO WEATHER AND CLIMATE

The establishment, development, reproduction and
prevalence of a free-living organism in any given environment is
directly dependent, among other things, upon prevailing westher
and climatic conditions. Of these, temgerature, precipitation and
sinlight are of greatest importance. Of these three temperature
probably has the most profound effect upon geographic distribution
and upon the rate of development and reproduction within the limits
of temperature in which the org:-nism can exist.

In the case of the codling moth it is obvious thsat
temperature directly influences the number of generations that may
occur in any year in any area within its range. It also influences
the proportion of each generation which will pupate and emerge as
moths which may in turn give rise to another generation. The
temperature ranges characteristic of the climate of the apple
growing areas of the Southern United States makes possible thre
a.pearance of a partial fourth generation. On the other hand the
temperature ranges of the climate of the Annapolis velley usually
permit development of only one significant generation in this sareas.
Fluctuations in temperature co.ditions from one year to another
during certain criticel periods of development make possible yearly
variations in the development and reproduction of tre codling moth.

Temperature also affects tre codling moth indirect.iy
through the host plant and through naturel control agents.

Precipitation affects the codling moth .oth directly,

as will be indicated later in this raper, and indirectly through
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its host plant and its parasites and predators.

‘he published literature, concerning relations between the
codling moth and weather and climate is extensive and no effort will
be made to summarize it here except in so far as it has a bearing
on records and results reported in this paper.

Glenn (1922) states that there is a fairly constant
relation between temperature and the rate of development of different
stages of the codling moth and outlined a method of forecasting dates
when the different stages of the several generations may be expected
to appear.

Lownsend (\1926) made a study of the effects of temperature
and mositure upon the breaking up of hibernation in the codling moth.
the break-up of hibernation is hastened by the addition of water to
the tissues such as normally takes place during rains. ihe frequency
of soaking is of much importance. 4n enzyme action is probably
involved.

shelford (1927) made an extensive investigation on the
relation of the codling moth to weather and climate. He concluded
that it is possible to calculate the time of the appearance of
stages and to estimate progress to any date, with a fair degree of
accuracy, from temperature and humidity alone, once the time of
first spring pupation is known. He found that autumn and winter
rainfall affects the rate of development of hibernated larvae and
of pupae derived from them. when the rainfall is heavy the larvae
are more abundant, more of them pupate and pupal stages are shorter
than is the case following an autumn and winter of less precipitation.
He claimed that the great influence of rainfall is illustrated by

the fact that the temperature for some months of an abundant year

was low or lower than for the corresponding months in the years in
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which the moths were scarce. In @ year in which codling motn
flourished in Southern Illinois the rrevious altumn was rainy and
the spring only moderately so. In a year in which codlin. moth is
scarce the previous autumn is very dry and the sgring very wet.

Headle®€ (1928, 1931, 1936) developed and used the
thermal constant as an indicator of tue time to atply cover sprays
for the codling moth.

Webster (1931, 1936a, 1936b) has correlated weather
conditions with fluctuations in population of the codling moth from
year to year in the Stete of Washington.

In Central Asia, Nevskii (1937) found that t:e abundance
of codling moth fluctuates greatly from year to year. He stated
that the percentage infestation was correlated with the number of
days that were favourable for oviposition, that is, on which the
temperature was above 61.7°F and there was no wind or rein during
the half hour at sunset(or sunrise) when the females lay their eggs.
Temperature also affects the rate of develcpment of eggs and larvae,
the percentage of larvae able to enter apples and possibly the per-
centage of full-fed larvee able to go into diapause. In May and
June a large number of young larvae are killed by rein before they
enter fruit.

Gould and Geissler (1941),working in ‘iest Virginias,
conclude that the seasonal fluctuation in moth population is .eter-

mined almost entirely by weather condition.

A short history of tre pest status of tre codling moth
in the Annapolis Velley from 1884 until the present time has been
given in a previous section of this paper. 1In the light of tre
above citations particularly those from Shelford (1927 ) the reader

may be interested in attempting to correlate the reported fluctustior
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of the codling moth since 1933 with records o mzan monthly

.temperatures and monthly precipitation. traphs have been drawn
(Fig. 6 and 7) showing monthly Lezper.ture and precipitation date
for the years 1933 to 1245 as recorued at annapolis .oyal. waily
mean temper.tures are also given (rig. 8 and 9, for the months

April - uctober for the ye.rs 1940 - 1945.

May, June and July are probably the most critical months
from the standpoint of actual development -f the codling moth in the
annapolis valley, since it is during these mcnths that the over-
wintering brood pupates, emerges an: lays the e.gs which give rise to
first generation larvae. neference to rig 7 will show the relatively
small fluctuations in average monthly me~n temperatures fren ye.r to
year for these months. 1t will be noted that three of the jyeurs
with the highest May temperatures (1937, 1940, 194z and 1944) are
years of codlin- moth abundance with 1942 showing a good correlation
in this respect. :here is little or no corresphoudence between June
and July temper.ture and relative amounts of codling moth abundance.

there are striking fluctuations in the amounts of
precipitetion recorded for each month from ye-r to ye-r (Fig. 6 and 7)
It is of interest to note whether or not there has been an occurence
of the correlation which ohelford (1927) records as existing between
autumn and spring: rainfall and codli.g moth a.unaunce.

the year 1942 was one of exce tional codaling moth .puidance.
rotal rainfall during the preceedi.g autumn and winter was aobout
average. Gctober rainfall however was consiieracly above aver .ce,
precipitation in 1942 was below aver=¢e for the mon:s of april,
may and vune. This is the oni; year for the period 1933 - 1945

that precipitation was below average for all three wonths.



&Figo 6).

A pronounced increase is recorded for 1937 in com-
parison with the previous year. Rainfall during the preceeding
September was exceptionally heavy while that for April 1937 was
considerably below average. The mean monthly temperatures for
4April, May, June, July and august were all above the averages for
these months.

In 1943, a year of decreased abundance, the rainfall for .
May, June, July, and August was considerably above the average for
these months (Fig. 6). The mean monthly temperature for April was
considerably below average while that for May, June, July and August
were either about average or slightly above average.

Although 1936 was evidently an "off year" for codling
moth there is little evidence that this is correlated with rainfall
conditions, unless it is significant that the rainfall for May and
June was somewhat above average. Jlemperatures were about average
for the station but little below average for the period 1933 - 1945.

1944 was reported as a year of decreased abundance. <lhere
is little evidence that Shelford's hypothesis applies in this
particular instance. On the whole the rainfall for the previous
autumn and winter is somewhat above the average, although that for
September and January was rather low. April rainfall was a little
below the average, that for May was exceptionally light, while that
for June was high. Temperatures for May, June and July were above
average.

t'he general impression gained after exeamining our records
of codling moth abundance in relation to precipitation and temp-
erature and then attempting to apply Shelford's (1927) hypothesis
is that there is probably a basis for it, but that no conclusions



should be drawn to this effect from the dzta presented in this

paper.

in studying these records it should be kept in mind that
whereas weather conditions directly influence codling moth develo -
ment, their effect on sewsonal prevalence may be both direct and
indirect. Lthus & heavy frost which causec a poor set of apples in
a number of codling moth infested orchards in 1945 definitely
affected the codlin_ moth population in these orchards. 1t resulted
in a high percentzge of injured fruit among those that Jid set and
also resulted in a low overwinteris, populotion where re_ ular
spraying was done. ror this reason it .zs difficult to esiinate the
rel.tive abundance of the insect in 1945.

ohelfora (19<7,) aid not oifer an cx_ lalaliOu aS LO LOW
heavy autumn and winter rainfall fol_owed by comparatively 1li.nut
spring rainfall, or how the opposite conaitions, influenced codlin;:
moth .bundance. FPossibly a clue as to how these coanditions coull
operate is to be found in the results obtained by gutting over-
wintering larvae in "wet and dry" pots and keeping them there until
the moths had emerged. wmoths emerging from conditions of constant
high humidity died within a few d.ys after emergence and laid ‘ew
eggs (kig. 29 and wable 10). applying this information to »>i.elfori‘'s
findin-s the following is offered as at le:st a partial explanation
of the way in which autumn ana spring oprecipitation would oe likeuy
to influence codling moth .bundance. it is based on field observ.itions
as well as the results of the "wet"and "dry~ pol experiment. cvodling
moth larvae tend to avoid wet situations whe:n choosin.: hibernation
in f.ct a small percentage will leuve such csituations in

quarters.
the soring, just rrevious to pupation, and buili new cocoons in

drier situations. wouling a dry autuun meny larvae will accept over-
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wintering quarters in situations which are later constantly wet

under conditions of excess precipitation. in a wet spring many

of these situations never dry out until after completion of the
emergence of moths of the overwintering brood. .ost of the larvae
become moths but are short lived and lay few eggs. wuring a wet
autumn larvae seek the driest situations which are otherwise suit-
able for hibernation quarters. ln the spring, particularly in a dry
spring, such situations are favourable for the production of normal
moths. <Lhe evidence at hand indicates that overwintering larvae
which leave constantly wet situations just previous to pupation and
form cocoons under drier conditions, give rise to short lived moths
which lay fewer eg:'s than moths which during the larval stage had
been under more favourable conditions.

It may be of interest to compare the averuge mean monthly
temperatures of two stations in the annapolis valley with those of
stations in or near apple growing areas inlmew srunswick, raine,
Juebec, ntario and tngland. +his is done in table 1. when this
record is studied in conjunction with records concerning the intensity
of the codling moth problem and the prevalence of a second generation
in these areas, it is evident that there is a quantitative correlation
between the appearance of a second generation in an area and mean
spring and summer temperatures. .1t is not so certain howevar that
the intensity of the codling moth problem can be directly correlated
with the mean temperature conditions in a region. Itor the con-
venience of the reader the following brief notes are given concerning
the relative intensities of the codling moth problem and of the

appearance of a second generation in the localities listed. 1Lhe

source of information is given for each.

annapolis Koyal, N.3. : Codling moth not a problem in
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commercial orchards in this area. Sporadic outbreaks sometimes

quite serious for a few years in unsprayed orchards at Lequille
and Graywood just South of Annapolis Royal. Segond generation
insignificant. (Author's observations).

Kentville, N.S.: Codling moth problem persistent eand
serious in some commercial orchards at or near thi: station,
particularly at Berwick and Gaspereaux. Seccnd generation generally
insignificant but occasionally of importance as in 1942. The
Percentage of first generation transforming to adults in th= same
season is small even in a year like 1942, when it was apparently
less than 1 per cent (Author's observations).

Fredericton, N.B.: Codling moth not a serious problem
in commercial orchards (Verbal statements of C.w.B. Maxwell and
F.T, Lord). Wormy apples are found quite often in unsprayed blocks
of trees. In 1942 they were quite abundant on unspraycd trees at
Shediac Cape. &No record of a second generation. (Author's
observations).

Portland, Maine: Codling moth not a serious problem in
commercial orchards (Verbal statement Dr. F.H. Lathrop 1941). Status
in unsprayed orchards not known. Small second ge.eration; approx-
imetely 1 to 2 per cent in 1513 & 1914 (sieglar and Simaanton 1%lo).

Montreal (Southwestern Quebec): Codling moth " a most
important pest in some of the orchard districts". Apparently a small
second generation generally occurs every year in the Southwestern
districts. "Fpom our records of emergence of moths in the insectary,
48.987 per cent in 1937, and 16.89 per cent in 1v38, of larvae of
the first generation transferred to form a rartial second generation.

(Beaulieu 1938) "It would seem......that the second generation would

be importent only in certain years". (Beaulieu 1940).



IaBLK LI: A& comparison of the average mean monthly temperatures at a number of met-
eorological stations in or near a_.ple .rowins areas in mastern canaaa,
the state of wmaine, and southern rngland.

Annapolis Kentville firedericton rortland ..ontreal vineland =xothamsted

Nedo NeDe NeB, maine Que vnt mngland
January 23.0 19.5 12.8 22.2 13.0 24.0 37.7
February 23.4 18.6 14.9 23.5 14.5 22.5 38.1
warch 30.4 £9 .4 26.2 32.4 25.6 31.0 41.1
april 40.2 40.0 38.9 43.0 41.4 43.5 45.5
slay 50.0 49.0 49.8 53.3 55.2 55.0 52.5
June 58.6 58.8 650.1 62.5 64.9 65.5 57.2
July 63.9 65.5 67.0 S e 1 62.6 70.0 BU.7
Auust 63.0 64.4 63.7 6.4 67.0 68.5 59.9
september  57.9 57.1 56,2 59.6 58.8 62.0 55.8
cctober 49.2 49.3 45 .6 4.5 46 .7 50.0 . 48.9
wovember 37.9 35.9 33.2 3-.4 33.1 40.0 42.3
vecember 2s el 24 .4 19.1 27.2 14.6 30.5 333

‘8€
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Vineland, Unt: Codling moth problem persistent and
serious in many commercial archards. “The most destructive apple
and pear insect pest in Ontario™. (Caesar 1911). An average of
about 12 per cent of the first generation larvae pupate and give
rise to adults and a second generation. ‘he percentage during the
period 1923 - 1928 varied between 4.5 and 44.0 per cent (Hall 1929).

Rothamsted, (Southeastern kngland): Although generally
present the codling moth apparently is not as serious a pest as in
parts of Eastern Canada; at least not in the vicinity of East
Malling. it is however of sufficient importance to warrant some
experimental work on the development of control methods. & small
second generation occurs, which is evidently quite similar to that
in the Berwick area of Nova Scotia. (Steer 1936, Montgomery et al
1940).

At Berwick, the centre of the worst codling moth in-
festations in the .4annapolis valley, the mean daily temperatures on
hot days, during the summer are considerably higher than at Annapolis
Royal (Fig. 8,9,10,11) or at kentville (Fig. 10). The maximum
temperatures at serwick on hot days are generally considerably higher
than those at Annapolis Royal (Fig. 11).

The difference in temperature conditions between Bgrwick
and Annapolis Royal in 1941 resulted in a considerable difference in
the time and rate of codling moth pupation and emergence in the
insectary at those two points. ‘this is shown graphically in Fig. 12.
Although there were small daily and weekly differences in the mean
temperatures obtained for these two points it seemed doubtful whether

the differences as recorded were sufficient to account for the

difference in the rates of codling moth pupation and emergence. For

this reason & record has also been included in Fig. 12 showing the
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neekly variations in the number of hour-degrees for each of seven
jifferent temperature ranges of 10 degrees each lying between 30°
and 100° Fahrenheit, for Berwick as compared with Annapolis Royal.
Note that, whereas at annapolis Hoyal there was an excess of hour-
legrees of low temperature (30°-500F), at Berwick there was con-
siderable excess of hour-degrees of the higher temperature ranges
(609-90°F). ihe period, May 20 to July 28, during which this excess
of hour-degrees of high temperature prevailed at Berwick, was also
the most critical from the standpoint of codling moth development
since pupation, emergence and oviposition by the over-wintering brooc
and hatching largely took place during this time. 1t is quite likelj
that this difference in temperature conditions at those two poir

is sufficient to account for the fact that second generation ent es
are of economic importance in heavily infested orchards at Berwick
and vicinity whereas no second generation entries were observed in

a quite heavily infested but unsprayed orchard at Lequille. <There
is the possibility of course that natural control agents were
responsible for the lack of late entries near nnnapolis Royal.

‘he rate of pupation and moth emergence is accelerated
as the mean temperatures become increasingly higher during the
late spring and early summer ( tables 3 - 7).

The period of pupation and moth emergence was shorter in
seasons when mean temperatures were relatively high than when the
nean temperatures were lower. 1lhis is evident if pupation and
noth emergence records in 1942 are compared with those in 1940, 1941
and 1943 (Fig. 20).

As the mean temperatures gradually increase during the

sarly summer they bring about a decrease in the incubation period.



41.

f mean temperatures gradually go down during the latter part of
uly and early august as they did in 1940 and 1943, the incubation
eriod lengthens (tables 12-14). In table 2 data is summarized from
.ables 12-14 showing that each incubation period is correlated with
. characteristic range of mean temperatures for that period. Dis-
repancies in the record are largely due to the fact that the time
if oviposition and hatching was generally recorded not oftener than
mce a day so that an error of as much as 24 hours or even more, is
mite possible. It is of interest to note that these correlations
\gree quite well with those obtained by Glenn (1922) in Illinois.
'ABLE 2: Comparison of the mean temperature ranges determined for
the approximate incubation periods recorded for codling
moth eggs reared in insectaries at Annapolis Royal and

Berwick, 1940, 1941 and 1943.

Ranges of Mean Temperatures for Incubation Periods

ncubation  annapolis Royal Berwick, Berwick, N.S,
period N.S5., 1940 N.S., 1942 1943
) days 73.3-74.5
' days 70 70 -71
, days 69 - 70 66.4 -70 69.6-70.8
' days 67.5 - 69.5 64.6 -69.3 67.9-69.4
- days 65.8 - 66.9 63.0 -66.4 65.3-67.9
. days 63.9 - 6647 64.2 -64.9 61.0-65.7
. days 63.1 - 64.7 61.0-64.1
~days 61.7 - 62.4 60.1 -60.7
. days 53.8

The longevity of moths is in general decreased by an
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increase in mean temperatures. This is indicated in Fig. 13 giving
e o
the results or'records obtalned in 1940 and 1942.

. The evidence for a correlation between mean temperature
and length of fhe larval feeding is not particularly clear. However,
the record for 1940 (table 15) does indicate that, in general, larvae
which stargigkféeding at the beginning of a warm period, completed
their feedi:é in a somewhat shorter time than those which fed during
cooler periods. 'the record for larvae reared in 1942, at Berwick,
indicates little significant difference in the larval feeding periods
of the groups of larvae hatching over the period June 25 to August 22.
Reference to mean tempgpatures for 1942 (Fig 9) shows that the general
temperature level kept“up fairly well until past the middle of
September. No attempt has been made here, as was done by Glenn (1922),
to determine a mean temperature characterisfic of different average
larval feeding periods. It was found (tables 15 and 16) that the
larval feeding periods of the individual members of a group of larvae
hatched at the same time and reared in the same jars may vary from as
much as 15 to 63 days. Glenn (1922) also reports great variation in
feeding periocds of larvae reared under identical temperature conditions.
It is ovident‘that factors other than temperature influence the length
of the larval period.

The influence of weather conditions upon codling moth
activity in respect to egg-laying is of great economic importance
and is often referred to in articles concerning the timing of sprays
against this insect. "It is generally agreed that the moths require
calm evenings and a temperature above 60° F for egg-laying" (Steer
1936), Newcomer and Whitcomb (1924) and others have shown that few

eggs are laid at temperatures below 60°F. Observations made in the

Annapolis valley fully substantiate this. Isely (1938) st=tes that
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the largest number of eggs were laid when the mean daily
temperature was 80.6%. He found that too high a temperature
for only a few days will prevent newly emerged moths from ever
laying ezgs. He also states that moths that had been exyosed
to excessive temperatures as larvae or pupaé tehded to be
sterile. wuring the course of the present studies there was
never any evidence that temper.tures became sufficiently high
to prevent egg laying or to cause sterility of reared moths.
The few batches of sterile eggs that did turn up could be
accounted for by non-fertilization due to lack of males in the
cages. Newcomer and whitcomb's (1924) records show that a
large proportion of the daily oviposition may be done auring
the éfternoon. 1his has been observed repeatedly in the
inéectary at Anﬁapolié royal and serwick. nea&y oviposition
in lan@ern globes in the insectary is particularly noticeable
on warm, overc:st aftérnoons. there is the possibility that
the same thing occurs in shaded situations in apple orchards
on such days.

Bait pan records suggest that evening temperatures
have a differential effect on the flight activity of the two
sexes in that there tends to be a larger proportion of males
captured at minimum flight temper.tures than at higher temp-
eratures. ‘Lhis is represented graphically (kig. 14,15,16,17)
for moth captures made during the seasons of 1940, 1941, 1942,
and 1943. '1his temperature effect is superimposed upon a

gradual increase in the percentage of females captured as the

season advances.



Ihis.latter phenomenon arises out of the f.ct that
the moths of the over-wintering brood which first emerge are
mostly males. . As more and more moths emerge the proportion
changes until a majority of the last to emerge are females.

Data represented in rig. 14-12 also indicate that
heavy or-prolonged rainféll tends L0 aepress the percentage
of females in bait pans, even chough evening temperatures are
favourable for moth activity.

Data represented in the same figures also indicatae::
how evening temperatures below 60° and how rainfall reduces

the total numbers of moths taken in bait pans.

Vo LIFE HISTORY OF 'tdE CUDLING MUTH IN NOVA SCOTIs

A. Introduction

iwelve years ago prittain and Pickett (1933), in an
account of the codling moth in nNova scotia, stated that
“Ordinarily there is only one generation a year under our
conditions, but in cases where the season is exceptionally
long with an abundance of warm weather, there may be a
partial second generation. ‘'he results of the present study
indicate that this statement is essentially true. vuring the
period since this study was started there has been only one
year, that of 1942, in which there were sufficient numbers of

second generation larvae to cause. a serious amount of injury.

ln that year certain well sprayed orchards in the codling moth

area suffered more loss from second generation entries than
they did from the first. uhis was due to the fact that large
numbers of second generation larvae hatched and entered fruit

44.
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in late august and early september (rig 30) after the protect-
1ng spray cogmlng had become much weakened‘by wezthering and
the expansion of the fruiy. llhese late larvae succeeded in
forming a large proportion of'deep entries whéreas a very high
percentage of théﬁfirst generation entries in these orchards consist-
wd-ofstings. 1his was the only year in which we succeeded in
rearing second.generation larvae, (eleven in all) in the in-
sectary. 1n 1941 two first generation moths, a male and a
female, wefe4obtained,from caged material but no eggs were
obtained even though the moths emerged only two days apart
'Qaug 18 and 20) and were caged together. Small numbers of
late bait ban captures and fruit entries provide circumstantiai
évidence that there was a slight second generation in certain
heavily infested orchérds in 1940, 1941, 1944 and possibly 1945 as
well as the economically important one in 1942 (Fig 23 and 30).

Because, so few first generation moths turned up in the
course of the rearing work it has not:been possible to gather
much life history data on a second generation in Nova Scotia.
The life historyAstudy here reported largely refers then to the
single annual brood, which is chuaracteristic of the insect in
the Annapdiis valley. Yhis is followed by the limited amount
of data a;ailable regarding the occasional'appearance of first
generation moths and of second generation eggs and larvae in
the area.

B. Overwintering Srood

l. ‘The Pupal Period
| Hecords of the time and rate of pupation of caged
larvae were obtained in 1940, 1941 and 1942. Uuring these years

pupation started between May 12 and May 22. However pupation



atarts somewhat earlier than this in favourable situations
on tree trunks, as is indicated in the records of tree trunk
examinations (Fig. 18 and 19). fhe pupation period shortens
as the season advances, reqhiring around 30. to 35 days at the
beginning and 12 to 20 days for larvae pupating toward the end
of June (Tables 3 -7 ). Although the pupation period starts
somewhat earlier on tree truns than in cages it also extends
somewhal longer. 1his is due to the greater variety of cocoon
sites preéent on the tree, varying from dry situations exposed
to direct sunlight to damp situations which are always shaded.
2. Moth Ekmergence

Records of moth emergence come from three sources:
caged material, tree trunk examinations, and bait pan captures.
'Ihéseualag;i represented graphically in kig. 18 - 22 in which
cﬁmparisons are made of records obtained from various sources,
‘and in different years. An atiempt is also macae to cor.elate
graphically the time relation between pupation, moth emergence,
lafval entries into fruit, larval feeding periods, temperature
conditions and, for 1941, the development of the apple variety
McIntosh (Fig. 25 and 26).

Codling moths may start emerging as early as the last
week in May as is shown by tree trunk examinations for 1942
(Fig.19) gnd bait pan captures in 1944 (Fig.23). The over-
wintering brood completes emergence in late July or early
August (Fig. 20). Moth emergence starts earlier and extends
later in the orchard than it does from cocooning sticks or rclils
of corrugated paper kept in wire cages or boxes (Fig. 18 and 19).
The earliest emergence in the orchard is from dry, unshaded

situations on the sunny side of tree trunks. <The latest
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TABLE 3: Record of pupation of larvae gathered from sprayed
erghards and kept in cocooning sticks in Cutright
cages at Annapolis royal, 1940.

— —

Date of Number of‘ Cumulative Pupai Period in Dgys
Observation Larvae # Pupated bLkixtremes For the majority

May 12 186 o)
18 109 41.4 28 - 40 30 - 35
20 . 91 51.0 28 - 38 33 - 35
23 88 52.7 33 - 36 33 - 36
25 58 68.8 22 - 34 31 - 34
28 31 83.3 23.- 38 30 - 33
June 7 8 95.7 23 - 48 26 - 33
10 7 98.2 30 30
16 5 97.3 25 - 29 25 - 29
20 2 98.9 23 - 28 23 - 28
. 25 1l 99.4 22 22
July 1 ¢] 100.0 22 22

TABLE 4: Record of pupation of larvae gathered from unsprayed
and otherwise neglected orchards and kept in cocoon-
ing sticks in Cutright cages at annapolis koyal, 1940.

—
-

Date of Number of Cumulative Pupal Period in Days
OCbservation Larvae % Pupated Extremes IFor the majority
May 12 175 0]

18 83 52.6 23 - 47 27 - 30

20 71 59.4 a7 - 32 28

23 71 59.4

25 40 77.0 22 - 35 23 - 26

28 37 78.8 28 - 29 28
.June 7 4 97.7 15 - 49 22 - 26

10 1 99.4 27 - 81 27

16 1

20 -1

25 1
July 1 0] 100.0 22 22




TABLE &§: Record of pupation in cocooning sticks in a Cutright
cage at Berwick, N.S., 1941.

b e ——— ———————————— ———

Date of Number of Cumulative Pupal Period in uays
Observation Larvae % Pupated Extremes For the majorIty

May 21 284 0 0 0
22 247 13.0 25 - 32 29
23 244 14.0 28 - 31
26 239 15.8 26 - 28 28
28 124 56.3 23 - 38 23 - 26
.June 2 94 66.8 18 - 26 21 - 25
3 93 67.2 20
6 69 75.7 17 - 25 22 - 24
8 ~ 68 76.0 19
10 67 76.4 35
12 45 84.1 12 - 27 18 - 20
14 40 85.9 16 - 20 18 - 19
16 30 89.4 16 - 23
18 29 89.8 14
20 19 93.3 15 - 18 16 - 18
21 15 94.7 17 - 20
23 3 98.9 14 - 26 14 - 18
27 1 99.6 13 13
July 1 0 100.0 16

TABLE 6: Record of pupation in cocooning sticks in a Cutright
cage at Annapolis Koyal, 1941.

L —

Date of number of Cumulative Pupal Period in Days
Observation Larvae % Pupated Extreme For the majority

May 16 555 0
17 5563 0.3 24 - 42
22 552 0.5 40 40
23 520 6.3 30 - 57 34 - 36
24 519 6.4 36
26 485 12.6 26 - 42 32 - 35
27 467 15.8 31 - 34 32 - 34
‘ a8 462 16.7 24 - 34 33 - #4
29 434 21.8 30 - 34 32 - 33
June 1 429 22,7 29 - 33
2 415 25.2 29 - 33 30
3 391 2905 280- 31 28 - 29
5 370 33.3 26 - 30 26 - 30
7 351 36.7 24 - 33 27 - 29
10 = 326 41.2 25 - 27 26 - 27



‘'able 6 continued

Date of * Number of Cumulative Pupal Period in bays
Observation Larvae % Pupated E:Tﬁ-—e'n;T'_‘FoT’Eﬁe_'ﬁ_a,]'o—%{}_
June 13 314 43 .4 23 - 25 24
16 287 48.2 21 - 25 22 - 24
17 282 49.1 20 - 25 23
18 278 49.9 20 - 25
19 254 54.2 20 - 29 cl - 24
20 237 S7.3 22 - 27 23 - 24
21 197 64.5 21 - 32 22 - 26
22 190 65.7 23 - 27 24
24 149 73.1 18 - 28 23 - 24
25 148 733 24
26 130 76.5 19 - 24 22
27 127 77.1 21 - 23
28 111 88.0 20 - 28 20 - 21
29 109 80.3 19 - 21
30 - 87 84.3 19 - 23 19 - 22
July 1 72 87.0 18 - 26 18 - 23
2 52 20.6 20 - 25 21 - 22
3 49 921l.1 21 - 22 21
4 43 92.9 20 - 23 21 - 23
S5 29 94.7 19 - 23 20 - 22
6 25 95.5 21 - 22
7 19 96 .5 18 - 23 21 - 22
8 9 98.3 17 - 30 20 - 22
10 8 98.5 13
11 6 98.9 20 20
13 5 99.1 19 19
14 4 99.2 18 18
15 3 99.4 29
16 1l 99.8 22 - 23
20 0 100.0 20 20
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TABLE 7¢ Hecord of pupation in cocooning sticks in a Cutright
c#ge at pserwick, 1942.

m e e e e

Date of Number of Cumulative Pupal Period in bays
Ubservation Larvae » Pupated ~EXTremers

May 16 168 0
18 | 163 0.6
21 162 3.6 31 - 33 |, 32
23 156 7.7 31 - 34 33
24 | 163 2.0 33 - 31 31
25 152 2.5 32 - 32 32
27 149 11.3 31 - 31 31
30 147 12.5 29 - 29 29
June 3 145 13.7 26 - 26 26
6 144 14.2 32 - 32 32
12 127 24 .4 16 - 25 20
13 124 26.2 19 - 20 19.5
16 123 26.7 18 - 18 4 18
18 69 59.0 14 - 25 16.5
20 67 60.0 16 - 16 16
a3 27 84.0 13 - 19 15
.24 19 88.6 12 - 18 16
25 18 89.9 17 - 17 17
26 13 92.0 15 - 18 16
28 7 95.8 12 - 18 15
29 3 98.2 15 - 15 15
30 1 99.3
July 1 0 100.0 17 - 17 17
Average 17.2

emergence is from damp, heavily shaded situations suéh as
wounds, or heavily mossed bark near the sround and on the

north side of large tree trunks. wsmergence of caged material
oceurs over a considerably shorter period because the
environmental conditions have less variation. ihus the
emergence from cocooning sticks or paper rolls kept in a
constantly wet clay pot starts later than from a dry clay pot
under conditions of constant shade. moth emergence under these
chditions is, in turn, later than from wire cages or ooxes

under conditions of semi-shade where hung in trees or set on

insectary shelves (rig 21).
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The bait pan captures reflect moth emergence in the orchard,
as determined by periodical trunk examinations, better than do
records of moth emergence from caged material (Fig. 18 -22). Un-
fortunately, because of lack of personnel and other practical
considerations, it was not possible to obtain extensive enough
records to give really accurate percentage figures for pupation
and moth emergence in the orchard as a whole. <ihe records from
week 1o week were sometimes quite inconsistent due to the fact
that only one large tree or two or three small ones were done
on any one day and the difference in hibernating conditions
between different trees is too great for such a record to reflect
accurately the average of codling moth development of all the
trees in an orchard. However, since bait pan captures arise
out of moth emergence in the orchard it is only reasonable to
expect that there should be considerable correlation between
the two.

An examination of the records for the years 1940 -
1943 (Fig 22) indicates that there is a delay of several days
between comparative percentages of moth emergence from tree
trunks and bait pan captures. 4‘his is quite pronounced at
the beginning of the emergence period but tends to disappear
toward the end. To some extent this record apﬁears to be in
sccordance with the findings of Nel (1940) working in South
Africa, who, on the basis of the dissection of 236 female
codling moths captured in bait pans during the peaks of catches
showed that the majority of moths had laid a large part of or all
their eggs. In contrast to this Bobb (1938) reports that in
Virginia a high percentage of females caught had deposited but
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few eggs before flying into traps, and "that less than 5 per cent
had deposited their full quota of eggs. Spuler (1927) and Yothers
(1927) also report that a very high percentage had laid but few
eggs before flying into the traps. .1t was the general opinion of
all three that most females are captured soon after emergence.

No records have been kept of the number of eggs present
in female moths captured in bait pans during the course of the
present study. Such a record should be based on samples examined
throughout the season as it was obvious that the percentage of
gspent females varied during the season. Most of those taken early
in the season contained a large proportion of their.eggs whereas
a majority of those taken after the peak were partially or wholly
spent. Lhis general conclusion is based on the observation, made in
the course of sexing the moths, that the female that is full of eggs
has a full spongy abdomen, whereas a spent female is conspicuous
because of the prominence of a firm cartilaginous-like structure,
probably the bursa copulatrix, located inside the posterior third
of the abdomen.

Nel (1940) says that the peaks of egg-laying apparently
occur before the peaks of bait trap catches and therefore advises
that critical ovicidal sprays should be applied before or
immediately after peaks of catch, not 5§ - 10 days afterwards. A

study of the graphs accompanying this report does not lend support
to the sbove advice (Fig 18, 25, 26 and 31) inasmuch as the

relations indicate that a period of ten days or more elapses between
corresponding percentage figures or peaks for these two’phenomena.
In Washington Stute Moore, webster et al (1939) have found that

a period of as much as 25 te 30 days may elapse between the peak
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of bait pan captures and peak of larval entries. This is’quite
similar to the relation found in the Annapolis Valley.
(a) Time of Vay for Moth rmergence

In cages most moths emerged between 9 a.m. and 1 p.m.
A.S.T., with the heaviest emergence occuring between 10 a.m. and
12 noon. Very few emerged before 9 a.m. or after 3 p.m.

3. 1lhe Sex Ratio of heared iuothg:-

This was obtained for four different years (Table 8).
A slight preponderance of females is indicated.
TABLE 8: Sex ratio of reared moths.

Years lotal Moths % Males % Females
1940 667 45.3 54.7
1942 781 44.2 55.8
1943 1068 51.0 49.0
1944 | 209 48 .4 51.6

These figures correspond quite well with those of
Hall (1927). Workers generally record a slight preponderance
of females. In Washington State, Newcomer and Whitcomb (1924)
report 59 to 64 percent females, which is relatively high.
4. Uyiposition

The record for caged moths is represented graph-
ically together with curves for mortality of male and female
moths (Fig 27 - 29). 1In 1940 the average pre-oviposition
period was between 3 and 4 days. 1t is only rarely that a
moth oviposits within 24 hours after emergence and occasionally
the pre-oviposition period may be as much as 8 to 10 days. at
Annapolis Royal, in 1940, 80 percent of the eggs were laid by
the twelth day after emmrgence. At Berwick in 1942 and 1943,



TABLE 9: A comparison of the average number of eggs laid per female per lantern-globe
cage for 1940, 1942 and 1943 (a) For the I'en highest averages per season (b)
The average number per female for the season.

e ———————

'1940(Annapolis Hoyal) 1942(Berwick) | 11943 (Berwiek)
Average no. LUates Average .no. Dates Average no. Dates
No of of Bgge per Moths No of of kggs per Moths No of of kggs per Moths®

Females ~ Female ‘kmergedd Females Female . kmerged ftemales Female tmerged

- -~

(a) Ten highest oviposition évéraées:

3 115.0 July 12 1 158.0 Aug. 6 7 . 61.3 ~ July 8
16 110.0 July & S 109.2 Aug. 9 10 35.2 July 16
13 105.0 June <24 8 85.7 Jun.29 15 31.3 July 14

3 105.0 July 15 -3 83.0  Aug.l2 15 30.8 July 7
13 96.7 July 2 7 76 .4 Julyl®- 12 27.3 July 11
15 92.0 July 19 ) 73.0 Julyls 9 26.5 July 12

) 89.0 June 27 7 692.0 Julyl4 23 24.2 June 25

6 85.0 July 18 7 59.0 July 1 8 19.6 July 10
15 75.6 June 30 24 57.0 June28 5 19.0 June 20

(b) Average number of eggs per female for all cages:
295 62.8 Jun. 17-Jul.24 436 36.3 Jun.2-aAug. 18 279 17.6 Jun.ll=Jul.26

oig


http://Average.no

80 percent of the eggs were laid within eight days after
emergence. at Berwick egg laying was completed by the eighteenth
day .

Se _Number of Eggs per Moth

Very few records were made of the number of eggs

laid by individual moths. & record of the average number of
eggs laid by different groups of females, and the seasonal
averages for 1940, 1942 and 1943 is presented in table 9.

It will be noted that there has been a decline in
the nuxber of eggs per female during the period 1940 to 1943.
In 1944 there was a further decline to an average of 12.1 eggs
per female for 216 females.

Moths emerging from the wet clay pot (Fig 29) laid
very few eggs compared to those laid by moths emerging from the
dry clay pot or from other types of dry cages. <Llhe numbers are
compared in table 10 below:-

TABLE 10: A camparison of ovipesition records for females
emerging from wet and dry quarters at Berwick, 1943

and 1944.
Wire Cgges Dry Clay Pot Wet Clay Pgt
Year No of Lkggs per No of Eggs per No of Eggs per
VYemaleg Female Females Itemale Femaleg Female
1943 279 17.6 118 27.7 215 3.0
1944 - - 216 12.1 6l 8.0

The larger number of eggs per female for the wet
clay pot in 1944 may be partially due to the fact that the pot
and its contents became dry, or nearly dry, on several occas-

ionse.
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6. Length of Ljfe of moths
Records for the years 1940, 1942 and 1943 are represented

graphically together with records for oviposition (Fig. 27-29).
Note that the moths emerging in 1940 at Annapolis Koyal lived longer
than those emerging in 1942 and 1343 at Berwick. lhis is probably due
to the higher temperatures prevailing at Berwick. mvery year it
has been observed that moth longevity is in inverse proportion to
prevailing temperatures. ihat is, as temperatures become higher
the length of life is shortened (Fig 13) as is also the period
of oviposition. ¥emales tend to live somewhat longer than males.
A few moths lived for as much as 30 to 39 days, at Annapolis
Royal, but this was exceptional. At Berwick 80 per cent or more
of the moths died within 16 days after emergence. uiost of the
moths which emerged from cocoons which had been kept under
constantly moist conditions died within a week (Fig 29). The
average length of life of males at Annapolis Royal in 1940 was
17.2 days, while that for females was 17.7 days. 4he average
length of life of males from day cages at Berwick in 1942 was
8.8 days, while that for females w.s 10.5 days. ihat for
males at Berwick in 1943 was 8.6 days while that for females

was 1l.5 days.

7. Ltime and Place of mgg Deposition
While no records were obtained directly regarding the

time that eggs are first deposited in the orchard, yet this
date can be estimated fairly accurately on the basis of the
record for first larval entries into fruit together with the
estimated or known incubation period of eggs for that part of

the seagson immediately preceding the first entries. reference
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to oviposition periods in tables 12 - 14, together with data
of first entries (fig 30) indicates that the first eggs were
laid shortly before closure of the calyces of the variety
McIntosh.

During the early part of the season most of the eggs
are laid on leaves with a very few being laid on the fruit. How-
ever, as the apples grow larger more and more eggs are found on
them. Numerous records show that the moths tend to concentrate
their egga in the vicinity of fruit. For instance, if practically
all the apples of a tree are on one branch, a count of codling eggs
on leaves will disclose a much higher number on the leaves on this
branch than on those branches with few or no apples. ihe follow-
ing are some records of codling moth eggs counted on leaves
picked near apples as compared with leaves from twigs growing
at a distance from apples (Table 11).

These records were obtained from four trees enclosed
in large cheese cloth covered cages (16' x 16*' x 16'). A known
number of codling moths emerged in these cages, and since they
could not escape, a concentration of eggs and larvae was obtained

on the enclosed trees.

TABLE II: & record of the number of codling moth eggs laid on
leaves taken near apples as compared with leaves fram

twigs without apples. Berwick 1944.

— Feaves 1058 Leaves DIStant

Leaves to apples from Apples

Tree Orchard Date txamined Number Eggs Number kggs

1 Drew July 26 100 32 6

2 Drew Juig 26 100 31 2

2 Drew Aug. 24 250 8 g

3 S. Yarmouth July 15 200 35 .

3 S. Yarmouth July 24 200 25 17

4 S. Yarmouth July 17 200 31 Z

4 S. Yarmouth July 27 100 29
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ﬁhe time of day that eggs are laid is of practical
impbrtanee/infestimating the probable amounts of oviposition
going on from day to day. Students of the codling moth seem
generally agreed that in the orchard most eggs are laid in the
early evening, starting shortly before sundown. -=ait pan cap-
tures indicate that this is the period of moth activity. sSome
gpecial records of cepiures in pans at Berwiek indicate that most
moths are caught between shortly before sundown until acout two
hours after sundown. if the temperature goes below 60° r at or
shortly before sundown very few moths are taken. 1t has been
observed that if temperatures go below 60° i by sundown nearly
every evening for a period following the emercence of the first
moths, this is followed by a corresponding delay in the agpear-
ance of early entries in apples. This was particularly evident
in 1940 (rig. 14 and 25). Observation of caged moths in the
-insectary'indicatesthat under certain conditions lar:e numbers
of eggs may be laid during the afternoon and early evening. .his
is particularly noticeable on warm overcas:t dgys. Newcomber and
whiﬁcemb (1924 ) record that caged moths lay over 50 percent of
their eggs before 6 p.m. Since the shaded conditions in the in-
sectary are sufficient to induce considerazble egg laylig auring
the daytime it is not improbable that considerable egg laying may
also be done during the daylight hours in the orchard under con-

ditions of heavy shade, particularly on warm cloudy days, such as

often occur during July.



TABLE 12: Kecord of incubatio
in %he insectary at
correlation between incubatio
lemperatures for these periods.

Annapolis

n

.Ttoyalo

59,

N periods during the season of 1940
also, the
periods_and average mean

Average incubation period = 10.8 days

=
Number of wmggs rnatched for the indicated
Date incubation Periods. 00 K. Mean
Kggs-laid 6 7 8 9 10 11 12 13 Days  Temperature
June 26 32 61.7
27 : 20 62.4
28 78 63.1
29 34 63.7
30 18 63.9
July 2 19 42 64.7
3 48 64.8
4 28 64.8
5 230 64.6
6 83 64.5
8 59 64.7
10 102 64.7
12 69 64.9
13 72 65.0
17 61 = 67.5
19 58 59'0
21 88 9.9
23 23 29 69.4
24 31 102 70.0
Aug. 2 17 64.4
9 6 6405



&.

- TABLE 13: necord of incubation periods during the season of 1942
e . in insectary at Berwick. Also, the correlation between

incubation periods and average mean temperatures for
these periods.

o " " Number of mggs natched for the indicated
Date lnecubation Periods. 0° r. Mean
gggs Laid 6 .. 7 8 9 10 11 12 13 .:l4vays lemperature

June 10 g 53.8
12
13 20 60.1
14 59.1
16 4 3 60.7
18 2 62.9
19 17 4 gg.g
o2 7 .
23 36 23 69 .3
24 32 | 66.8
25 33 8 71.1
26 14 3 68.0
28 65 ~ 69.5
30 36 21 ;8-8
July 1 82 32 70.0
| 2 35 109 9 8.
3 14 60 03
: 9 =
5 8 .
6 11 27
7 72 .0
8 . °
10 . 11 9 gg-g
12 49 67.3
13 40 65.2
15 26 8 68.1
18 77 65.9
20 4 16 66.1
29 22 26 66:4
23 48 a1 65.1
gg 1 e 64.9
29 2 2 22'2
2 ®
Aug. ?2 - 12 12 gg:g
13 gi 69.4
%é 165 38 gg:g
18 gg 61.3
2l 6 5
22

Average incubation period = 8.84 days.
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TABLE 14: Record of incubation periods during the season of 1943
in®the insectary at Berwick, also,. the correlation

between incubation periods and average mean temper-tures
for these periods.

R e

Number of kggs Hatched for the indicated

Date Incubation Periods. 00 ¥. Mean
Eges Laid 6 7 8 9 10 11 12 13 vays l'emperature
June 23 33 62.7
| 24 13 62.3
25 o6 6l.4
26 - 27 29 140 61.0
28 | | 19 63.8
July 2 | 46 66.6
3 - 5 20 69 04
6 14 70.8
9 32 31 7343
10 38 74 .5
10 - 12 15 72.2
13 26 69.6
14 103 68.4
15 35 67 .9
21 157 63 .4
23 o4 .
o5 54 68.7
e 39 | 68.4
64.1

~:  sverage incubation period = 2.87 a&ys
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C. First Generation

1. incubation reriod of sggs

- lemperature conditions influence the incubation
period of eggs. ;n the course of this st.dy codling moth eggs
were recorded as ﬁatching in from as few as 6 days to as many
as 14 days after oviposition. uige average incubation period at
Annapolis noyal in 1940 for 2086 eggs was 10.8 days. <that at
Berwick in 1942 for 1599 eggs was 8.8 days and in 1943, for 1459
eggs it was 9.8 days. in the detailed records (lables 12 - 14)
note the range of mean temperatures characteristic of each
incubation period. although these are only approXimations yet
they are close enough to be of value in estimating the probable
incubation periods of eggs at difilerent times during the season

if daily mean temperatures are available.

2. lime of Hatching

| in tﬁe orchard this is indicated by entries into
apples. A comparative record of the occuwmence of new entries
.and inéreéée of tot:yl entries at Berwick for the seisons 1940 to
1945 is given in rig.30. <1he relation of entries to fruit develop-
ment of the Mclntosh is included in table 19. June 22, 1942, is
the earliést date that entries are known to have occurred in the
Annapolis valley. +he lates£ date recorded for the observance of
a first entry was July 10, 1943. <the record for first entries is

fairly accur.te, since a close watch has Dbeen kept for them every

year, starting in 1940. 1he numbers of entries generally increase

quite rapidly after the appearance of the first ones (rig 30). ‘'the
time when the peak of entries occurs varies from year io yeer

(Fig 30), starting as early as July 2 in 1942 and as late as July

26 in 1945. 1he relation-between time of hatching and moth
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emergence records and bait pan records has already been discusses
under the heading "™Moth Emergence“.

3. Length of Larval teeding Feriod
At 4Annapolis Royal in 1940, the average length of the

feeding period for larvae reared in jars was 37.8 days, with a
maximum of 74 days and a minimum of 23 days (Fig. 32, lable 15).
At Berwick in 1942 the average was 30.8 days, with a maximum of
63 days and a minimum of 14 days (Fig 33, iable 16). Some in-
dication of the larval feeding period in the orchard may be had
by counting the number of days elapsed between corresponding
percentage figures for cumulative entries into fruit and capture
of larvae in tree bands. 1n 1940 there was a fairly good
correspondence between the feeding periods of larvae reared at
Annapolis Hoyal and the number of days elapsed between correspond-
ing percentage points of curves for larval entries and band
collections at Berwick (Fig 25). No larvae were reared in the
insectary in 1941 but the number of days between the entry curve
and the band collection curve for that year is probably too great
to reflect reality (Fig 26). A comparison of the number of days
elapsed between corresponding percentages of the entry and band
collection curves drawn for 1942 shows a good correspondence with
the average feeding period of reared larvae; each being close to
30 days (Fig 34). In this case both field records are for un-
sprayed Gravenstein trees in the South Yarmouth slock. Jhe series
of entry counts was confined to the one tree. lihe mature larvae
were collected from bands on eight Gravensteins in the same
orchard. &ntries stopped early in this unsprayed orchard in 1942
due to natural control by irichogramma and possibly other agencies.
The cumulative percent curve for entries for 1941 (Fig. 26) is based
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*TABLE 15: A record of the dctes of hatching, number of larvae,
and ef the feeding period of each group of larvae
reared in the insectary at Annapolis xoyal in 1940.

S e T ————
——— =

Hatching No of reeding Period
-bate Larvae verage . NMinimum wigX 1mam
dJuly & 1z 31.2 29 33
28 - AC 3C 36.1 26 55
9 - 10 24 39.5 32 54
10 - 11 3C 37.8 29 56
11 - 12 12 365 32 48
13 - 14 13 41.2 23 62
156 - 16 16 30.0 23 45
16 - 17 13 32.3 27 36
17 - 18 14 30.9 28 35
18 - 19 9 29 .4 26 39
19 - 20 . 46 34.5 26 63
2l - 22 17 35.3 25 41
22 - 23 29 40.9 30 58
24 - 25 19 42.0 30 59
25 - 26 32 40.6 29 59
g6 - 27 .21 36.0 30 50
28 - 29 - 16 46.1 31 74
29 - 30 5} 43.0 33 54
30 - 31 10 38.2 29 47
July 3l-aug 1 10 36.3 31 49
Aug 1 - 2 9 38.0 29 52
3 -4 15 38.9 28 53
4 - 5 11 42.0 32 51
6 -7 14 40.1 33 67
9 - 10 10 41.8 34 59
10 - 11 14 45.5 32 64
iz - 13 6 4]1.6 36 48
17 - 18 11 40.0 30 oz
18 - 19 6 38.5 33 47

lTotal 474 37.87 average




TABLE 16: A record of the date of hatching, number of larvae,
and of the feeding periods of each group of larvae
reared in the insectary at Berwick in 1942.

—

i

‘Hatching - +No of Feeding reriod

~ Date Larvae Average Minimum Maximum

July 1 - 3 12 29.2 25 36
2 - 3 21 28.2 24 35
6 - 7 16 28.2 20 43
7- 8 10 27,3 20 - 37
8 - 9 43 31.6 18 63
9 - 10 24 38.0 17 59
10 - 11 45 31.0 22 45
11 - 13 57 31.5 15 63
13 - 15 79 30.9 16 55
16 - 17 19 31.6 14 53
17 - 18 50 29.7 22 47
18 - 20 37 31.3 16 50
20 - 22 34 28.4 16 48
22 - 24 20 30.0 21 52
25 - 27 11 26.3 21 43
a7 - 20 19 33.0 16 44
30 - 31 22 30.6 19 54

Aug 21 - 22 7 30.1 23 32
Total 650 30.8 average

on counts on a McIntosh in a sprayed orchard (D.L.B. Chute).
One of the curves for tree band collections is based on records
from 5 McIntosh trees in the same row of the same orchard. f%he
oether is based on collections from 2 Baldwin trees in the
adjacent Hiltz orchard.

‘‘he results of captures of codling moth larvae in
tree bands on four different varieties of apple in 1940 (Fig 35)
lugéested that possibly the larval feeding period was shorter in
the fruit ef Northern Spy than in McIntosh, Golden Husset and
Baldwin. 'The results of captures in bands in 1941, however,
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(Fig 36) do not support this. An examimation of the record for
"the twoﬂyears #ndicates that there is probably little significant
diffErence in the rates of larval development in these four
varieties. | |

The difference between the two curves for Northern Spy
in the two orchards uséd in 1941 may possibly be significant,
gsince the larvae from the w.L.B. Chute orchard came from trees
which had the regular pre-blossom and post-blossom arsenical sprays
whereas the larvae from the check plot in the Hiltz orchard came

from trees which received no arsenical sprays after the bloom. lhe

owner,however, had used an arsenical in -the pink spray.

D. Second Generation

iQ nesults from Caged material

| ‘mv~1n 1942.é-few caged first generation larvae pupated and
emerged éélmoths from which in turn second generation eggs and
larvae were reared.

(a) The following is a synoptic life history of three
moths obtained from first generation larvae which had been reared
in jars:- . |

(1) Overwintering brocd of moths emerged June 9

(2) Bggs laid.eeesecccsceccecccncacaccce June 11 to 13

&3) r‘ggs hatChedoooooo000000000000000000 dune% Lo 27

(4) Larval development and pupation in
.arQQQ..Q.Q..........C......l...ﬁ... Junezs-?

(5) krom which three moths emer:sed.... .. Aug. 4,10,17.
Ihese moths were caged with moths from other sources,
each in a separate lot so that their progeniés are merged with

those of first generacion moths from other sources.

Of 556 larvae collected from tree bands betvieen July 24
and July 31 only 2 pupated and became moths. Both were from larvae

collected on July 24. The moths emerged on August 16 and 19.
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Another source of first generation moths ' was the
collections of larvae and pupae taken from tree trunks. The
fbllowing is a record of the collections of unparasitized material
made on and after July 10 in the Coulter Block at Berwick (Table 17):
TABLE 17: | |

Collection Codling Moth Empty

Date Larvae Pupae Cocoons
July 10 1 14 147
15 3 11 97
24 10 S 126
31 60 17 -
Aug. 8 81 13 -
13 221 11 -
20 106 4 -
25 83 0] -

Empty cocoons were not counted after July 24. Irom the
above record it appe:rs that larv:.e of the overwintering brood
had practically completed pupation by the middle of July.
Probably the 5 pupae collected on July 24 were of this brood
wheress most if not all of those collected after this dute were
probebly first generation pupae. Apparently there was no in-

crease in numbers of pupae after July 31.

The evidence at hand indicates that whatever pupation
of first generation larvae occurred in 1942 was completed by the
end of July. 'lhis means that only a small fraction of one per cent
of the first generation larvae pupated during the same season in
which they hatched. Moreover: what ever pupation did occur took
place between about July 21 and 31. The cause of this early
cessation of pupation is obscure, involving as it does the problem
of diapause in insects (Wigglesworth 1942). If it is due to a
temperature relation, such as a temporary drop in temperature in



July, 1t 1s evident that some sort of irreversible action is
involved, sincg high and a parently favourable temper.tures
ocd&;red in August. Headlee (1931) reports data which indicate.
thai when the summer average weekly minimum temperatures reach
the immediate neighborhood of 60° r,pupation ceases. Ln new
Jé?sey,rif this temperature condition comes before there is a '
second brood there is no second brood. Lf it comes during the
aecond brood there is only-a pdrtial second brood. Jlsely (1939)
on the other hand, says that, “The time when larvae no longer pupate
does not appear abruptly during a sewson as a response to some
climatic condition'. |

There is'obviously a considerably variation in larvae
in respect to their ability to pupate or enter diapause during the
latter part of July in the annapolis valley. +his is evident, from
the rTecord for reared larvae and for larvae collected from t.ee
bands in 1942. <v1he few thot did pupate were not the earliest to
entér hibernation quarters. lsely (1937) evidently considers th.t
there are one, two, three and four-gener.tion strains of the codling
moth in Arkansas of which the three-generation is the dominant
strain. He states that, “lhe fuctor that probably determines
whether or not larvae enter hibernation is the elapse of enough time,
at a favourable temper.ture, fter the beginning of the se.son for
them to have completed their inherent number of generations™.
Shelford (1927) concluded that the falling of mean temjeratures or
at least minimum temperatures has no apparent effect on the in-
itiation of hibernation. He also added that, . he explanation of
hibernation phenoméha is‘probably to be sought in the activity of

engymes‘.
. 14 it is true that the pupae collected on the tree trunks

after august 1, 1942, (rable 17)are first generation pupae rather
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than late members of the overwintering brood, then we must
conelude that a %anger percentage of first generation pupation
occurred on the tree trunks than among larvae feared in jars or
among Ia:vae from tree bands. 1t is doubtful whether moisture
conditions are a significant factor. ‘he larvae reared on apples
in gum jare formed their cocoons in corrugated pdper rolls which
were continuously under conditions of high humidity, due to the
fact that the jars were nearly filled with apples. “she larvae
collected from tree trunks were placed in similar jars where they
also formed cocoons in rolls of corrugated paper. In this case
however the larvae were held under conditions of comparatively
low humidity.

the following is a record of the emergence of first
generation moths from material dollected from.tree trunks in the
lCoulter Block, Berwick, on and after July 24 (Table 18):-

TABLE 18:
SrmT——————
Collection bate July 24 31 Aug. 8 13 20
No of larvae collected - 8 60 81 221 106
No of pupae collected - 1 17 13 11 4
Date Moths emerged Nymber of Moths rmerged
August 3 1l
[ 1
7 1
8 1
10 1l 1 2
11 3
12 1 1l
17 2 4
18
19 4
21 - —_ — — 3 1
Totals - 5 7 7 [ 1

A,total of 30 first generation moths were obtained for
caging; of these 9 were males and 21 were females. lhey laid
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.a total of 1021 eggs or an average of 49 eggs per female. Cne
individual.feméﬁe laid 80 eggs and another 62 eggs. Most of the
egge required an incubation period of 10 - 11 days.

Approximately 11 larvae were reared through and entered
cocooning éticks, of these 7 hatched on august 21 - 23. C(ne
completed feeding on September 14, one on September 17 and five
on September 23, making feeding periods of 23 to 32 days.

The majority of the 50 or more larvae that entered fruit
never completed their development. ‘hey remained small or simply
disappeared.

2. Hesults of Eiel& studies

Circumstantial field evidence of a second generation of
codling moth is indicated by late entries in the fruit (Fig 30)
and late captures in bait pans (Fig.23). Most moths taken after
~ the middle of August are likely to be first generation moths rather
than those of the overwintering brood. (n the basis of this
" evidence it seems likely that besides the substantial second
generation in 1942 there was also a slight second generation in
1941 and posaibly also in 1940 and 1945. the loss of fruit from
late entries was negiigible in all but 1942.

E. Correlation of Codling Moth Development with that of the
4Apple and other Plants

From the standpoint of instituting control measures
against this insect it is important that there be a convenient
standard‘of reference by which to judge the approximate status of the
codling moth at any particular time in any particular season.
Fig 26 provides such a standard for the year 1941. ‘lable 19
correlates the development of the variety McIntosh with the

development of the codling moth in the orchard at Berwick for the:
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years 1940 to 1945.

On the Qasis of the data available the following chart
hag been constructed as a means of estimating the approximate
status of the codling moth in relation to the development of buds,
flowers, and fruit of the variety McIntosh as well as the bloom of
the Nanny-berry Bush (Viburnum lentago L) and the Spreading Dog-
bane Qégggxggg androgoemifolium):-~

Chart correlating codling moth develbpment with that of the
apple variety scIntosh, the bloom of the Nannyberry Bush and the
Spreading Dogbane.

Plant Stage

Apple (McIntosh) unless Approximate Stage of Codling
indicated etherwise Moth Development
l. sarly pre-pink Larvae starting to pupate

2. Full bloom - end of bloom Moths beginning to emerge

3. Calyx closures almost First eggs been laid several
. completed days.

4. Spreading dogbane bloom
Just starting.
Nannyberry bush in full

bloom. First entries in apples.
About a week after # Heavy entry period begins,

| lasting about a month.
About 3 weeks after #4 Main peak of entries.

Abbut 3-4 weeks after #4 First larvae complete feed-

ing and leave fruit

About 4-5 ﬁeeks after #4 Larvae probably leaving
apples in large numbers 10

gseek cocooning sites.

If large numbers of larvae complete feeding and form cocoons

before the end of July there is apt to be sufficient second
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mary record correlatlng the development of the codling moth in the orchard vith
easonal development of the apple variety McIntosh at Berwick 1940-1945.

~ 1940 = 7 ‘1941 1942 19437 19aa 7 1945
May 5 ' - ril 30 May 14 May 4 April 16
‘ - May 10 = M:g 18 May 9 Apri]l.. 20
"RUNKS May 16(10%) liay 12(10%) May 12(13%) May 17(9%) - May 10 (.
| May 17. . May 19. .. May 11 May 19 May 17 April 30
May 27 May 28 May 18 May 28 May 22 May 10
June 2 June 6 May 24 June 4 May 27 May 21-3
I TRUNKS .- June 10 May 26 June 9 May 28 -
June 10 June 12 May 28 June 14 May 30 June 7
[T PANS June 9 June 15 June 7 June 16 May 30 June 12
closing - June 16 - June 23, June 7 June 13
sloses June 20 June 20 June 15 dJune 29 June 16 June 22
warting July 3 June 28 June 24 .- . - June 29
[KIES July 3 June 29 June 22 June 9 June 23 July §

LST GEN.)Jdul 10-aug Q9 Jul 4-aug 8 Jun 30-aug 9 Jul 20-Aug 23 .Jul 4-30 Jul 13-Aug
Jul 2l-Aug 1 Juld8-25 Jul 2-Juld6é Jul 20-27 Jul 18-26 Jul 26-Aug

ANDS ‘ Aug 4 Aug 1 July 19 . Aug 10 Ang 4
- Aug 18-20 Aug 3-21 - -
5 - Aug 25-3ep 5 Aug 2l-Sep 20 - Sep. 6 '

to pick Cct. 1 sept 28 | sept 20 et 1 sept 22 oct 2
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ge'ao’ration entries to be of economic importance in varieties such
0

as Spy, Golden nusset, and wagener. in such a case these are likely

to appear by the last week in Aygust.

vI CODLING MOTH BEHAVICR AS INDICATED BY BAIT PAN CAPTURES

A. Period of Moth Activity

This has already been shown graphically in various
figures, perticularly in rig.23 and 24. 1t was thought that
ﬁhere might possibly be some difference in the initial rise of
captures in different orchards according to whether or not most
of the moths originated in these orchards. thus it might be
expected’that the rise of moths in the Hiltz orchard would be
behind that in the U.L.8. Chute orchard in 1943, 1944 and 1945
as a result of more effective codling moth control in the Hiltz
orchard after 1941. osuch difference might be expected between
the Hiltz and south Yarmouth orchards in 1943 and 1944 following
the unconﬁrolled outbreak in the latter orchard in 1942. 1t was
thought.that captures in the~Nash'orchard might be retarded,
thus indicating-a substantial influx of moths from outside the
baited areas. sSuch has not been the caSe (Fig.24).

B. Comparison of votal captures 1939-1945

a4 record of total bait pan captures in the same
orchards, generally in the same trees, gives some indication of

population levels and trends from yewr to year. such a record

has been accumulated for a number of orchards in the Berwick

area (Table 20).



74.

TABLE 20: A comparison of the numbers of Codling ioth captured

pef bait pan per season during the years 1939 - 1945
in several orchards in the Berwick area.

R
e
——————

Orchard 1039 1940 1941 1942 1943 1944 1945
D.L.B. Chute - - 713 435 306 171 130
Hiltz 37 164 378 193 155 169 168
south Yarmouth - 188 617 371 211 116 88
Drew - - - - 144 122 184

K.M. hash 26 80 242 74 102 136 217

‘'he numbers of moths taken per pan in the different
orchards in different years is not a reliable guide with which
to estimate the probable amounts of codling moth injury in each
of these orchards for the years in which the above records were
taken. ''he b.L.s. Chute orchard hus consistently suffered con-
siderably greater loss than the other orchards, particularly
since 1942. Since 1938 there has been comparatively little
codling moth injury in the r.u. nash orchard.

A comparison.of the amounts of fruit injuries and
bait pan captures in the niltz-South Yarmouth orchards (table
21) shows that bait pan captures only sartially reflect the
amount of codling moth populations originating in the orchards
in which the pans are located.

1t is probably true, as evidence obtained by Steiner
(1940) with liberated marked moths sug.ests, that there is a
normal levelling off of the populations between areas of heavy

and low density with movement occurring in both directions

proportional to the populations.
ble 21 also suggests that moths

the orchard in which

'he evidence im 1«
tend to lay the majority of their eggs in

they originate.
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LABLE 21: A comparison of records of the numbers of larval
entgies per 100 apples (picked fruit) as well as
- of total numbers of moths taken in bait pans, for
two adjoining orchards (Hiltz and south Yarmouth)
at Berwick, for the years 1943, 1944 and 1945.

— - —— e —  —— ——— ——————— - ——
1943 1944 1945

ORISR GRS G ED GRS R EEENPASIIRE SEEEEesmmm—"

Moths captured: A
Bait pan #1 241 398 258 136 305 124
Bait pan #2 3587 344 320 130 260 80

sntries per 100 apples - variety u~ravenstein:

stings 8.8 76..5 8.3 9.5 - -
Deep mntriesO.4 4.7 0.0 0.1 - -

Entries per 100 apples - variety Golden rnusset:

‘Stings 43.8 206.6  36.9 15.9 131.1 152.2
Deep kntries4.7? 19.5 5.1 1.5 6.4 10.5
wntries per 100 apples - variety baldwin:

stings 35.4 165.4 22.1 22.5 157.6 1556.0
Deep Entriesl.4 6.1 . 0.8 l.4 4.3 3.7

NOTE: During the period 1943-1945 the same spray program was
used on the two blocks of orchard from which these
records were obtained. Just previous to this (in 1942)
the codling moth had been controlled by spraying in the
Hiltz orchard whereas a large population of overwintering
larvae developed in the south Yarmouth orcherd due to it

being left unsprayed.
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C. &ffect of Location of Pans in ‘I'rees

During the summer of 1942, 1943 and 1944 a large
Baldwin tree in the Hiltz orchard had four bait pans hung in
it. this tree was about 20 feet in height. in 1942 the pans
were located as follows: (1) Low (4 feet from‘ground) and at
the end of a long branch.‘(é) Mid-height, cenife (almost
directly above the trunk and about 9 feet above ground). (3)
Top centre, (almost directly above trunk and about 17 feet above
ground). (4) Mid-height, outside, (about 9 feet above ground
and just beyond the tip of a long branch). Pans (3) and (4)
were hung from the ends of long poles which had been tied to the
limbs of the tree. Pans (1), (3), and (4) were each neur the
leafy periphery of the tree while (2) was near the centre and
remote from the periphery. A record of the total numbers of
moths taken in each pan during the period, June 8 to September
6, is given in table 22:-

TABLE 22: Moths captured in four difrerent locations on one
tree compared with a similar single-pan tree nearby.

Mid- Mid-
Low height wop height ‘iotal I'ree
Qutside Lentre vcentre Outside for tree uearby

Maleeseosoons 16 25 206 42 289 75

remaleececeee 27 32 113 29 201 60
Total......c

% Females... 63.0» 56.08 35.0% 24 .5% 41.0% 44 .4%
% of tree

totaleceooee 8.8 % 1ll.8% 65.1% 14.5%

. Bobb, woodside, and Jefferson (1939) as vell as others
have reported that the top of a tree iis the most favourable

location for a bait pan. <the object of this experiment was to
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find out Whetggr this was becuuse the pan was near the top
of the tree or near the leafy periphery. <rhe results of the
experiment indicate that the former is the case.

| lhe average number of moths per tree for the seven
single-pan trees in the orchard was 192.6 moths with an average
of 40 per cent females.

in 1943 and 1944 the four pans were hung at about

equal heighté and nearly at @ leve. with the top of the tree.
rxactly the same locations were used for hanging the pans in
these two years. <lhe record is given in teble cs:-

TABLL 23: 'l'otal Lodllng moths taken in 1nd1v1dual pans in the
~ 4-pan tree in 1943 and 1944.

L

1943 1944

iotal Per cent ‘otal rer cent

Mmoths Females ymoths tfremales
North 58  51.7 30 30.0
Centre 65 35.3 66 30.3
South-east 74 35.1 77 537
West o1 45.0 34 55.8
Total for tree 288 4] .6% 257 34 .6%
8ingle-pan tree
nearby - 110 55.4% 88 33.7%

D. Effect of Adding wNicotine Sulphate to sait
BelskiY (1936) reported .th.t the aadition of nicotine
sulphate tended to increase the effectiveness of a molasses
bait. Kor three years (1942, 1943, lo«4) twin ,ans of wolasses
bait, one with the addition of nicotine sulphate .t the r:te
of ene per cent and the other without, have been hung at equal

heights near the tops of each of two trees in the South Yarmouth



orchard at perwick. ‘I'he results (table 24) indicate that the

addition of ni8otine éulphate makes little'significant difference
in the numbers of moths taken. <rhere was a small but consistent
decrease in the percentage of females taken inlthe molasses-
nicotine bait. ‘lhe addition of nicotine sulphate proved to be
a useful practicé in that it prevented poaching by birds and
because it‘resulted in quick immobilization of captured moths,
thus keeping them in better condition for identification.
TABLE 24: A comparison of the numbers of codling moths captured

- in fermenting molasses-water baits with and without

the addition of nicotine sulphate, south Yarmouth
orchard, Berwick, 1942 - 1944.

D S D S = TS SRS SO — ——- e w—
— — ——e— — s

1942 1943 1944
No nicotine
‘I'ree #3 108 212 54
I'ree #4 100 128 69
Aversge per pan 104.0 205.0 61.5
Percent remales 59.6% 33.2%» 45.5%
Nicotine Added |
'I'ree #3 105 166 73
1ree #4 138 218 69
Average per pan 128.5 19¢ 71.0
Percent remales 52.5% 28 .6% 34.5%
Single-pan trees
ngwrez #1 78 184 81
" Iree #2 133 239 136
Average per pan 105.5 211.5 108.5
Percent lkemales 60.2% 36.4% 41.0%

In 1942 a molasses-water bait without nicotine was
used in single-pan trees #1 and #2. In 1943 and 1944 nicotine
sulphate was added to the bait hung in these trees.

5. mffect of varying the sumber of Pans per iree

¥prom the results obtained in 1942 it was evident that

‘whenfmore than one bait pan was hung in' a tree this resulted in

a substantial_increase in the number of moths taken in that tree
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as compared with the number taken in single-pan trees of similar
glze in the‘saTe area. 1t was evident that a concentration of
bait pans resulted in an increased concentration of moths in a
tree. Most of these moihs must have been attracted from quite
~a large area since the trees used, particularly those in the
Eilﬁz orchard, would have overwintered only a smzll proportion
of the moths taken in them. Table 25 summarizee the results of
captures in single-pan, twin-pan, 4-pan and 6-pan trees in the
adjoining Hiltz and South Yarmouth orchards ..t Berwicki-

TABLE 25: A comparison of the numbers of codling moths cuptured
per bait pan and per tree where one or more v.ere hung

per tree. sSouth Yarmouth and Hiltz orchards, Berwick,
1942 - 1944. |

1942 1943 1944

Hiltz single-pan trees
Tree #1l 119 110 93
#a - 163 63 86
#3 135 110 88
#4 241 240 258
#5 357 252 320
Average per pan and per tree 203 155 169
Hiltz 4-pan tree 490 288 257
Average per pan 122.5 72 64.2
So. Yarmouth l-pan trees
Iree #1 344 184 81
#2 398 239 136
Average per tree and per pan 371 1.5 108.5
- So. Yarmouth 2-pan trees
Tre: #3 P T 213 * 378 127
#4 | 238 * 416 138
Average per tree 225.5 » 397 132.5
Awergge ger pan 112.7 » 198.5 66.2
So. Yarmouth 6-pan tree 330
Aversge per pan 55

* This record was not started until July 10 =nd is there-
fore not comparable with the others. ‘lhe gveragelnqmber of moths
per tree and per pan for trees #l and #2, south Yarmouth, st.rting
July 10 is 105.5, which is comparable with the figure 112.7, the

average given for 2-pan irees #3 and #4.




&80.

F. Comparison of Codling Moth Injuries on Trees «ith
- and Without Bait Pans

In the course of taking records of codling moth
injuries on picked fruit in the niltz-South Yarmouth orchards
in 1944, recofds for some of the bait pan trees and for some
neighboring trees of each were kept separately. <Lhe object
was to determine if the presence of the bait pans had a modify-
ing effect on the amount of injury bv codling moth larvae. The
results are as follows (table 26):-

TABLE 26: Number of codling moth lsrval stings and deep entries

- per 100 apples from neighboring trees with and without
bait pans. Berwick, 1%44.

e et — -

Bait Pan Trees Neighboring 1rees
Deep Deep
Stings kntries 3Stings kEntries

Hiltz, single-pan tree #1 3 o) 9 0.1
" " " R 13 0] 7 0.3
Hiltz, four-pan tree 5 0.5 10 0.1
S0. Yarmouth single pan

iree #1 Q a2 3 1.5
#2 15 1.5 20.2 1.1

2-pan tree #1 9 0.5 5} 0

2-pan tree #2 10 0.5 8 0
6-pan tree 15 0.4 11 0.2

It would appezr from the above results that the
presence of one to six bait pans in a tree makes litile sig-
nificant difference in the amount of codling moth injury &s
compared with that on neighboring trees without b.it pans. any

reduction in injury has been generzl over the area.
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WII. SOME NOTES ON LaXVAL BEHAVIOR
| 4. Calyx Entries o
It is rare to find successfyl calyx entries in

orchards which have been regularly Sprayed with arsenicals.

1f' several hundred apples from a heavily infested orchard are
Anéﬁtwacross the calyx end and examined it is evident that many
codling moth larvae have started into the fruit at this point
and then disappeared. Llhe evidence is in the form of a small
healed wound often accompanied by a pale encrustation, located
in the calyx cup. 1t would appe-r that the spray residue left
around the calyx, particularly that on the sepals, remains more
effective than that on the face of the apple. 1his is to be
expected since the sepals shrink in size rather than grow. ‘ihe
results of experiments with arsenical sprays on a few trees in
the South Yarmouth orchard in 1942 at Berwick as well as on some
neglected trees at Lequille, showed that lead arsenate at the
rate of 4 podnds per 100 gallons of water applied during the
pink.stage was sufficient to control a large proportion of the
calyx entries (table 27). The spraying at Berwick was done with
& power sprayer. ‘Lhat at Lequille was done with a good hand

sprayer.

TABLE 27: Control of calyx entries by means of an arsenical
spray applied in the pink stage. Counts on drops
and picked fruit for three v.rieties used.

e FITLrLes Der .
Apples Total 100 apples % Calyx
Orchard Treatment kxamn'd kntries ~Total Calyx =ntries
Berwick Sprayed 2645 2622 99.0 6 6.1
Berwick Ugspiayed 3380 4228 lié.g Sg o gé.g
1000 . . .
Lequille Sprayed 4 M0

Lequille ‘Unsprayed 1000 575 57.5
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this evidence brings into question the validity of the explanat-
ion given by Melander (1206, 1908) and Ball (1907) for the
effectiveness of the calyx spray.' They were the originators

of what has become’one of the first rules in codling moth control,
némely,that fegarding the importance of apnlying a czlyx spray
containing an arsenical. 'they laid emphasis on the importance
of thorough spraying at this time in order. to ensure that the
necessary poison was placed in the inner calyx cup. Melander
(1902) stated that a single thorough spraying just after petal
fall resulted in practically 100 per cent centrol in washington,
Utahyand Colorado. Ball (1907) advised a second one just before
calyx élosure. &s a result of experimental work done under his
direction in Arkansas, Virginis,and Michigan, Quaintance
(Quaintance et al 1911) was convinced of the “great importance

of thorough spraying to f£ill the calyx cups with poison". Over

30 years ago however Sanders (1915) reported that a spray applied
immediately before the bloom resulted in almost as zood control
as a spray epplied immediately after petal fall, and somewhat
better.than one applied two weeks after petal fall. as a result
of laboratory experiments with larvae on sprayed apples Waddell
and Marshall (1942) decided that the function of the calyx spray
was to deposit poison on the inner surface of the sepals and thus

insure increased protection against entries into the calyx of

the apple. ‘hey considered that, in British Columbia 4it is not

esgsential to force spray into the inner calyx cup. Golfari (1939)
found that in only 15 per cent of cases does the calyx spray reach

‘the calyx cup. He therefore decided that its chief value lay in

the fact that poison was deposited on the sepals. The results given



in table 24 s?pport the views of waddell and Marshall (1942)
end of Golfari (1939). ihese views are reasonable when con-
sidered in conjﬁnctién'with the relation that has been found
to exist between the development of the apple and the codling
moth. It has already been shown (Table 19) that in the Ann-
apolis Valley the calyx cup is closed at the time larval entries
begin to appear. ‘herefore, in order to enter the calyx,
larvae must either go'between the closed sepals or bitg their
way through the sepals themselves. In either case, if the sepals
are covered inside and out with poison, the larvae can hardly
avoid coming in contact with it in the process of entering the
calyx cup.

lhe data given in lable 27 for unsprzyed trees might
be interpreted to mean thct codling moth larv:-e in lag-neglected
orchards have a greater tendency to enter through the calyx than
do larvae in a commercial orchard which has been left unsprayed
for only one season. ‘here is the possibility, however, that the
smaller percentage of calyx entries in the South Yarmouth orchard
as compared with the Lequille orchard is correlated with the much
heavier infestatibn in the former orchard. note that there is
actually a few more culyx entries per 100 apples in the commercial
orchard. Only a very small percentage of the ~pples in the
Lequille orchard contained more than one entry wherezs quite a
large percentage in the Berwick prchard contained two or more
entries. Garlick (1938) has cited figures to show that there may
be “grounds for the belief, held by meany (in Ontario), that there
nagmbeen an increase in the proportion of side entries in recent

years®. Possibly such figures should be correlated with the
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comparative amounts of infestation in the orchards at the time
L

these figures were obtained. l£ is possible that the percentage
of calyx entriés may have s« quéntitative basis.

The following additional data @re offered as evidence
that it is doubtful whether there has been a real change in the
calyx entry habit of larvae in regularly spreyed orchards as
compared with neglected orchards.in the Anmapolis Valley.

Some records of calyx entries are available for the
long neglected Wolfe orchard near waterville for the years 1939,

1941, and 1942 (Table 28):-

TABLE 28:
v Apples  Total kntries per 100 Apples % Calyx
Year bxam'd mntries  Total Calyx Lkntries
1939 300 - 83 27.6 . 14.6 63.0
1941 1600 422 26.3 17.2 65.1
1942 362 233 64.3 40.3 62.6

The following is a record of calyx entries in 1945
in the Herbert Margeson orchard at south BSerwick. ‘lhis orchard
was sprayed quite regularly up until 1945 when, because of a
threatened crop failure t.h‘rough frost, no spraying was donev
Codling moth had been pretty well cleaned up by thorough spray-

ing during the two previous years. 509 apples of the varietly

Wagener were examined. OCut of a total of 486 entries, 281 or

57.8 per cent were calyx entries. ‘lhis orchard is in the

heavily infested codling moth area.
The following is a 1942 record from a comrercial

orchard in the Berwick area which was not sprayed that year and
which had a comparatively light infestation: 1000 apples
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(Wagener and Grevenstein) were examined. (nly 80 entries were
found and of these 60 per cent were calyx entries.
B. Larval sntries at 'lop veraus Bottom of Tree

Since bait pans located in the top of a tree capture
many more moths than those located lower down (see section on
bait pan records) it seemed possible that the numbers of larval
entries might be larger per unit of fruit growing at the top of a
tree as compared to those on the lower half of a tree. <lhe
following records (table 29) are for the lower and upper halves
of the trees of three different varieties, all of about the same

height, namely 16 to 18 feet. <Lhis record was made at picking
time in 1943:-

TABLE 29:
No of Section &Lntries per 100 apples

Variety Urchard Apples of lree Sting Deep

Gravenstein Hiltz 220 ‘lop centre 8.0 0.1
" " 300 Bottom 6 .0 0.3
" " 506 LUrops 10.0 7.5
" " 2065 ‘lotal crop 8.0 0.1

G. Russet S. Yarmouth 620 Lop 83.0 6.4
. " 620 Bottom 76.1 3.1
. " 60 Drops 61.6 58.3
" " 1300 <Total crop

McIntosh D.B.L. Chute 482 Top 71.6 9.7
" " 650 Bottom 82.3 6.0
" " 200 DVrops 70.0 43.0

1332 Total crop

The difference in amount of injury in fruit picked
from the tops and bottoms of these trees is about what would be
expected due to differences in spray coverage likely to be

attained in these two parts of the tree. The problem is not
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.entirely solved however due to lack of knowledge regarding the
gource of the drop apples containing deep entries.

Woodside (1944) has reported the results of records
for the relative amounts of codling moth injuries at four
different helghts in apple trees. In contrast to the record in
table 29 these show very striking differences in the relative
amounts of fruit injuries, particularly deep entries at the top
as compared with the bottom of the trees. ‘lhere was an average
of 2.1 times as many stings and 27.8 times as many wormy apples at
the 24 foot level as compared with the 6 foot level on sprayed
trees. 'Lhere was the same number of stings but 2.7 times as many
wormy apples at the 24 foot level as compared with the six foot
level of unsprayed trees. .in other words woodside found that while
the relatively greater number of entries at the top of the tree was
partly due to poorer spray coverage, part was also due to the

behavior or habits of the insect.

C. Captures of Larvae in Codling Moth Bands on Apple Stubs Placed
at Various Distances From the lrunk of a hHeavily Infested
Apple Tree

A heavily infested unsprayed Gravenstein tree in the
South Yarmouth orchard was chosen for this experiment in 1942. The
tree had a crop of 1570 apples all of which were allowed to drop
to the ground where they lay undisturbed throughout the summer and
autumn. # neighbouring tree of the same variety carrying a crop

totaling 1435 apples had a total of 1227 deep entries or 85.5 per

100 apples. ‘lhe apples of this tree also were not picked but were

allowed to drop. usvery week or so the accumulated drops were

counted and a record made of the worm holes and larvae present.

Four short sections of apple tree limbs, each with a



87.

'?pply band of jute sacking around it, were set upright on the
ground at distaﬂces of 3,10,20, and 30 feet respectively from the
trunk of the tree (Fig.37 and 38). The furthest stub would be
just beyond the&limits of the limbs. .he trunk and main limbs
of the tree ifself were thoroughly scraped and a large band placed

around the butt. 'The following is & record of the total numbers

qf larvae collected in each band (table 30). The A.carpocapsae -

parasitized larvae are distinguished from the normal ones.

TABLE 30:
bistance from [ __ inNumber of Larvae in oundg % of Total y 3
Main Trunk Normal Parasitized 1otal for Tree Parasitized
Main ‘I'runk 292 223 515 86.1 43.3

3 feet 59 17 76 12.7 22.4

10 feet 6 0 ) 6 1.0 0

20 feet ' 1 o} 1 0.2 0

30 feet 0 0 0 0 0

TOTALS 358 240 . 598 40.1

the following items of interest in connection with the

above experiment are drawn to the rexder's attention: (1) The very
large pércéntage of larvae which were collect:=d on the brnd on the
tree butt despite the fact that the ground bec.me covered with

drop apples some of which fell as for from tne trunk as the furth-
est banded stub. Many of these drop apples still contained larvae
in vurious stages of maturity after lney rell. .his st.tement is
madé on the basis of successive examinations of the drop apples
under the neighboring @Gravenstein tree mentioned above. ‘lhe results

were as follows (table 31):-



PABLE 31: Record of the results of the examination of deep

entries in the drop apples collected at successive
intervals under Gravenstein #l. South Yarmouth
Urchard, 1942.

e e s e e e e e —

| smpty - Less Larvae
No of . Cavi- Mature % 5 % than ‘otal per 100
pate Apples ties Larvae Grown Srown Grown % Larvae Apples

-

.

Aug 6 300 273 22 10 14 =21 3 70  23.3
12 199 0 201 23 13 9 10 2 57  28.6
19 274 243 11 8 2 4 0 25 9.1
25 150 93 3 4 1 3 0 11 7.3
sep 1 165 90 5 3 2 8 1 19  11.5
O 83 33 2 1 1 1 1 6 742
17 135 56 0 5 4 2 3 14  10.3
23 84 21 0 1 0 0 © 1 1.2
Oct 2 _45 9 0 0 0 0 O 0 0
TOTAL 1435 1024 203  85.5

On the basis of this record (table 31) 200 or more
~larvae Shbuld have fallen to the ground together with the apples
from the banded Gravenstein. (2) Also on the basis of this
fecord approximately 1300 larvae are likely to have developed in
the apples on the banded tree; yet only 598 or approximately 46
per cent are accounted for in the bands. (3) a much larger

| ?rcportion of the larvae collected in the band on the tree trunk
Were parasitized than on any of the stub bands. ‘he only stub

band that had parasitized larvae was that closest to the tree

trunk.

Larvae in Bands Placed aAbove and Below

D. Captures of
P ranglefoot’. Sands

1he object of this experiment was to determine the

proportion of overwintering larvae that travelled from the ground

to the tree trunk .nd from
trunk. ‘the method used was t0 P

the apples down the limbs to the tree
ut a 4-5 inch band of tanglefoot.



sbout half-way %p the butt of an infested apple tree and then
place a Jute band a foot or so above it and another below it,
near the base of the tree.

- lwo trees were used in 1941, a Mcintosh in the U.L.B.
Chute orchard and an unsprayed Northern 5py in the niltz
Orchérd. in 1942 the experiment was repeated on the same
McIntosh tfee. 'There was a considerably heavier crop on the
Melntosh tree in 1942 (1000-1200 apples) than there was in 1941.
| 1lhe follo&gng table 32 gives a'record of the results.
In 1941 séparate_counts were kept of normal looking larwae and

‘those parasitized by a. carpocapsae.

TABLE 32: HRecord of codling moth larvae found on jute bands
-~ placed above and below langle foot bands on trees
" in the v.L.B. Chute «nd Hiltz orchard, Berwick,

it 1041 and 1942.

. 0 Melntosgh:lree Northern'égxfrree

- Upper Band Lower Band Ypper Band Lower sand

- Norm Par Norm Par NOTT rar Norm Par
Wr*:——- o

1941
Number 30 2 38 5 116 20 81 7
Per cent 42 .6% 57.4% 61 39%
1942 ‘ '
Number: 76 ~ 260

Per cent 27 4% 72.6%

'he proportions of larvae that go into upper or lower

bands seem:to be correlated with the readiness with which wormy

‘apples drop before the larvae have left them. that is, wormy

apples drop more readily from the Mclntosh than from the Spy.
1he drop from the Mclntosh was heavier ;n 1942 than in 194l1l. 1t

is quite possible that some larvae reached the lower band by

swinging by silk from the upper part of the tree. Marshall (1940)

- -~

records this habit.’~— = =i 7.
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K. Development of Larvae -im marly Drop apples

Attention sﬁould be drawn to the fact that the so-
calledﬁﬁiuné dropsy or undeveloped fruit which fell to the ground
in earli’July, areﬁsometimes the source of a large percentage of
the ;arvaé able to mature in a sprayed orchard. ihis was noted
particularly in the ease of the variety Baldwin in the Hiltz
orchard in 1941 and to a lesser extent in 194z. .here wes & heavy
early drop of undeveloped fruit in both years, particularly in
194z. As a rule the percentage of apples with deep entries is
not nearly as high as for the later and larger drops, but there
have been instances where it has been nearly zs high. ror in-
stance, on September 9th, 194l1,a sprayed Baldwin tree in the miltz
orchard at 5Qrwick; had 720 ewrly drops under it, none of them
measufing more than 7/8 of an inch in diameter. (f these 163
had been completely excavated by codling moth larvae, some of which
were still present. ln addition 86 large drops vere also collected
from under this tree on the same day. (f these, 23 had deep entries
There was an average of 2.3 deep entries per 100 a>>les on the
tree, which bore about a barrel of apples at picking time. 1t is

evident that in this particular instance the early drops were the

source of more mature larvae than were the later drops or the

‘plcked fruit. on the basis of the above record from nicked fruit,

it might have been concluded that few codling moth larvee had

matured on this tree.  wven if the deep entries in l&te drops

were also taken into account the outlook ror codling moth for the

next year did not look too bad.

1n 1942 there was not nearly as large - percent.ge of

deep entries in early drops, éven for the variety Baldwin. <cn
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august 20, for instance, 1500 were collected from under one tree.
Of these 46 had been hollowed out by larvae of which 24 v.ere still.
present. At the same time 200 large drops contained a total of

14 deep enﬁries.

Larvae from these eurly drop apples were of normal size

%

and readily formed cocoons in coeooning sticks.

¥. Behavior of Larvae under Conditions of Constent i h
. Humidity

Une of the interesting bits of information that turned
up in connection with the wet and dry pot experiment was that
concerning the behavior of overwintering codling moth larvze when
cagéé under conditions of constunt high numidity. JLlhe larvae
used in the 1943 and 1944 experiments had been induced to spin

their cocoons in rolls of corrugated paper the previous year.

N

lhey were kept in open jars in the insectary all winter until
about April 1 when the rclls were divided between the wvet and

the dry pots.

During the pupation period it was found that larvae

were attempting to leave the vet pot by way of the hole left in

the cover for the emergence of moths. <his was true both in 1943

and 1944. ‘lhey also left wet cocoons in the case of = preliminary

‘éxperiment conducted in 1942 which will be described later.

when the coﬁers vere removed from the wet pots, both in

1943 and 1944, it was found that some of the larvee had built new

cocoons in the felt which formed a gasket betvieen the wooden

cover and the rim of the pot.
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The €ollowing 1s a record of results obtained in
1043 ana 1v44:i-
1l. Hecord for 1943:-

(a) Of 588 larvae in the wet pot:-

-

(1) 11.3% migrated from winter cocoons
(2) 81.5% emerged as moths
(3) 18.5% died as larvae or pupae

(b) Of 432 larvae in the dry pot:-
(1) O migrated from winter cocoons
(2) 74.4% emerged as moths
(3) 25.6% died as larvae or pupae

2. Record for 1944: -

(a) Of 167 larvee in the wet pot:-

| (1) 25.5% migrated from winter cocoons
(2) 62.5% emerged as moths
(3) 37.5% died as larvae or pupae

(b) Of 311 larvee in the dry pot:-
| (1) O migrated from winter cocoons

(2) 83.0% emerged as moths
(3) 17.0% died as larvae or _upae

Tn 1942 a different technique wus used whereby cocoon-

ing sticks containing overwintering lervae were kept in w=t

sphagnum moss held in clay pots. some were kept under this

condition all Winter, spring and early summer ¢nd others only

after various dates between April 6 to ...y 2], 1n all cuses uost

of the larv.e refused to stay in their overwintering cocoons under

such excessively wet conditiou. shey wigrated elsewiere and

since no provision had been made for keeping them from leaving

the‘pots many of them were 1ost. Cthers attempted to Qupate in

the drier parts of the mosSS vhere most of them died. As a result

few' moths were obtained.

h It is not known just how general this migration of



fprfng‘larvae if in the field. 1t has been obsgerved on tree
tranks on 2 number of occasions. ‘when overwintering larvae have
been found either crawling on the bark or else building new
cocoons. ‘lhese were on trees that had wet cocooning sites either

around the base of the tree or in deép wounds.:: ...

In the course of studying the 1life history of the
codling moth a considerable body of information has been
accumﬁlated regarding some of its entomophagous enemies. - 'lhe
object of the following notes is to list all those which have
been observed and where possible to indicate their relative or
possibie importance as codling moth control agents in the
Annepolis Valley.
} A. Birds

1t has been repeatedly observed that birds some-
times déstroy considerable numbers of overwintering lurvae in
t£eir cocoons. ‘Their work is indicated by prominent holes made
in the bark at points where larvae have been located in cocoons

underneath. Ko birds have ever been seen actually feeding but

the holes are of the type made by woodpeckers. .he amount of
feeding done in this way varies greatly according to circum-

Proximity to woodland favors their feeding on over-
.'his was shown quite clearly in

stance.

wintering codling moth larvae.

the case of the Wagener orchard of John Buchanan at
de in connection with a fairly

waterville

in 1943. Lhe obseivations were ma

extensive series of bark examinations following trunk treatments

yrunk examinations were made in

against overwintering larvae.
a record of the relative percentages of

early June. <The following 1is
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ogocoons emptied by birds according to whether or not the trees
were near or at a distance from woodland (table 33).

The south end of the orchard was surrounded by wood-
land Whereés the north end had orchards on two sides. Two
series of counts were made one across the untreated north end of
the orchard and the other across the treated south end. Both
series of counts startéd on the side wholly bordered by wood-

| land and ended about midway across the orchard. ‘lhe treated end
of the orchard was almost entirely surrounded by the woodland.
The orchard was 33 trees wide including fillers. 1In length it
varied from 31 trees on one side to 54 trees on the other. ‘The
uneven end being the treated south end.
TABLE 33: Percentages of codling moth cocoons emptied by birds.
- Counts started on west side next to woodland and

continued across to about the centre of orchard, which
was 33 rows wide. John ouchanan orchard, waterville.

June, 1943.
B e e ———— —
Cocoons mmptied by Birds. HNumber of Cocoons mxamined
Tree Untreated Lreated untreated I'reated
Number wmnd mnd « wnd wnd
1 83.5% 78 . 7% o7 75
2 73.1 73.1 51 41
3 24.0 75.0 21 36
4 63.0 64.0 43 50
5) 8.7 54.1 23 24
6 0.0 47.0 23 32
7 18.1 19.0 11 21
8 2.1 48
18.1 33

Note how in each series of counts the percentuge of
emptied cocoons becomes less the further the trees are from the
wooded west side. L1t is possible of course that this is partly

due to the decrease in numbers of larvae per tree trunk.
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A replicate of the same experiment was conducted on
;ome,largé heavlly infested trunks in a 1arge orchard at Berwiék
“located at a distance of nearly a quarter of a mile from woodland.
‘Although a total of 1844 cocoons ‘was: examined from 6 trees yet
‘hardly any were found emptied by birds.

As a general rule birds tend to hunt more thoroughly on
those apple tree trunks carrying the most larvae providing how-
ever that the apple trees are located close to suitcble wooded
areas.

1t 1s appropriate to mention here the fact thut birds,
probably pewees, started cleaning out the bait pan czptures in
the early part of several seasons before the nicotine sulphate
was added to the bait. after the birds once discovered whis sourcs
of food they cleaned out most of the pans in an area pretty
regularly; starting early in the morniig. .he evidence of their
feeding was in the form of pieces of wings, antennae, scales, etc.,

left floating on ton of the bsit. after the nicotine sulphate
was added Lo the bait, there was no furbher evidence of moths being
taken from the pahs. :he pewees also discppeared from tne orchards
at this time. JLf $Bly-catchers and possibly other birds will take
moths so readily and in such numbers from b.it pans it is not un-
likely that they will also take free-living ones in the orchard.

1t should be mentioned here also that each summer
during the péfiod of this study one or more nigut hawks frequented
ihe Hiltg-south Yarmouth orchards during the period of moth
activity. vhey not only flew about over the orchard but on a

number of occasions were found resting on the trees during the

day time.
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B. Spiders

A small Blark erab-like, as yet unidentified, spider
has often been found associated with codling moth larvae in bur-
‘lap tree bands. In a few cases this spider has been found carry-
ing a limp larva or has been in close proximity to éne under a band
the color of this spider is very similar to that of the bark of
an apple tree trunk. It is frequently found on tree trunks when
hunting for codling moth cocoons in the spring. Apparently it
cannot enter an intact cocoon but it is a likely predator on larvae
ﬁoving over the bark in search of cocooning quarters. Several
specimens were enclosed in glass vials together with codling
larvae but they refused to feed on them under such conditions.
It seems likely to be of importance only at the time when larvae
are searching for hibernation quarters.

Certain hunting spiders will feed on newly hatched
larvae in captivity and it is to be expected that they might be
of considerable importance in the field.

C. Mites

An active predator mite, Anystis sp. will feed on eggs
and young larvae in captivity and may be an important control agent
in the orchard, since it becomes quite abundant under favourable
conditiens.

D. Hemiptera
iwo predacious Miridae have been found associated with

larvae in codling moth bands. lhe relative numbers vary from
year to year. lhey are Leraeecorig nebulosus (Uhler) and

Phyvtogoris conspurcatus Knight. Both are bark inhabiting species.
Knight (1941) 1ists them both as predacious forms. The first
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namedlhas_occasignally been observed feeding on larvae in bands.
Both have been found in association with flabby, freshly killed
larvae.
| k. Coleoptera
Zenebroides corticalis Melshe is probably one of the

most widespread and best known of the enemies of the codling moth.
Slingerland (1898) says that; “Wwith the exception of the birds,

it seems to be the most efficient enemy of the codling moth in

New York*. It is generally present in the Annapolié Vulley where-
ver the codling moth is.found in numbers. One good feature it
possesses as a predator is the fact that both the larva and the
adult feed on the codling moth larvae and pupae and this feeding
goes on during the spring, summer and autumn. ‘lhere is only one
generation a year. 'Lhe most active feeding is that done by mat-
uring larvae and by adults during the pupation period of the codling

moth in the spring and early summer. Codling moth pupae are

especially subject to attack, possibly because 1. corticalis is

better able to enter cocoons after the exit tunnel is formed than

before. ‘lhey congregate in codling moth bands quite readily and

do considereble feeding there. It is difficult to say how im-
portant this predator is in the annapolis Valley. ''he degree of

| its effectiveness seems to be correlated with the amount of codling

moth present, the period of time over which it has been prevalent

and with its own reproductive potential. Lt has been noted that

in proportion to the number of codling moth cocoons found it is

felati;eiy more abundant in neglected orchards carrying long

atandingméodling moth infestations than it is in commercial

orcherds with new or fluctuating infestations. 1t seems.to be a
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. fairly effectlve searcher. Apparently either its reproductive a
potential is loy or else the envirommental resistance is high.
o :hia statement is based on the fact that the numbers of larvae
trc low in propertion to the numbers of adults fround on tree
trunks. 1t shows a high degree of constancy of activity from
year to yéa.r, particulariy in unsprayed orchards.
F. Hymenoptera

The egg parasite lrichegramma eveneacens Westw.

(minutdm btiley) is a fluctuating and unpredictable conﬁrol agent.
1t has a high reproductive potential but is quickly and decisively
affected by adverse conditions. & succession of suitable host
material must develop and be in sufficient numbers right through
the season to carry the pa'ras.it.e along in effective numbers.
Physical conditions including weather and spray treatments must
not become sufficiently detrimental at any time, even for a brief
period, to break the chain of successive generations.

In & report of their studies on lrichogramma in Connecticut
Schread and Garman (1933) point out the importance of temperature
and humidity in relation to reproductivity. ©lhey also show that
sulphur has a detrimental effect on egg parasitism. Prevailing
temperatures‘ in turn affect the degree to which sulphur may be
detrimental.

Some particularly interesting records on egg parasitism
were obtained in 1942. ln that year the outbreak of first gen-
eration cedling moth was cut off a month earlier in the unsprayed

South Yarmouth orchard than it was in the nearby D.L.B. Chute

erchard which was moderately well sprayed (Fig 30). A count of
200 eggs on leaves in the South Yarmouth orchard on July 16 showed

that 193 were parasitized. Of the other gix, one was in the "red

rinit" stage and 'ix were °n]¥ l‘ecently l‘id' In the DOLQBQ Qut‘
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orchard on the s’ame date 61 eggs out of 77 were parasitized.

Although egg parasitism has been observed every year,
1942 was the only year in which Trichogramma appeared early
enough and in sufficient numbers to exert a really substantial
degree of control; and that was on ungprayed trees.

dgcogaster garpocapsae Viereck is another well known
and wideapread parasite of the codling moth. Cox (1932) des-
eribes 1t'a.x_1d gives an accounﬁ of its life history. In the
Annapolis Valley this has proven to be quite an important
parasite of the codling moth; perhaps the most important over
a peried of years. lable 34 contains a record of percentage
parasitism by 4. carpocapsae based on trunk examinations and
collectiona from tree bands. ‘his record probably minimizes
the propertion of parasitized larvae, since a larger proportion
of the small parasitized larvae are likely to find suitable
cocooning sites in the upper parts of a tree than will the large
nermal sized larvae which require more space for cocooning.

Yhe record in Téble 34 indicates that, in general,
'Ipraying reduces the effecf.iveness of this parasite.

'~ The development of A. carpocapgae closely parallels

that of its host C. pomonella. In 1942 when there was a

pronounced second generation of the host insect there was also

&« smell second generation of A. carpocapsae. The emergence
of codling moths and adult parasites closely paralled one another

(Fig 39) as does also the appearance of parasitized and non-

parasitized larvase in codling moth bands (Fig 40).
There has been no evidence of hyperparasitism of 4.
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TABLE 34: Record of amounts of A. carpoc@psae parasitized
. . codlyng moth larvae taken in a number of unsprayed
.and sprayed orchards in the Annapolis Valley. 1939-

1944.
e —
‘ | Larvae Per cent
Year Orchard examn'd Parasitized Treatment
Wolfe ’
Graywood,
Anna. Co. 171 42.7 Unsprayed
So. Yarmouth
Berwick 358 5.0 sprayed
Hiltz,
Berwick 284 .- 0.3 Sprayed
1940  Wolfe 59 54.0 Unsprayed
Graywood o7 74 .6 unsprayed
Hiltz 1818 7.6 sprayed
1941 wolfe 160 58.8 Unsprayed
D.L.B. Chute 9 :
Berwick 885 20.9 sprayed
So. Yarmouth 37 24.3 Sprayed
Hiltz 722 13.8 sprayed
1942 wolfe 54 68.5 Unsprayéd
b.L.B. Chute 687 20.8 sprayed
. So. Yarmouth 5878 44.1 sprayed
" Hiltz 22 8.7 sprayed
1943 Wolfe 93 34.4 qnsprayed
D.LeBe. Chute 191 23.0 b‘prayed
Hiltz 138 9.0 ;prayed
So. Yarmouth 35 3.0 :?prayed
Coulter 53 35.0 sprayed
1944 Wolfe 79 24.0 L{nsprayed
p.L.B. Chute 152 27.0 §preyed
30. Yarmouth 409 50.3 Sprayed

gcarpocapsae during the course of these studies, despite the

fact that hundreds of parasitized larv-e have been kept under

observation after being collected both in the spring «nd

autumn months.
In addition to the two hymenopterous parasites

already mentioned 2 number of hym
G 4
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enopterous pupal parasites were
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obtainedﬁﬁfom about 2000 codling moth larvae and pupae collected
}rom'tree trunks during the spring of 1942 at Berwick. Similar
eollections of larvae and pupae were gathered and caged in 1943,
and 1944 but no parasites were obtained. No parasites except
&. carpocapsae have aver been obtained from codling moth larvae
which had been collected in the autumn.

The following is, a list of the pupal parasites

obtained in 19242. ‘the identifications are by G.S, walley.

Neme of Parasite Emergence Uates No. taken
Rimpla inflata Prov. July 2,3, aug 4 4
Bimpla sequalis Prov July 21 1
Pimpla sp. (probably
1is) ‘ June 13, 19 2 (both males)
Dibrachys ¢avus (Walk) Aug 10 6 (from one pupa

Rhaeogenes sp. (Probably) 1 adult male dissected from pupa.

Ix +TOPOGRAPHIC AND EDAPHIC CONSIDERATIONS

From time to time statements have appesred in
publications concerning cultural practices, soil management, etc.,
to the effect that soil conditions exert an influence on plant
resistence to insect attack. 1wo recent books thit have had a
wide circulation contain examples of this -~ viewpoint (Faulkner
1943, Howard 1944). Quite recently éittwer and riaseman (1946)

have published experimental resulis which show that injury by the

thrip (Heliothrips haemorrhoidalis) to spinach can be controlled

“in the gréen house by controlling the nitrogen end calcium levels

in the soil. ‘Lhese authors then go on to suggest that, “the

éxplanation as to why some cCrop pests, such as codling moth, become

more serious as fruit trees are grown continuously on the same

s0il without a complete renewal of the nutrients removed may be

found, in part at least, in soil deficiency'. The erratic

oceurrence of the heavily infested orchards in the annapolis Valley
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may Jjustify some investigations based on the general viewpoint
Expressed qbbve&

spmé records were taken in adjoining orchards at
Berwick in 1943 which indicated th.t striking variations in the
amount of codling moth injury might be associated with top-
ographic or adaphic conditions in these orchards. ‘the orcherds
" concerned, namely the Coulter and south Yarmouth slocks, are
located in the southwest side of serwick on a low ridge which h-s
a long gradual slope on the south side and a shorter somewhat
steeper one on the north side. the soil on the crest and upper
slopes has been classified as tocrnwallis sandy loam, while the
lower slopes including most of the southern slop is classified
As Berwick -sandy loam (Harlow «nd whiteside lu43). <1he paved
highway runs along the crest of this ridge. 1t 8o happens that
the‘apples grown on those sections which are locuted on tne crest
and upper slopes of this ridge were characterized by more entries
than those grown on the lower slopes. The counts in table 35
were made on two varieties of apples in the Coulter slock. lhey
were taken on rows running north and south sturting with tree #1

at the top of the slope and next the paved road.

'he south end of the south Yarmouth slock lies across

the road from the voulter block. The first 13 trees, counting sout

to north from the road, stand on land which forms part of the crest

of the ridge and is about on a Jjevel with the road. trom there the

rows slope down to a bog at the north end. =mecords of entries

on”kibstons, Baldwins and Gravensteins were taken on rows running

south to ﬁorth (Lable 36). Only the Gravensteins run the full

length of the orchard.
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TABLE 35:V;qubers of.codling moth entries per 100 apples for
two rows of trees, taken from north to south in the
Loulter Block, Berwick. counts on apple trees,
September 23, 1943.

S R A B s e e e e S e S g o™

No of York lmperial row Northern Spy How

tree . .Ueep Clean Deep Clean

in row otings &gzntries apples Stings sntries Apples
£ 1 207 16 8 348 20 2
.10 173 14 11 484 110 2
20 63 12 - 865 145 42 20
30 60 8 53 57 12 5S¢
40 25 4 76 67 6 50
50 22 6 80 28 6 79
60 4 0 96 41 9 65
o) 91 9 2 20

70 12

TABLE 36: Numbers of codling entries per 100 apples for two
_ pows of apples tuken from south to north in the South
Yarmouth Block, berwick. Counts on picked apples
from records of N.A. Patterson 1945.

———
DR

No of nibston Baldwin gravenstein
tree Deep Deep Deep
in row stings wmntries stings wmntries stings kntries
¥ 1 185 14
2 186 15 . 119 12
5 183 19 134 6
g 187 ?é \
1556
10 179 16 113 7
13 173 15 266 13
16 175 2 120 3
19 166 8 65 5
20 162 9 75 5
22 | o1 2 57 4
24 73 2 49 2
25 60 1 36 1
o8 35 2 40 1
30 53 1
" 0 18 4

32 3l
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The recerd presented above is admittedly too meagre to
;llow the drawid@ of conclusions regarding the causal relations
involved. 1t @gfs,however,support the view that there shouid be
some investigations regarding the effect of topographic and
edaphic conditions on natural control of the. codling moth.
»5uch an investigation might _ossibly hel. clear up
gome puzzling questions regarding the irregular distribution of
heavily infested orchards in the annapolis valley. wny, for
instanée, is the codling moth outbreak in the Guaspereaux valley
largely restricted to two zdjoining blocks of trees belonging
to two different growersy why is there not a heavier codling
moth infestation in the i.M. inash orchard at nockland. Lt has
never seemed to the writer that the spray program used in the
Nash orchard was sufficient to keep the ccdling moth injuries
as light as they have been since 1938 considering the numbers
of‘moths taken in bait pans (Lable 20).
Another puzzling type of natural control which may
have an edaphic basis has been observed several times, notably

80 in 1942 gn the case of the south Mountain Urchard of the

former Sam Chute properties near Berwick. ‘here was & com=

paratively light infestation of codling moth in this orchard

which was not sprayed that year. sDecause it was unsprayed most

of the entries were deep entries. an examination of infested

‘apples on August 7 disclosed thatl a large percentage of the cod-

ling moth larvae were dead in their tunnels. ithey had apparently

drowned since the tunnels were largely filled with a somewhat

earing on the case it should

sticky fluid. Because it may have a b
. om drought at

be mentioned that this orchard was not suffering fr
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the time the observations were made, whereas the heavily in-

f%sted orchards &t Berwick were suffering quite seriously from

drodght.

X. SUMMARY AND CONCLUSIO:iS

| 'lfhe codling moth, Carpocapsae pomonella L., was one
of the serious pests which first induced apple groWers to
develop and use control measures in Nova Scotia orchards. _
During the period 1884 - 1201, ur. rletcher and others repeatedly
mention the grower's concern and serious loss resulting from the
work of this insect. rrom shoftly after the turn of the century,
following the use of bordeaux-arsenical sprays, until about 1924
the insect was evidently COnSidered a minor pest all over the
Annspolis valley.
| rrom 1918 until about 1924 increzsing use was made of
Soth sulphur «nd copper - lime dusts containing either le.d or
caleium arsenate. rrom about 1925 to 1930 there sre repeated
references to the apparent increase of codling moth damage in
certain locations. 1t was about this time that sulphur sprays
éame into general use with calcium and lead arsenates being used
as the general insecticides.

sBetween about 1930 and 1239 the inseci was increas-

»ingly recognized as a major pest in several restricted areas.
since 1939 the area of serious infestation nas been gradually
increasing, while at the same time a substantial reduction in
codling moth damage has been Srought about in some of the worst
infested orchards as the result of the thorough and timely use

of the%recommended codling moth spray programs.
M 'he present areas of persistant and serious codling
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m¥th infestations are located in the Berwick - waterville area,
in a few orchards east df Gaspereau village, and in a few
orchards in the South ralmouth area. ‘lhere are a few minor out-
breaks in the Kentvillé.- Wolfville - Port williams area.

In the Annapolis valley it is only in the presence of
exceptionally favourable weather conditions occurring in con-
junction with a high level of population that a second generation
of codling moth larvae develops in sufficient numbers to be of
economic importance. Such a development occurred in 1942. 1In
that year serious loss from second _eneration entries occurred in
a few commercial orchards in whiéh there were lerge populations
of first generation larvae which had been either poorly or not
at all controlled by spraying. |

ordinarily then, an .pple grower in this area need
! ohly concern himself with a single brood of codling moth.

In the Berwick area pupation begins toward the end
of the delayed dormant period of the v.riety Mclintosh. about

90 per cent will have completed pupation within 10 deys after

cadlyx closure.

1he first moths emerge shortly after full biloom is
reached. approximately 50 per cent will have emerged a month

later. 1n general, emergence of first generation moths 1is

Pietty well completed between July 20 and 30.

+he first entries in fruit appear shortly after calyx
closure, i.e. about the time the spreading Dogbane, Apocynum
Qﬂﬂ;osgemifolium, starts -to bloom. 1hey generally accumulate
Quitéurapidxy after the first are found, with the peak occurr-

ing about three weeks later. <The occurrance of new entries is
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gbout over by the end of the first ten days or two weeks in
august, ucept for an exceptionally late season such as 1943 or
when there is a substantial second generation.

~ the first larvae are likely to complete their feeding
in a little less than a month after the appearance of the first
entries. %here is apt to be a certain amount of second generation
entries if large numbers of larvae complete their feeding before
the end of July.

Life history data for the codling moth at both Annapolis
Royal and Berwick is correlated with temperature and precipitation
records for these two stations.

A striking difference in the time and rate of pupation
and moth emergence at Berwick as compared with Annapolis foyal
in 1941 is correlated with the considerably greater number of
‘hour-degrees of higher temperatures prevailing at Berwick during
the eritical period of pupation and moth emergence.

lf daily mean temperature records are available, the
time required\ for the incubation of eggs may be roughly estimated
by the use of data showing the ranges of mean temperature that
are characteristic of incubation periods in terms of days.

| While the length of the larval feeding period is in-
fluenced by temperature it is evident that it is also greatly
1nf1uenced by other factors,'since there is often considerable
variation in the feeding periods of larvae hatched at the same
time and reared in the same cage.

Bait pan records indicate that evening temperatures
have a differential effect on the flight activity of the sexes.
lhe nearer evening iemperatures drop toward 60°F the lower the
percentage of females taken. Rainfall during the evening also
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tends to decreas; the proportion of females tuken in bait pans.

.. Apparently climatic conditions are not responsible
for, the greét variation in prevalence of the codling moth in one
part of the Annapolis vValley as compared with another.

| 1t is probably true, as stated by shelford (1927), that

codling moth prevalence from one ye.r to another is greatly in-
fluenced by autumn, winter and spring precipitation as well as
by temperature. However, no consistent correlations in this
respect are shown for this area on the basis of records compiled
for the period 1933 - 1945. mxperiméntal evidence is offerea to
show how heavy precipitation during late summer and autumn followed
by a dry spring could be followed by increased codling moth abund-
. ance, and how the opposite set of conditions would be likely to
result in decreased abundance.

The use of bait pans in verious orchards has given
valuable data regarding the activit& and behavior of the codling
moth. Besides iadicating the veriod and intensity of moth activity
and their felative abundonce in different years in different
orchards the results also indicate that: (1) there is*a levelling
off of populations between areas of heavy and low density. (2)
Codling moths lay the majority of their eggs in the orchard in
which tﬁey originate. (3) the larger number of moths ¢ ptured
near the top of a tree is apparently due to this being a more

favourable location in itself rather than because such a locati»>n

is near the leafy periphery of the tree. (4) Increasing the



number of pans per tree eonnidcrably increases the number of
maths takén per tree. Ag the numbers of pans per tree is in-
creagsed the average number of motha per pan is decreased. (5)
ine presence or absence of bait pans in trees results in no
significant difference iﬁ the percentage injury to fruit as
between treea. L1f there is a reduction in the aﬁount of codling
moth injury due to the presence of bait pans, the reduction is
general over the whole orchard area in which the pans are located.
Some records are given which have a bearing upon larval

behavior in relation to control practices: (1) Evidence is
cited corrbbofating'the'statements of others to the effect that
the chief value of the calyx spray lies in the fact that poison
18 depoaited on the inside and outside of the sepals rather
than in the calyx cup. Dinpe the first entries into fruit are
not made until shortly after calyx closure it is pfobable that
‘larvac are peisoned by coming into contact with it in the process
of going through the sepals after the calyces are closed. (2)
It 18 doubtful whether spraying in commercial orchards in Nova
‘chtia.has, as yet, resulted in any substantial decrease in the
éinnate tendency of codling moth larvae to enter apples by way of
kthc calyx. (3) A cemparison of the amounts of codli;g moth in-
Juries on apples from the top and bottom pertions of apple trees
;ihphasizes the importance of taking particular care that the tops
of bearing trees are thoroughly covered with spray. (4) 1In
'Owtlulxing the results of control measures some attention must
bo given to the proportion of early drop apples in which larvae
are likcly to have completed development.

Among the natural control agents, birds, particularly
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woedpeckers, are quite effective where infested trees are located
c‘la.se to '90‘1;311‘1 s ,

the pi'edator beetle lenebroides corticalis Melsh. is
quite generally distributed and both the adults and larvae are
consistant feeders on larvae and pupae in orchards where the
codling moth is well established.

lthe egg parasite lrichogramma evanescens Riley can be
an impertant parasite but the degree of its effectiveness is
EQuit.e unpredictable. Lt's effectiveness is greatly reduced by
eertain gpray practices.

the larval parasite Agcogagter carpocapsae Viereck is
an impertant parasite of the codling moth in the &nnapolis Valley,
since it is a fairly dependsble one unless it is itself reduced
in numbers through the use of detrimental sprays. One of its
ilhortcominga is the fact that parasitized larvae are not destroyed
untii after they have completed feeding in the fruit and have
formed their cocoons.

Several hymenopterous pupal parasites have been reared
in very small numbers from codling moth larvae and. pupae collected
from tree trunks during the spring and early summer. dlhey in-
elude m inflata Prov., Pimpla gequalis Prov., uUjbrac
gaxus (Vl;}k), and a Phaeogenes sp-

M Mirid predators, »ggg_gg_g@g;g nebulosus Uhler and
Fhytecorig conapurcatus knight, have been taken repeatedly in codling
moth bands together with dead codling moth larvae. +they may feed
on larvae which are searching for cocooning quarters. 1t is doubt-
ful if they are responsible for much control of the codling moth.

Jpiders may be quite impertant predatofs of codling moth
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larvae, both when the larvae are newly hatched and vhen they

are seeking cocoohing quarters.

1the mite Anystis sp., under favourable conditions,
may be an'importan%ﬁpredator on eggs and newly hatched larvae
of the codling moth. ihis statement is based on the fact that
they will feed on them in captivity.

gvidence is cited to show that edaphic and possibly
topographic conditions should not be ignored in investigating
the factors responsible for codling moth zbundunce.
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practices. Cenaideration is given to evidence of posaible

correlations between topegraphic and edaphic conditions and

codling meth prevalence. Predators and parasites are listed

together with same recordas of their habits and relative effec-

tiveness as control agentsa.
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