
BIONOMICS OF THE CODLING MOTH, CARPOCAPSA gQIIQNET.T-A T.«, 

IN Tffff. ANNAPOLIS VALLEY. NOVA SCOTIA. 

Harold T. Stultz 

Thesis 

Presented to the 

Faculty of Graduate Studies and Research of McGill University 

In partial fulfillment of the requirements for the 

Degree of Master of Science 

1946 



2. 

A(̂ KN0fLJ2lDGEMENTS 

This study has been conducted under the general 

supervision of A.JJ. Pickett of the .Dominion entomological 

Laboratory, Annapolis Koyal, JM.S. tie is immediately respon-

sible for its inception and for the provision of departmental 

facilities wherever and whenever required, in addition he has 

given invaluable assistance through advice, and discussion, 

throughout the course of the study as well as by reading and 

criticising this paper during its preparation. 

%.*%.. ncss, uhief .emit insect investigations, Dominion 

Department of Agriculture, has taken on active interest in the 

project from the time it was initiated, out of his experience 

with the codling moth in untario he has given advice and en­

couragement from time to time. Jie has also, shown a ready 

response to requests for departmental facilities. 

DimJkm Patterson has been responsible for the spraying 

and most of the records for drops and picked apples in exper­

imental spray plots. 

The bench insectary, cages, and other apparatus required 

for this study, have been constructed by s.H. Payne who also assist­

ed in planning them. Mr. Payne photographed and printed all the 

graphs. 

The originals of the graphs are the handwork of either 

the author or of Miss Mildred ularke working under his supervision. 

Assistance in record taking has been obtained from several 

temporary summer employees of the Division of -intomology, namely 

Gerald nines in 1942, J.ti. war low in 1944 and 1945, and waiter 

Uhipman in 1945. 

The headings throughout the paper have benefitted from 

the criticism and suggestions of irrank T. Lord and Albert McPhee. 



TABLE OF CONTENTS 

Page 

Acknowledgements £ 

I. INTRODUCTION 10 

II. HISTORICAL BACKGROUND 12 

A- Early History in America 12 

B. Codling Moth Records for .Nova Scotia 1884-1945 14 

C. Brief History of Orchard Sprays in Nova Scotia 20 

III. METHODS AND MATERIALS 22 

&.• Insectary studies 22 

1. Rearing Apparatus and Methods 22 

2. Insectaries 24 

B* Field Studies 24 

1. Spring Development in Hibernation Quarters 24 

2. Bait Pan Metnod 25 

a. Orchards 25 

b. Bait, Type of Pan, Method of tianging 28 

3. Larval Jtuntries 28 

4. Completion of Larval Feeding 29 

C. Meteorological Records 29 

IV. THE RELATION OF THE CODLING MOTH TO WEATHER AJAD CLIMATE 30 

V* LIFE HISTORY OF THE CODLING MOTH IN NOVA SCOTIA 44 

JL. Introduction 44 

3d. Overwintering Brood 45 

1. The Pupal Period 45 

2. Moth .̂ mergence 46 

a. Time of Day of Moth Himergence 53 

3. 'The Sex Ratio of Reared Moths 53 



Page 

4. Oviposition 53 

5. Number of JUggs per Moth 55 

6. Length of Life of Moths 56 

7. Time and Place of i£gg Deposition 56 

C. First Generation 62 

1. Incubation Period of Higgs 62 

2. Time of Hatching 62 

3. Length of Larval Feeding Period 63 

D. Second Generation 66 

1. Results from Caged Material 66 

2. Results of Field studies 70 

m. Correlation of codling y.oth Development with that 

of the Apple and Other Plants 70 

CODLING MOTH BEHAVIOU ~S INDICATED BY BAIT PAN 

CAPTURES 73 

JL. Period of Moth Activity 73 

B. A Comparison of Total captures 1939 - 1944 73 

C. Effect of Location of Pans in Trees 76 

D. Effect of Adding Nicotine Sulphate to Bait 77 

E. Effect of Varying the dumber of Pans Per Tree 78 

F. Comparison of codling Moth Injuries on Trees With 

and without Bait Pans 80 

. SOME NOTES ON LARVAL BEHAVIOR 81 

A. Calyx imtries 81 

B. Larval uintries at Top Versus Bottom of Tree 85 

C. Captures of Larvae in codling Moth Bands on Apple 

Stubs Placed at Various Distances From the Trunk 

of a Heavily Infested Apple Tree 86 



5 

Page 

D. Captures of Larvae in sands Placed Above and 

Below Tangle-foot Bc_nds 88 

E. Development of Larvae in Early Drop Apples 90 

F. Behavior of Larvae under Conditions of constant 

High Humidity 91 

VIII. NATURAL ENEMIES 93 

A.' Birds 93 

B. Spiders 96 

C. Mites 96 

D. Hemiptera 96 

E. Coleoptera 97 

F. Hymenoptera 98 

IX. TOPOGRAPHIC AND SDAPHIC CONSIDERATIONS 101 

X. SUMMARY AND CONCLUSIONS 105 

XI. BIBLIOGRAPHY 



6. 

LIST OF ILLUSTRATIONS 

Follows 
Figure Page 

Frontispiece 

1. Lantern-globe cage 22 

2. Outright cage and cocooning sticks 23 

3. 'Thermograph screen and bench insectary at Berwick...24 

4. Bench insectary, end view 24 

5. codling moth band on Mcintosh trunk 29 

6. Monthly precipitation and mean temperatures, 1933-

1945 33 

7. comparison mean monthly temperatures and precipitat­

ion 1933 - 1945 at Annapolis Royal 33 

8. Daily mean temperatures at Annapolis Royal, April -

October for the years 1940 - 1945 34" 

9. Daily mean temperatures at Berwick, April - October, 

for the years 1940 - 1945 34 

10. Mean temperature variations between Annapolis xtoyal, 

Berwick, and Js_entville, 1940 and 1941. Precipitat-
0 . 
-i 

ion records at Annapolis iioyal 1940 and 1941 39 

11. Mean temperature variations between Annapolis Royal 

and Berwick, 1944. Precipitation records Annapolis 

Royal and Berwick 1944 39 

12. correlation of temperature records at Annapolis 

Royal and Berwick with pupation and moth emergence 

records for these two s nations, 19<_1 .40 

L3. Correlation of codling moth longevity with daily 

mean temperatures at /vnnapolis Royal and Berwick, 

1940 and 1942 40 



7. 

Follows 
Figure Page 

14. correlation of evening temperatures with the 

percentage of female moths taken in each record 

of bait pan captures, 1940 43 

15. record as above for 1941 43 

16. Record as above for 1942 43 

17. itecord as above for 1943 43 

18. Codling moth development in 1941 as compared with 

that in 1940 at Annapolis Royal and Berwick • • .46 

19. comparison of pupation and moth emergence from cocoon­

ing sticks with that from tree trunks at Berwick, 

194^ 46 

20. A comparison of records of codling moth pupation 

with that for moth emergence on tree trunks, 1940 -

1943 46 

21* A comparison of moth emergence from cocooning sticks, 

dry pot, wet pot, and tree crunks <at Berwick, ic>4o...50 

22. A comparison of per cent moth emergence from tree 

trunks with cumulative per cent bait pan captures, 

1940 - 1943 51 

23. comparative curves for cumulative per cent bait pan 

captures at Berwick, 1939 - 1945 52 

24. cumulatige per cent bait pan captures for the D.L.B. 

Chute, RiltZv, south Yarmouth and Hash Orchards, 1941 

- 1945 52 

25. graphs based on field records of codling moth develop­

ment at Berwick in 1940 52 

26. Graphs based on field records of codling moth develop­

ment and . Hcintosh development ftt Berwick in 1941....52 



8. 

Follows 
*igur§ Page 

27. Cumulative percentages of eggs laid and of moth 

mortality on successive days following moth 

emergence. insectary Annapolis itoyal, 1940 53 

28* AS above, insectary Berwick, 1942 53 

29. cumulative percentages of eggs laid and of moth 

mortality on successive days following moth emergence. 

from cages, dry pot and wet pot Berwick 1943 53 

30. counts of recent entries and old entries on fruit at 

Berwick •throughout the seasons of 1940 - 1945 62 

31. graphs correlating daily mean temperatures, bait pan 

captures, and larval entries at Berwick 1943 62 

32. Graph showing range of feeding periods for larvae 

reared in the insectary at Annapolis xtoyal, 1940 63 

33. (iraph showing range of feeding periods for larvae 

reared in the insectary at Berwick, 1942 63 

34. Graphs correlating total entries into fruit with 

collections from tree bf-nds at Berwick, 1942 63 

35. cumulative per cent captures of codling moth larvae 

in tree bands, 1940 65 

36. cumulative per cent captures of codling moth larvae in 

tree bands, 1941 66 

37 & 38 Two views of tree with jute band on main trunk and 

on four short sticks of apple wood placed 3,10,20 _nd 

30 feet from trunk..... 86 

39. Graph comparing the cumulative per cent emergence 

of codling moths and adult Asco^aster carpocapsae 

from parasite emergence boxes, Berwick, 1942 ..99 

40. Graphs comparing average daily captures of normal and 



9. 

Follows 
Figure Page 

parasitized i.by A. carpocapsaej larvae in tree 

bands during the summer and autumn at Berwick, 

1941. 99 



10. 
BIONOMICS OF THTC nrmUMs M0THy C£5P0CAPSA POMONELLA L>, 

IN THri „NIWKP(J,I^ VALLEX, H<JV£ OCOTIA 

Harold T. otultz. 

1» INTRODUCTION. 

when Charles Fletcher was appointed Dominion __ntomologist 

in 1884, the codling moth was already recognized as a major pest of 

the apple in eastern canada* 

Mhile control of the insect by trapping the larvae in tree 

bands had been practiced since 1846 tSlingerland, 1898J, it was 

only about the time of Fletcher's appointment that the use of poison 

sprays for the control of this insect had become well established. 

From the time of his earliest reports, he recommends both methods of 

control. The available records indicate 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 <Annapolis valley. About 1924 it apparently started increasing in 

importance so that by 1930 it again became a major pest in a few 

restricted areas, particularly that around Berwick, in 1927 Brittain 

^1927J was still able to say that, "The control of the codling moth 

is not the problem in iMOva scotia that it is in many other apple grow­

ing sections and the ordinary sprays or ousts, applied immediately 

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 impracticable in a few orchards in the 

Berwick area unless special methods of control were used against it. 

U£ Itotil 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 

studies done elsewhere on the continent, more particularly that in 

Maine by siegler and simanton C1915J, were sufficient for the ne*ds 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 realized 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 obtained by the writer who was assigned to this project by A.D. 

Pickett, Qfficer-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 Annapolis 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 confined to 

Kings County, more particularly the Berwick area where most of the 
*. 

persistant 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 years 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 that of 

its principal food, the apple, whether Europe or Central Asia? At 

the present time it is a cosmopolitan pest, occurring wherever apples 

are grown. By 1898 it was recognized as a pest in nearly every 

section of the United States where apple orchards were established. 

As already indicated it was veil established in the apple 

growing areas of Ontario, Quebec and the Maritime Provinces vhen 

Fletcher took office in 1883. About this time (1685), at least one 

of Fletcher's correspondents in British Columbia reported that the 

codling moth .̂together 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 codling moth. This is postulated on the basis of 

hytherograph records for different apple growing regions of the 

world. 
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that this so-called codling moth damage in British Columbia was 

really due to the lesser apple worm, Grapholitha prunivora aalsh. 

It was not until 1905 that Fletcher U906J was able to report that 

the codling moth had been definitely located in British Columbia. 

ihe 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 not be placed on them, ihe lesser apple worm does 

not long survive in orchards in which arsenical sprays are used. 

it is possible that the striking results following the use of the 

poisoned bordeaux mixture in the 1890*3 and early 1900fs 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 ±*ova Scotia, it 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 JMorth America, lhis 

statement is made on the basis of certain historical records assembled 

by Comeau C1934J concerning the early planting of the apple tree in 

Nova Scotia and elsewhere on this continent, ihere are definite 

records of apple trees growing at LaHave 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 Old Country. It is not at 

all unlikely that later French adventurers would sometimes start 

their voyages to the new world with a goodly supply of fresh apples 

for use on the trip. If these apples had originated in codling moth 

infested orchards in France it would be strange indeed 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 readily 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 iMova Scotia, 1884-1945 

James Fletcher issued his first report as Dominion 

Entomologist in December of 1884. 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, on the basis of these reports, he often makes 

general statements regaiding pests which refer to the country as a 

whole. The following notes regarding the prevalence of the codling 

moth have been copied from Dr. Fletcher's annual reports, where he 

actually or by inference refers to ivova Scotia conditions. Gaps 

in the record indicate vears in which there was not even inferential 

reference to the status of the codling moth in Move Scotia. 

1884 - "The apple was attacked in some parts by the codling moth". 

1885 - "This troublesome insect is so well known to fruit fro*ers that 

any description of the insect as its mode of working is 

unnecessary. - Throughout the Maritime Provinces 

it appears not to be quite as destructive as usual". 
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1 8 9 6 " " has, as usual, been mentioned frequently in 

correspondence, but on the whole, owing to the enormous 

apple crop and also to the more general adoption of spray­

ing, has not done much harm". His correspondent, S.C. Parker, 

at Berwick, N.S. writes, fVery few wormy apples1. 

1901 - Mr. Parker (S.C.) secretary of the Fruit-Growers Association 

of Nova Scotia writes "in very much the same strain" as the 

secretary of the Ontario Association who writes that, ,fThe 

codling moth is still the terror of the apple-growers, it is 

almost serious enemy, and, if you can give us any later in­

formation with regard to the best method of destroying it we 

should be very glad'1. 

1902 - " A marked decrease in the injuries by some of our v,ell 

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 quantity and excellent in quality, being very free 

from insect attacks". 

1904 - "The year 1904 may be said to have been remarkable for the 

absence of injury by the codling moth, Professor Sears at 

Wolfville, wrote, fWe have been singularly free from injurious 

insects this year*. 

1905 - "The Codling Moth, which on the whole, perhaps, is the worst 

enemy of the fruit grower, has levied a heavy loll as usual in 

unsprayed orchards, but wherever thorough work has been done in 

spraying regularly with the poisoned bordeaux mixture, good 

results have almost invariably followed. In every ^art of 

Eastern Canada where apples are grown, reports speak of injury 

by this insect and, possibly the comparative scarcity 
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of fruit this season makes the injury by ihe codling i..cth 

seem more apparent. There is not the slightest doubt that 

in all parts of canada east of roronto spraying orchards 

regularly with poisoned borueaux mixture, chree or four 

times in spring, the first application to be made within a 

day or two after the blossomo I'^II ana the subsequent s^mv -

ings, each ten days ^part, is a satisfactory and well ̂ ey­

ing remedy for the codling ___oth". 
1906 
1915 - The Dominion n-ntomologist' s reports during the period 1906 -

1914 make no reference to codling moth conditions in nova 

scotia. in 1912 a.ai. Sanders was put in charge of a Dom­

inion iiintomological Laboratory near zne western end of the 

Annapolis valley* apparently the codling moth had been a 

relatively unimportant pest in his early experience since 

he writes 11915J "Owing to its compar tive scarcity ihe 

codling moth has received very little attention as ̂ et iu 

the province, it is very rare to find even an unsprayed 

orchard which gives over 5 per cent wormy apples here 

in rJova ocotia we have never found any definite indications 

of a second brood". 

1916 - In the following ye^r Sanders (1916) wrote: "In spite of 

the great congestion of the orchards in the .-.n.iapolis valley 

we are so f~r i>iorth th^t the codlinL moth is a pest of 

very minor importcJice, and we seldom find over 5 per cent 

of the apples in an orcnarc infested. 1 sometimes chink 

that spraying helps to control it in the unspr-tyed as well 

as in the sprayeu orcnards, for as near as i c-n deuer:_.lrie, 

the codling moth is decreasing in the unspr ...y~._ orchards as 

the proportion, of sprayed orchards about them becomes 

greater ard greater1. 
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in an unpublished manuscript written "he same 

year Sanders U916; said, "in districts outside the 

Annapolis valley occasionally 30, 40 or even 50 per cent 

of the apples may be found infested". 

The following material pertaining to codling moth 

abundance in the Annapolis valley since 1917 is token from the 

annual reports of the Dominion entomological Laboratory at Anna­

polis Koyal IAnonymous 1922-23,1928-30, Sanders 1917-21, Spittall 

1924-27, Gilliatt 1931-37, 1 ickett and Patterson 1939-39, earneron 

and Patterson 1940, Patterson and weary I941-19*±5;. ^̂ ..paiuble 

data,not quoted here, will be found in the annual insect pest 

forecasts of the provincial entomologists during the period 1929-

1945 Pickett, cameron and ^e *vy in annual reports n.o. r'ruit 

Growers Association,). 

1917 - 1920 - iMot reported in summaries of insect outoreaks 

1921 - "Reports of inj np received rroiu numerous farmers, normy 

apples very common, it would appear that codling moth has 

had two broods in ..ova jcona ULIJLO se_.soiiM • 

1922 - iMot re orted. 

1923 - Mi\i'ot abundant in western end of .̂ inapolis valley but appar­

ently a slight increase in ..olfville district. Our exper­

imental records show that this pest has during recent years 

been of litt.le importance in ttova Scotia-. 

1924 - "work seen at Tupperville, serwick and Annapolis noyal 

believed to be slowly increasing". 

1925 - "Occurs in more places in Annapolis valley than in 1924. 

Appears to be on the increase at serwick. on the whole, 

however, it is not yet a pest of importance in our orchard 

areas"• 
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1926 -"Fairly common in Bear River district and at Aictaux. Slowly 

increasing and becoming more widespread. Quite severe in 

neglected orchards in V.estern ̂ ants County". 

1927 - "Not changed from 1926. Up to 1926 believed to be slowly in­

creasing. Not a pest of economic importance". 

1928 - "Wormy apples more numerous than for many years". 

1929 - "Less in evidence than in 1928. Stings noted in orchard at 

Canning1'. 

1930 - "A decided increase over entire Annapolis Valley, the injury 

being more pronounced than for several years'1. 

1931 - "Probably caused somewhat more wormy fruit than in average 

year". 

1932 - "A further increase has apparently occured as wormy apples 

and stings quite pronounced in many districts of the Valley. 

The infestation was most general in the Berwick and Canning 

districts". 

1933 - "Injury from flate brood1 somewhat more in evidence than 

formerly but not as severe as in a few orchards in 1932". 

1934 - "Though not a major orchard pest it has been causing some 

injury in recent years. About same degree of infestation as 

in 1933". 

1935 - "An apparent increase reported in Central and Eastern portions 

of Valley where much injury was done to crop". 

1936 - Not reported. (A.D. Pickett states that this was definitely 

an off year for codling moth). 

1937 - "The stings severe in areas around Berwick and naterville. 

Also considerable sting injury in parts of nints County. The 

increase of this insect in many parts of the Annapolis Valley 

is quite pronounced in comparison ^.th 1936". 
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1938 - "An increase occurred throughout Galley but only in Berwick 

and Waterville districts did serious outbreaks occur, 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 treatments for their control 

had nearly the whole crop ruined". 

1941 - "In many orchards in central and eastern Kings and Hants 

Counties generally more numerous than in 1940 being a pest 

of major importance. In the western end of the valley it was 

of only minor importance and showed no apparent gain". 

1942 - "In past years this insect has been a major pest in some 

areas in Kings County and in some orchards t>t Hants County. 

This year there has been a general increase throughout, and a 

pronounced increase all over Western ^ova Scotia within ajod 

outside areas where spraying was done. The damage was more 

widespread than unual, with a heavy carry-over of 'Worms1 

in many orchards". 

1943 - "The damage to fruit this year wss not as great as expected a 

year ago, due in part to the fairly high mortality of the 

over-wintering caterpillars, anl the backward spring. However, 

in moderately to heavily infested orchards in which the full 

spray programme was not carried out, much damage w^s done. In 

other blocks of orchards which previously had light infestatiom 

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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fruit 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 foliage and 

fruit. There was, however considerable injury in some 

districts and in individual orchards where codling moth nas 

been a pest for years. Many of these orchards received a 

special spray programme in 1944 for the control of codling 

moth, and in most cases the injury was reduced". 

1945 - "The codling moth was somewhat more abundant than during the 

previous season. xhe 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 light crop, many orchards received less spray 

than usual and as a result a larger proportion of deep entries 

occurred in the fruit than usual. There 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 measures that were formerly quite effective. ihis is in 

accord with the experience of entomologists and fruit growers in 

other areas of North America ".here intensive control measures cy 

means of insecticides, particularly arsenicals.have been carried on 

over a period of years. Uough 1943;. 

C. Brief History of Orchard Sprays in Nova Scotia 

In view of the fact that it has been estaolished 

(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. ^y 1910 spraying was a 

routine procedure for nearly all growers. It was about this time 

that both lime-sulphur and lead-arsenate came into use. It was 

about this time also that power sprayers were introduced. 

The extensive use of orchard dusts was commenced about 

1918. In 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 and 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 generally 

been used in the early pre-blossom sprays and very often for the 

last cover spray. 

The use of mineral oil sprays in the dormant or delayed 

dormant period was commenced in the latter part of the 1920's. 

Because of their devastating effect on the natural control agents of 

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

pilosus C & F) their use has been discouraged except under conditions 

of necessity. Nevertheless the increasing prevalence of the oyster 

shell scale (Lepldosaphes tllml L.) has resulted in the wide-spread 

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

DN-phenol or DN-cresol) compound. 
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III. MATKRTALS AMD UfiTwr.ra 

A. Insectary studies 

if—bearing Apparatus and MethodA 

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 elevenj. 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 v et 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, one or two 

pear leaves were kept in the bottom of the cage, -'enr.ale 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. A 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 cur. ulative percent­

ages of the total eggs laid by females in globes are based on 

daily counts of eggs on leaves and base. Dead moths were usually 

removed daily except for material kept at Berwick, ihe 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
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eggs hatched was recorded as the date that larvae entered the 

fruit. The length of the larval stage was determined by recording 

the date larvae entered cocooning sticks placed in the gum jars 

with the wormy apples. These were examined almost daily and the 

date of entry into a cocooning site in the stick was marked in 

pencil on the wood opposite 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 Outright (1936) and figured in Peterson's manual,(1937) 

Part two, plate 143. Moths were also obtained from short pieces 

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 rough bark. rhese 

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 1944 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 edge. 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 the,> 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 ^oss which was kept 

constantly wet. The other pot was left ary. rhe drain holes on the 

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 conditions 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 conditions on moth 

emergence, mortality and oviposition. 

2. Inseotaries 

At Annapolis Royal the 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. rhis building 

has walls of wire cloth on all sides except the south-east corner 

in which a small boarded shelter is located, rhe 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 uBed in 1941. 

Material was kept under partially shaded conditions by means of 

extended eaves formed of cotton sheeting stretched on wooden frames 

as illustrated. This insectary was set up in an open space between 

two adjoining orchards at Berwick, namely the D.L.B. Jhute "Captain 

Robbins" orchard and the Cyril Hlltz South orchard. 

B. Field Studies 

1. Spring Development in Hibernating Quarters 

A record of pupation and moth emergence in the field 

was obtained by periodically completely removing and examining 

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

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 also that of the important predator beetle Tene-

broldes cortlcallis Melsh. Each tree or group of trees examined 

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 approximately 

true of the orchard at the time of examination, l'he record would 

be only a rough approximation due to the natural variation in 

types of cocooning sites available in different trees. 

2. Bait 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, height, and 

completion, as well as the relative amounts of moth activity in 

different orchards and for different seasons. Such a record is now 

available for as long as seven years for two orchards and for 

shorter periods for seyeral others. In this paper recoras will be 

given for the following orchards: 

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

Two pans in the same two trees for five years 1941 - 1945. This 

has probably had the most persistent if not the worst codling moth 

infestation of any orchard in the valley. -he infestation in this 

orchard aroused considerable concern on the part of the owner and 

others as early as 1930. ±'he insect has leen temporarily controlled 
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in sections **** the Provincial or Dominion î ntomological staffs 

used IT for experimental spray plots, but the sections sprayed by 

the owner have continued to be heavily infested although there lias 

been some reduction of late years following better control measures 

including the use of summer oil with leui arsenate. The area in 

which the pans were located was sprayed by the owner every year. 

(2). Hiltz orchard, Berwick, .bait pans have been hung 

in this orchard for seven seasons, 1939 - 1945. The number of 

single pan trees per season have varied as follows: 6 in 1939, 20 

in 1940, 10 in 1941, 7 in 1942 and 5 during each of the past three 

seasons. In addition one tree has had four pans hung in it each 

season for three seasons, 1942 - 1944. This 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 Dominion 

entomological staff has had a codling moth spray program in this 

orchard 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. A 

sulphur-lead arsenate program has been used on the north end of 

this as well as the adjacent oouth Yarmouth orchard dumber 3 belcw) 

while a copper-lead arsenate program has been used on the oouth end 

of both orchards. 

(3). south Yarmouth Orchard, Berwick. This orchard lies 

immediately west of orchard number 2. j*ait pans have been hung 

in this orchard for six seasons, The record in this report is 

based on captures in 2 pan* 1940 - 1943, 3 pans in 1944, and 5 in 

1945. During 1939 - 1941, the codling moth infestation was fairly 

heavy but not quite as bad as in the hiltz and u.L.o. chute orchards 

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

staff. This consisted of a sulphur-lead arsenate program at the 

north end and a copper-lead arsenate program over the oouth end. 

Two trees with paired pans, one with and one without nicotine 

sulphate were hung 1942 - 1944. In 1944 one tree had six pans hung 

in it,all near the top level. 

t4' Drew-Hall-Lyons orchard, Berwick. Two pans have been 

hung in the same two trees for the past three seasons, 1*43 - 1945. ' 

This is a small area of about 2 acres containing ablaut 64 trees. The 

area is broken by the presence of two sm*jll residences, several s.ail 

outbuildings and by some open yard space. The trees had not been 

sprayed for about 10 years, until the Dominion Entomological 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. In 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 the main buildings.. This orchard had a 

severe codling moth infestation in 1938. The owner has since used 

a modified codling moth program every >ear. Nevertheless, the number 

of moths captured in the bait pans has generally been higher than 

would be expected considering the light codling moth injury. More 

heavily infested orchards have been located within one half mile 
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on other properties lying at i w er levels, during this whole period. 

(b) Bait, Type of Pan, Method of Hanging 

Originally the standard 10 per cent molasses bait 

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

was supplemented by the addition of nicotine sulphate at the rate 

of one per cent. 

As will be shown later ("Codling Moth Behavior 

as Indicated by Bait Pan Captures") the addition of the nicotine 

sulphate made little or no significant difference in the number of 

codling moths captured. 

There was a two-foid object in adding the 

nicotine sulphate: (1) To inhibit birds from removing captured 

moths from the surface of the bait. The bird 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 enamelled pans measuring 

about seven inches in diameter and two and a half inches in deptn. 

Unless indicated otherwise, each pan was hung 

near the top of its tree by means of a rope passed over a limb. 

3. Larval Entries 

During the years 1940 - 1945 it was a regular 

practice to obtain a record of the beginning, rise, peak and decline 

of larval entries throughout each season. The method was as follows-

One or more trees were selected each year and the fruit examined at 

intervals, generally two to five days apart, beginning shortly 

before the first entries were expected. Records were kept of coth 
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new entries and old entries, ixew entries were those extimated 

to have occurred within about 24 hours previous to examination. 

All others were recorded as old entries. 

£_: Completion p-P î i-yal jteadiryr 

A 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. carpocapsaeT and for normal looking larvae. A 

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. Thermographs were located at 

Annapolis Koyal, at Berwick and during sunmers of 1940 and 1941 at 

Kockland, which is located on the slope of South Mountain, South­

east of Berwick. 

The maximum and minimum thermometer records at Annapolis 

Koyal 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. This finding has been checked and found 

to be correct, ihe long term temperature records for Annapolis 

Koyal 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 thermograph 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 weather 

and climatic conditions. Of these, temperature, precipitation and 

si nlight 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 organism can exist. 

In the case of the codling moth it is obvious thst 

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 the 

acpearance of a partial fourth generation. On the other hand the 

temperature ranges of the climate of the Annapolis /alley usually 

permit development of only one significant generation in this area. 

Fluctuations in temperature conditions from one year to another 

during certain critical periods of development make possible yearly 

variations in the development and reproduction of tne codling moth. 

Temperature also affects the codling moth indirectly 

through the host plant and through natural control agents. 

Precipitation affects the codling moth _oth directly, 

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

The 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. 

Cilenn (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. 

-ownsend V1926> 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, -he frequency 

of soaking is of much importance. An enzyme action is probably 

involved. 

ohelford (1927) made an extensive investigation on the 

relation of the codling moth to weather and climate. Ke 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, tie 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 

Ke 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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*hich the moths were scarce. In a year in which codling mote 

flourished in Southern Illinois the previous autumn 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 spring very wet. 

Headle^ (1928, 1931, 1936) developed and used the 

thermal constant as an indicator of the time to apply 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 State of Washington. 

In Central Asia, Nevskii (1937) found that the 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 rain during 

the half hour at sunset (or sunrise) when the females lay their eggs. 

Temperature also affects the rate of development of eggs and larvae, 

the percentage of larvae able to enter apples and possibly the per­

centage of full-fed larvae able to go into diapause. In May and 

June a large number of young larvae are killed by rain before they 

enter fruit. 

Gould and Geissler (1941 ̂ .working in 7;est Virginia, 

conclude that the seasonal fluctuation in moth population is deter­

mined almost entirely by weather condition. 

A short history of the pest status of tne codling moth 

in the Annapolis Valley from 1884 until the present time has been 

given in a previous section of this paper. In the light of trie 

above citations particularly those from Shelford (1927) the reader 

may be interested in attempting to correlate the reported fluctuatioi 
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of the codling moth since 1933 with records of mean monthly 

Ltemperatures and monthly precipitation, graphs have been drawn 

U'ig. 6 and 7) showing monthly temperature and precipitation date 

for the years 1933 to 1945 as recorded at ̂ nnapolis r.oyal. Daily 

mean temperatures are also given uig. 8 and 9; for the months 

April - October for the ye^rs 1940 - 194a. 

May, June and July are probably the most critical months 

from the standpoint of actual development cf the codling moth in the 

Annapolis valley, since it is during these months that the over­

wintering brood pupates, emerges anu lays the epgs which give rise to j 

first generation larvae, reference to *ig 7 will show the relatively 

small fluctuations in average monthly mean temperatures from ye.jr to 

year for these months, it will be noted that three of the pears 

with the highest May temperatures 1,1937, 1940, 194^ and 1944) are 

years of codling moth abundance with 1942 showing a good correlation 

in this respect. -.here is little or no correspondence between dune 

and July temperature and relative amounts of codling moth abundance. 

There are striking fluctuations in the amounts of 

precipitation recorded for each month from yeir to year (Fig. 6 and 1) 

It is of interest to note whether or not there has been an occurence 

of the correlation which ohelford U927J records as existing between 

autumn and spring rainfall and codli^ moth a-jnd^nce. 

The year 1942 was one of exceptional codling moth Guidance. 

Total rainfall durinp the preceedi.ig autumn and winter was about 

average. October rainfall however was considerably above averse, 

precipitation in 1942 was below aver-re for the months of .-.pril, 

i_a.y ana oune. rhis is the on_, year for the period 1933 - 1945 

that precipitation was below averse for all three mouths. 
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(.Fig. 6}. 

A pronounced increase is recorded for 1937 in com­

parison with the previous year. Kainfall during the preceeding 

September was exceptionally heavy while that for April 1937 was 

considerably below average. The mean monthly temperatures for 

April, 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. Temperatures were about average 

for the station but little below average for the period 1933 - 1945. 

1944 was reported as a year of decreased abundance. Ihere 

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• 

The general impression gained after examining our records 

of codling moth abundance in relation to precipitation and temp­

erature and then attempting to apply Shelfordfs (1927) hypothesis 

is that there is probably a basis for it, but that no conclusions 
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should be drawn to this effect from the data 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 seasonal prevalence may be both direct and 

indirect. Thus a heavy frost which causea a poor set of apples in 

a number of codling moth infested orchards in 1945 definitely 

affected the codling moth population in these orchards, it resulted 

in a high percentage of injured fruit among those that did set and 

also resulted in a low overwintering population where repular 

spraying was done. *or this reason it ..as difficult to estimate the 

relative abundance of the insect in 1945. 

ohelfora (,19<_.7J aid not oifer cui cxplanaû O-x as to now 

heavy autumn and winter rainfall followed by comparatively lipht 

spring rainfall, or how the opposite conditions, influenced codling 

moth abundance. Possibly a clue as to how these conditions couln 

operate is to be found in the results obtained by putting over­

wintering larvae in "wet and dry pots and keeping them there until 

the moths had emerged. Moths emerging from conditions of constant 

high humidity died within a few d-.ys after emergence and laid few 

eggs U'ig- 29 and Table 10;. applying this information to ohelford's 

findings the following is offered as at le st a partial explanation 

of the way in which autumn and spring precipitation would be likexy 

to influence codling moth abundance, it is based on field observations 

as well as the results of the "wet-and "dry pot experiment, oodling 

moth larvae tend to avoid wet situations when choosing hibernation 

quarters, in f~ct a small percentage will leave such situations in 

the sorint* just orevious to pupation, and builh new cocoons in 

drier situations. Jawing a dry autumn ::_any larvae will accept over-
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wintering quarters in situations which are later constantly wet 

under conditions of excess precipitation, m a wet spring many 

of these situations never dry out until after completion of the 

emergence of moths of the overwintering brood, most of the larvae 

become moths but are short lived and lay few eggs, during a wet 

autumn larvae seek the driest situations which are otherwise suit­

able for hibernation quarters, in the spring, particularly in a dry 

spring, such situations are favourable for the production of normal 

moths, ihe 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 eggs than moths which during the larval stage had 

been under more favourable conditions. 

It may be of interest to compare the average mean monthly 

temperatures of two stations in the Annapolis valley with those of 

stations in or near apple growing areas in -New Brunswick, r.yaine, 

Quebec, Ontario and England, -his is done in table 1. *»hen 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, it is not so certain however that 

the intensity of the codling moth problem can be directly correlated 

with the mean temperature conditions in a region. *or 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. The 

source of information is given for each. 

Annapolis Koyal, JM.S. : 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 and 

serious in some commercial orchards at or near this station, 

particularly at Berwick and Gaspereaux. Second generation generally 

insignificant but occasionally of importance as in 1942. The 

percentage of first generation transforming to adults in the 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.V«.B. Maxwell and 

F.T# Lord). Wormy apples are found quite often in unsprayed blocks 

of trees. In 1942 they were quite abundant on unsprayed trees at 

Shediac Cape. iNio 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 generation; approx­

imately 1 to 2 per cent in 1913 & 1914 (Sleglar and Simanton l^lo). 

Montreal (Southwestern Quebec): Codling moth " a most 

important pest in some of the orchard districts". Apparently a snail 

second generation generally occurs every year in the Southwestern 

districts. "Ffcom our records of emergence of moths in the insectary, 

48.987 per cent in 1937, and 16.89 per cent in 1*38, of larvae of 

the first generation transferred to form a partial second generation. 

(Beaulieu 1938) nIt would seem that the second generation would 

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



TABLE I: A comparison of the average mean monthly temperatures at a number of met­
eorological stations in or near a^ple erowin& areas in eastern Canada, 
the state of Maine, and southern England. 

Annapolis Jbventville Fredericton Portland Montreal vineland itothamsted 
JN • 6 • ii. b. IM . B. maine ĉ ue unt England 

January 

February 

inarch 

.xpril 

May 

June 

July 

AU^USt 

oeptember 

cctober 

November 

December 

23.0 

23.4 

30.4 

40.2 

50.0 

58.6 

63.9 

63-0 

57.9 

49.2 

37.9 

_;_>.! 

19.5 

18.6 

29.4 

40.0 

49.0 

58.8 

65.5 

64.4 

57.1 

49.3 

35.9 

24.4 

12.8 

14.9 

26.2 

38.9 

49.8 

60.1 

67.0 

63.7 

56._; 

45.6 

33.2 

19.1 

22.2 

23.5 

32.4 

43.0 

53.3 

62.5 

6£.l 

•--6.4 

59.6 

4'J.5 

3 - .4 

27.-! 

13.0 

14.5 

25.6 

41.4 

55.2 

64.9 

69.6 

67.0 

58.8 

46.7 

33.1 

r.->.6 

24.0 

22.5 

31.0 

43.5 

55.0 

65.5 

70.0 

68.5 

6^.0 

50.0 

40.0 

30.5 

37.7 

38.1 

41.1 

45.5 

52.5 

57.2 

60.7 

59.9 

55.8 

48.9 

42.3 

38.3 
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Vineland, Ont: Codling moth problem persistent and 

serious in many commercial orchards. "The most destructive apple 

and pear insect pest in Ontario1*. (Caesar 1911). An average of 

about 12 per cent of the first generation larvae pupate and give 

rise to adults and a second generation. The percentage during the 

period 1923 - 1928 varied between 4.5 and 44.0 per cent (Hall 1929). 

Rothamsted, (Southeastern England): 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 

Mailing, it is however of sufficient importance to warrant some 

experimental work on the development of control methods, A 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 itnnapolis Valley, the mean daily temperatures on 

hot days, during the summer are considerably higher than at Annapolis 

Koyal (Fig. 8,9,10,11) or at ̂ entville (Fig. 10). The maximum 

temperatures at Berwick on hot days are generally considerably higher 

than those at Annapolis Royal (Fig. 11). 

The difference in temperature conditions between Berwick 

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 a record has also been included in Fig. 12 showing the 
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weekly variations in the number of hour-degrees for each of seven 

different temperature ranges of 10 degrees each lying between 30° 

_nd 100° Fahrenheit, for Berwick as compared with Annapolis Royal. 

Note that, whereas at Annapolis Koyal there was an excess of hour-

iegrees of low temperature (30°-50°F), at Berwick there was con­

siderable excess of hour-degrees of the higher temperature ranges 

(50°-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, it 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. 

The rate of pupation arid 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. This is evident if pupation and 

noth emergence records in 1942 are compared with those in 1940, 1941 

=uid 1943 (Fig. 20). 

As the mean temperatures gradually increase during the 

siarly summer they bring about a decrease in the incubation period• 
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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 

L characteristic range of mean temperatures for that period. Dis­

crepancies in the record are largely due to the fact that the time 

>f oviposition and hatching was generally recorded not oftener than 

>nce a day so that an error of as much as 24 hours or even more, is 

[uite possible. It is of interest to note that these correlations 

igree 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 

incubation Annapolis Royal Berwick, Berwick, N.S. 
period N.S., 1940 U.S., 1942 1943 

73.3-74.5 

70 -71 

66.4 -70 69.6-70.8 

64.6 -69.3 67.9-69.4 

63.0 -66.4 65.3-67.9 

64.2 -64.9 61.0-65.7 

61.0-64.1 

60.1 -60.7 

53.8 

The longevity of moths is in general decreased by an 

> days 

' days 

> days 

1 days 

) days 

. days 

; days 

days 

days 

70 

69 - 70 

67.5 - 69.5 

65.8 - 66.9 

63.9 - 66.7 

63.1 - 64.7 

61.7 - 62.4 
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increase in mean temperatures. This is indicated in Fig. 13 giving 

the results of#records obtained in 1940 and 1942. 

The evidence for a correlation between mean temperature 

and length of the larval feeding is not particularly clear. However, 

the record for 1940 (table 15) does indicate that, in general, larvae 

which started feeding at the beginning of a warm period, completed 

their feeding 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 temperatures 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 characteristic 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 periods of larvae reared under identical temperature conditions 

It is evident 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 

1836), 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) states that 
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the largest number of eggs were laid when the mean daily 

temperature was 80.6°*'. tie found that too high a temperature 

for only a few days will prevent newly emerged moths from, ever 

laying e&gs. he also states that moths that had been exposed 

to excessive temperatures as larvae or pupae tended to be 

sterile, uuring the course of the present studies there was 

never any evidence that temperatures 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. iMewcomer and whitcomb's Q1924J records show that a 

large proportion of the daily oviposition may be done auring 

the afternoon. This has been observed repeatedly in the 

insectary at Annapolis *oyal and Berwick, rieavy oviposition 

in lantern globes in the insectary is particularly noticeable 

on warm, overcast afternoons. 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 temperatures than at higher temp­

eratures. This is represented graphically U'ig. 14 ,15/3.6., 17i 

for moth captures made during the seasons of 1940, 1941, 1942, 

and 1943. This temperature effect is superimposed upon a 

gradual increase in the percentage of females captured as the 

season advances. 



mis flatter 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 *lg. 14-rz also indicate that 

heavy or prolonged rainfall tends to depress the percentage 

of females in bait pans, even chough evening temperatures are 

favourable for moth activity. 

Data, represented in the same figures also indicate. 

how evening temperatures below 60°* and how rainfall reduces 

the total numbers of moths taken in bait pans. 

V . LIFE HISTORY OF THE CODLING MOTH IN NOVA SCOTIA 

A. Introduction 

Twelve years ago Brittain and Pickett tl933), in an 

account of the codling moth in iMova ocotia, 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-. The results of the present study 

indicate that this statement is essentially true. During 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. 

in that year certain well sprayed orchards in the codling moth 

area suffered more loss from second generation entries than 

they did from the first. This was due to the fact that large 

numbers of second generation larvae hatched and entered fruit 
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ia late August and early September u i * 30; after the protect­

ing spray coating had become much weakened by weathering and 

the expansion of the fruit, xhese late larvae succeeded in 

forming a large proportion of deep entries whereas a very higi 

percentage of the first generation entries in these orchards consist-

\mfA Of stings. This was the only year in which we succeeded in 

rearing second generation larvae, ieleven in all; in the in­

sectary. in 1941 two first generation moths, a male and a 

female, were obtained from caged material but no eggs were 

obtained even though the moths emerged only two days apart 

^AUg 18 and 20) and were caged together, small numbers of 

late bait pan captures and fruit entries"provide circumstantial 

evidence that there was a slight second generation in certain 

heavily infested orchards 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 noti.been possible to gather 

much life history data on a second generation in JMova Scotia. 

The life history study here reported largely refers then to the 

single annual brood, which is characteristic of the insect in 

the Annapolis Valley. This is followed by the limited amount 

of data available regarding the occasional appearance of first 

generation moths and of second generation eggs and larvae in 

the area. 

B. Overwintering Brood 

1. The Pupal Period 

Records of the time and rate of pupation of caged 

larvae were obtained in 1940, 1941 and 1942. During these years 

pupation started between May 12 and May 22. However pupation 
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i. 

atarta somewhat earlier than this in favourable situations 

on tree trunks, as is indicated in the records of tree trunk 

examinations (Fig. '18 and 19). The pupation period shortens 

as the season advances, requiring 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 trunks than in cages it also extends 

somewhat longer. This is due to the greater variety of cocoon 

sites present on the tree, varying from dry situations exposed 

to direct sunlight to damp situations which are always shaded. 

2. Moth J-mergence 

Records of moth emergence come from three sources: 

caged material, tree trunk examinations, and bait pan captures. 

'Hieseo.au?e— represented graphically in Fig. 18 - 22 in which 

comparisons are made of records obtained from various sources, 

and in different years. An atuempt is also made to correlate 

graphically the time relation between pupation, moth emergence, 

larval 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) aBd 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 r_lls 

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 a: Record of pupation of larvae gathered from sprayed 
Qrqjiards and kept in cocooning sticks in Cutright 
cages at Annapolis xioyal, 1940. 

Date of 
Observation 

Number of 
Larvae 

Cumulative 
% Pupated 

Pupal Period in Pi 
J__xtrernes For the majority 

May 12 
18 
20 
23 
25 
28 

June 7 
10 
16 
20 
25 

July 1 

186 
109 
. 91 
88 
58 
31 
8 
7 
5 
2 
1 
0 

0 
41.4 
51.0 
52.7 
68.8 
83.3 
95.7 
98.2 
97.3 
98.9 
99.4 
100.0 

28 - 40 
28 - 38 
33 - 36 
22-34 
23.- 38 
23 - 48 
30 

25 - 29 
23 - 28 
22 
22 

30-35 
33 - 35 
33 - 36 
31-34 
30 - 33 
26 - 33 
30 

25-29 
23 - 28 
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 iinnapolis Koyal, 1940 

Date of dumber of cumulative Pupal Period in Davs 
Observation Larvae io Pupated Extremes For the majority 

May 12 
18 
20 
23 
25 
28 

June 7 
10 
16 
20 
25 

July 1 

175 
83 
71 
71 
40 
37 
4 
1 
1 

• 1 
1 
0 

0 
52.6 
59.4 
59.4 
77.0 
78.8 
97.7 
99.4 

23 
27 

22 
28 
15 
27 

47 
32 

35 
29 
49 
51 

27 - 30 
28 

23-26 
28 

22 - 26 
27 

100.0 22 22 
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TABLE &: Record of pupation in cocooning sticks in a Cutright 
cage at Berwick, .M.S., 1941. 

Date of 
Observation 

May 21 
22 
23 
26 
28 

June 2 
3 
6 
8 
10 
12 
14 
16 
18 
20 
21 
23 
27 

July 1 

dumber of 
Larvae 

284 
247 
244 
239 
124 
94 
93 
69 
68 
67 
45 
40 
30 
29 
19 
15 
3 
1 
0 

Cumulative 
* Pupated 

0 
13.0 
14.0 
15.8 
56.3 
66.8 
67.2 
75.7 
76.0 
76.4 
84.1 
85.9 
89.4 
89.8 
93.3 
94.7 
98.9 
99.6 
100.0 

Pupal 
Extremes 

0 
25 -
28 -
26 -
23 -
18 -
20 

17 -
19 
35 

12 -
16 -
16 -
14 

15 -
17 -
14 -
13 
16 

32 
31 
28 
38 
26 

25 

27 
20 
23 

18 
20 
26 

Period in Days 
For the 

0 
29 

28 
23 -
21 -

22 -

18 -
18 -

16 -

14 -
13 

major it 

26 
25 

24 

20 
19 

18 

18 

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

Date of 
Observation 

May 16 
17 
22 
23 
24 
26 
27 
28 
29 
30 

June 1 
2 
3 
5 
7. 
9 
10 

number of 
Larvae 

555 
553 
552 
520 
519 
485 
467 
462 
434 
433 
429 
415 
391 
370 
351 
349 
326 

Cumulative 
y> Pupated 

0 
0.3 
0.5 
6.3 
6.4 
12.6 
15.8 
16.7 
21.8 
21.9 
22.7 
25.2 
29.5 
33.3 
36.7 
37.1 
41.2 

Pupal 
Extreme 

24 - 42 
40 

30 - 57 

26 - 42 
31-34 
24-34 
30-34 

29-33 
29-33 
28.- 31 
26-30 
24-33 
26-27 
25-27 

Period in Days 
For the majority 

40 
34 -
36 

32 -
32 -
33 -
32 -
33 

30 
28 -
26 -
27 -

26 -

36 

35 
34 
34 
33 

29 
30 
29 

27 



Table 6 continued 

Hate of #JNumber of cumulative Pupal Period in Days 
Observation Larvae # Pupated "EacEreSoe For the major!zy 

June 13 
16 
17 
18 
19 
20 
21 
22 
24 
25 
26 
27 
28 
29 
30 

July 1 
2 
3 
4 
5 
6 
7 
8 
10 
11 
13 
14 
15 
16 
20 

314 
287 
282 
278 
254 
237 
197 
190 
149 
148 
130 
127 
111 
109 
87 
72 
52 
49 
43 
29 
25 
19 
9 
8 
6 
5 
4 
3 
1 
0 

43.4 
48.2 
49.1 
49.9 
54.2 
57.3 
64.5 
65.7 
73.1 
73.3 
76.5 
77.1 
88.0 
80.3 
84.3 
87.0 
90.6-
91.1 
92.9 
94.7 
95.5 
96.5 
98.3 
98.5 
98.9 
99.1 
99.2 
99.4 
99.8 
100.0 

23 -
21 -
20 -
20 -
20 -
22 -
21 -
23 -
18 -
24 

19 -
21 -
20 -
19 -
19 -
18 -
20 -
21 -
20 -
19 -
21 -
18 -
17 -
13 
20 
19 
18 
29 

22 -
20 

25 
25 
25 
25 
29 
27 
32 
27 
28 

24 
23 
28 
21 
23 
26 
25 
22 
23 
23 
22 
23 
30 

23 

24 
22 -
23 

zl -
23 -
22 -
24 

23 -

22 

20 -

19 -
18 -
21 -
21 

21 -
20 -

21 -
20 -

20 
19 
18 

20 

24 

24 
24 
26 

24 

21 

22 
23 
22 

23 
22 

22 
22 
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'£ABL£ 7J Kecord of pupation in cocooning sticks in a cutright 
Q*_ge at Berwick, 1942. 

Date of number of Cumulative Pupal Period in Days 
Observation Larvae *> Pupated uagtrgflfeg AVSPag6— 

May 1$ 
18 
21 
23 
24 
25 
27 
30 

June 3 
6 
12 
13 
16 
18 
20 
23 
.24 
25 
26 
28 
29 
30 

July 1 

168 
168 
162 
155 
153 
152 
149 
147 
145 
144 
127 
124 
123 
69 
67 
27 
19 
18 
13 
7 
3 
1 
0 

0 
0.6 
3.6 
7.7 
9.0 
9.5 
11.3 
12.5 
13.7 
14.2 
24.4 
26.2 
26.7 
59.0 
60.0 
84.0 
88.6 
89.9 
92.0 
95.8 
98.2 
99.3 
100.0 

31 -
31 -
33 -
32 -
31 -
29 -
26 -
32 -
16 -
19 -
18 -
14 -
16 -
13 -
12 -
17 -
15 -
12 -
15 -

17 -

33 , 
34 ' 
31 
32 
31 
29 
26 
32 
25 
20 
18 
25 
16 
19 
18 
17 
18 
18 
15 

17 

32 
33 
31 
32 
31 
29 
26 
32 
20 
19.5 
18 
16.5 
16 
15 
16 
17 
16 
15 
15 

17 

Average 17.2 

emergence is from damp, heavily shaded situations such as 

wounds, or heavily mossed bark near the ground and on the 

north side of large tree trunks, janergence of caged material 

occurs over a considerably shorter period because the 

environmental conditions have less variation. Thus 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 

conditions is, in turn, later than from wire cages or boxes 

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

insectary shelves iFig 21;. 



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 to 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, ihis is quite pronounced at 

the beginning of the emergence period but tends to disappear 

toward the end. To some extent this record appears to be in 

accordance with the findings of -iel (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, it 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 

spent 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. Jiiis 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 - 1 0 days afterwards, A 

study of the graphs accompanying this report does not lend support 

to the above 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 St^te Moore, Webster et al (1939) have found that 

a period of as much as 25 to 30 days may elapse between the peak 



of bait pan captures and peak of larval entries. This is quite 

similar to the relation found in the Annapolis Valley. 

(a) Time of Day for Moth itoergence 

In cages most moths emerged between 9 a.m. and 1 p.m. 

A.SaT., 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. rlhe Sex Katio of Keared Moths:-

This was obtained for four different years (Table 8). 

A slight preponderance of females is indicated. 

TABLE 8: Sex ratio of reared moths. 

Years 

1940 
1942 
1943 
1944 

Total Moths 

667 
781 
1068 
209 

% Males 

45. 
44. 
51. 
48. 

.3 

.2 

.0 

.4 

% Females 

54.7 
55.8 
49.0 
51.6 

These figures correspond quite well with those of 

Hall (1927). Workers generally record a slight preponderance 

of females. In Washington otate, Newcomer and Whitcomb (1924) 

report 59 to 64 percent females, which is relatively high. 

4. Oviposition 

The record for caged moths is represented graph­

ically together with curves for mortality of male and female 

moths (Fig 27 - 29). In 1940 the average pre-oviposition 

period was between 3 and 4 days, it 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 Koyal, in 1940, 80 percent of the eggs were laid by 

the twelth day after emargence. At Berwick in 1942 and 1943, 



fifi-BLK 9: A. comparison of the average number of eggs laid per female per lantern-glob. 
cage for 1940, 1942 and 1943 (a) For the Ten highest averages per season (b) 
The average number per female for the season. 

1940(Annapolis Koyal) 
Average no. nates 

No of of Hggs per Moths 
Itoales " Female Kmergedd 

1942(Berwick) 
Average.no. Dates 

Ho of of i_ggs per Moths 
Females Female ] __nerged 

Ca) Ten highest oviposition averages: 

3 
16 
13 
3 
12 
13 
15 
9 
6 
15 

115.0 
110.0 
105.0 
105.0 
99.0 
96.7 
92.0 
89.0 
85.0 
75.6 

July 12 
July 5 
June ''24 
July 15 
Juty 10 
July 2 
July 19 
June 27 
July 18 
June 30 

1 
5 
8 
3 
1 
7 
9 
7 
7 

24 

158.0 
109.2 
85.7 
83.0 
80.0 
76.4 
73.0 
69.0 
59.0 
57.0 

Aug. 6 
Aug. 9 
Jun.29 
Aug.12 
Aug. 18 
July19 
July 15 
Julyl4 
July 1 
June28 

1943(Berwick) 
Average no. Dates 

Ho of of iSggs per Moths • 
Females Female __nerged 

7 
10 
15 
15 
9 
12 
9 
23 
8 
5 Cb) Average number of eggs per female for all cages: 

295 62.8 Jun. 17-Jul. 24 436 36.3 Jun. 2-Aug. 18 279 

51.3 
35.2 
31.3 
30.8 
30.7 
27.3 
26.5 
24.2 
19.6 
19.0 

July 8 
July 16 
July 14 
July 7 
July 4 
July 11 
July 12 
June 25 
July 10 
June 20 

17.6 Jun.11-Jul. 26 

http://Average.no


80 percent of the eggs were laid within eight days after 

emergence. ~t Berwick egg laying was completed by the eighteenth 

day. 

5. Number of Eggs per Moth 

Very few records were made of the number of eggs 

laid by individual moths, A 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 number 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, ihe numbers are 

compared in table 10 below;-

TABLE 10: A comparison of oviposition records for females 
emerging from wet and dry quarters at berwick, 1943 
and 1944. 

Wire Cages Dry Clav Pot Wet Clay Pnt 
Year No of isfegs per No of Efegs per No of Elggs per 

Females Female Females Female Females Female 

1943 279 17.6 118" 27.7 215 3.0 
1944 - - 216 12.1 61 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

ions. 
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6. Length of Life 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 1943 at Berwick, ihis is probably due 

to the higher temperatures prevailing at Berwick, &very year it 

has been observed that moth longevity is in inverse proportion to 

prevailing temperatures. That is, as temperatures become higher 

the length of life is shortened (Fig 13) as is also the period 

of oviposition. females tend to live somewhat longer than males. 

* 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, iviost of the 

moths which emerged from cocoons vtfiich had been kept under 

constantly moist conditions died within a week (Fig 29). The 

average length of life of males at Annapolis Koyal in 1940 was 

17.2 days, while that for females was 17.7 days. ±he 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 11.5 days. 

7. lime and Place of &stz 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 season 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 eggs 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. ±he 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 1161 x 161 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: A record of the number of codling moth eggs laid on 
leaves taken near apples as compared with leaves from 
twigs without apples. Berwick 1944. 

Leaves close Leaver Distant 
Leaves to apples from Apples 

Tree Orchard Date Ji-xamined Number Eggs Number Ogga 

1 Drew July 26 
2 Drew July 26 
2 Drew Aug. 24 
3 S. Yarmouth July 15 
3 S. Yarmouth July 24 
4 S. Yarmouth July 17 
4 S. Yarmouth July 27 

100 32 6 
100 31 2 
250 8 2 
200 35 0 
200 25 17 
200 31 17 
100 29 2 



The time of day that eggs are laid is of practical 

importance in#estimating 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, bait pan cap­

tures indicate that this is the period of moth activity, some 

special records of captures in pans at Berwick indicate that most 

moths are caught between shortly before sundown until aoout two 

hours after sundown, if the temperature goes below 60° F at or 

shortly before sundown very few moths are taken, it has been 

observed that if temperatures go below 60° F by sundown nearly 

every evening for a period following the emergence of the first 

moths, this is followed by a corresponding delay in the appear­

ance of early entries in apples. This was particularly evident 

in 1940 (Fig. 14 and 25). Observation of caged moths in the 

insectary indicates that under certain conditions larae numbers 

of eggs may be laid during the afternoon and early evening, xhis 

is particularly noticeable on warm overcasc days. Newcomber and 

whitcomb t, 1924J record that eaged moths lay over 50 percent of 

their eggs before 6 p.m. since the shaded conditions in the in­

sectary are sufficient to induce considerable egg laying auring 

the daytime it is not improbable that considerable egg laying may 

also be done during the daylight hours in Vie orchard under con­

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

often occur during duly. 
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TABLE 12: Kecord of incubation periods during the season of 1940 
in the insectary at Annapolis .xoyal. Also, the 
correlation between incubation periods and average mean 
temperatures for these periods. " 

err 

Date 
__ggs Laid 

June 26 
27 
28 
29 
30 

July 2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
15 
16 
17 
18 
19 
21 
22 
23 
24 
25 
26 
27 
29 
31 

Aug. 2 
^6* 

6 7 
8 
9 

Number of Jiiggs xicitched for the 
Incubation 
6 7 8 

23 
31 102 

Periods. 
9 10 

46 
119 

61 ^ 
66 
58 
88 
12 
29 

55 
130 
14 

4 

11 

19 
48 
28 
230 
83 
59 
74 
102 
22 
69 
72 

26 
50 
44 
17 
46 
18 
11 
6 

12 

78 
34 
18 
42 

indicated 

13 Days 

32 
20 

0° *'. Mean 
Temperature 

61.7 
62.4 
63.1 
63.7 
63.9 
64.7 
64.8 
64.8 
64.6 
64.5 
64.7 
64.7 
64.7 
64.7 
64.9 
65.0 
65.8 
66.9 
67.5 
68.4 
69.0 
-9.5 
69.4 
69.4 
70.0 
68.9 
67.7 
66.7 
65.7 
66.5 
64.4 
64.3 
63.9 
64.1 
64.5 

Averse incubation period - 10.8 days 
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TABLB 13: Kecord of incubation periods during the season of 1942 
. .4 .. . . ia insectary at Berwick. Also, the correlation between 

incubation periods and average mean temperatures for 
thefee periods. 

SB 

Number of aggs matched for the indicated 
Bate incubation.Periods. 0° F. Mean 
jiggs Laid 6 * 7 8 9 10 11 12 13 _o.l4Days Temperature 

June 10 
12 
13 
14 
16 
18 
19 
22 
23 
24 
25 
26 
28 
30 

July 1 
2 
3 
4 
5 6 
7 
8 
10 . 
12 
13 
15 18 
20 
22 
23 
24 
27 
29 
ao 

Aug. 4 13 
14 
16 
18 
19 
_r*^*ft 

21 
22 

33 

36 
82 

- • • . - • 

8 
14 
65 
21 
32 
35 

48 

36 
32 

3 

109 

11 

11 
45 
40 
26 77 
4 
22 

n l 

31 
34 
165 

2 
17 
7 
23 

9 
14 
9 
8 
27 
72 

9 

8 

16 
26 
~1 ^ 11 
41 
1 
2 
12 

-T"t 0~\ 

38 
26 
28 
23 

9 
3 

20 

4 3 

4 

6 
4 
2 
12 

87 
6 5 

53.8 

60.1 
59.1 
60.7 
62.9 
63.8 
65.8 
69.3 
66.8 
71.1 
68.0 
69.5 
70.0 
70.0 
68.0 
9* /> 9\ 66.3 
64.6 
63.0 
64.7 
64.0 
64.9 
67.1 
67.3 
65.2 
68.1 65.9 
66.1 
66.4 
65.1 
64.9 
64.2 
64.2 
64.8 
69.2 
69.4 
66.7 
60.9 
61.3 
59.9 

Average 
incubation period = 8.84 days. 
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TABLE 14; Kecord of incubation periods during the season of 1943 
in*the insectary at Berwick, also,, the correlation 
between incubation periods and average mean temperatures 
for these periods. 

Date 
Eggs Laid 

dumber of J_ggs -latched for the indicated 
incubation .Periods. 
6 7 8 . 9 10 11 12 13 Days 

July 
3 -

10 -

June 23 
24 
25 

26 - 27 
28 
2 
5 
6 
9 
10 
12 
13 
14 
15 
16 
18 
19 
20 
21 
22 
23 
25 
26 
27 
28 
30 
1 
2 
5 

Aug 

29 

33 
13 
56 
140 
19 46 

20 
14 

32 
38 

31 

15 
26 

103 
35 

54 
49 
7 

157 
94 
54 
39 

30 

58 

27 
32 

29 
159 

17 
3 

0° *'. Mean 
Temperature 

62.7 
62.3 
61.4 
61.0 
63.8 
66.6 
69.4 
70.8 
73.3 
74.5 
72.2 
69.6 
68.4 
67.9 
67.8 
69.2 
68.8 
69.2 
68.4 
67.9 
68.2 
68.7 
68.4 
66.7 
65.3 
65.7 
64.4 
63.7 
64.1 

average incubation period =9-87 aays 



C First feneration 

1. incubation Feriod of Ap^g 

Temperature conditions influence the incubation 

period of eggs, m the course of this st.dy codling moth eggs 

were recorded as hatching in from as few as 6 days to as many 

as 14 days after oviposition. m e average incubation period at 

Annapolis Koyal in 1940 for 2086 eggs was 10.8 days. That at 

Berwick in 1942 for 1699 eggs was 8.8 days and in 1943, for 1459 

eggs it was 9.8 days, in the detailed records U'ables 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 Vcilue in estimating the probable 

incubation periods of eggs at different times during the season 

if daily mean temperatures are available. 

2. Time of Katching 

in the orchard this is indicated by entries into 

apples, A comparative record of the occurrence of new entries 

and Increase of tot .1 entries at Berwick for the seasons 1940 to 

1946 is given in Fig.30. The relation of entries to fruit develop­

ment of the Mcintosh is included in table 19. June 22, 1942, is 

the earliest date that entries are known to have occurred in the 

Annapolis valley, ^he latest date recorded for the observance of 

a first entry was July 10, 1943. The record for first entries is 

fairly accurate, since a close watch has been kept for them every 

year, starting in 1940. The numbers of entries generally increase 

quite rapidly after the appearance of the first ones irig 30;. The 

time when the peak of entries occurs varies from year to year 

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

26 in 1945. ihe 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 Jinergence". 

3. Length of Larval Feeding Feriod 

At Annapolis Koyal 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, Table 15). 

At Berwick in 1942 the average was 30.8 days, with a maximum of 

63 days and a minimum of 14 days iFig 33, J-able 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, in 1940 there was a fairly good 

correspondence between the feeding periods of larvae reared at 

Annapolis Koyal and the number of days elapsed between correspond­

ing percentage points of curves for larval entries and band 

collections at Berwick IFig 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 tFig 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 IFig 34). In this case both field records are for un­

sprayed Gravenstein trees in the South Yarmouth slock. * e series 

of entry counts was confined to the one tree. ±he mature larvae 

were collected from bands on eight Gravensteins in the same 

orchard. Entries 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 IFig. 26) is based 
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- JABLK 15 s A record of the dates 
and ef the feeding pe 
reared in the insecta 

Hatching JMO of 
jUate Larvae Averag 

July 5 
98 - 90 
9-10 
10 - 11 
11 - 12 
13 - 14 
15 - 16 
16 - 17 
17-18 
18 - 19 
19 - 20 
21 - 22 
22 - 23 
24-25 
25 - 26 
26 - 27 
28 - 29 
29 - 30 
30 - 31 
July 31-
Aug 1 -

3 -
4 -
6 -
9 -
10 -
12 -
17 -
18 -

Aug 1 
2 
4 
5 
7 
10 
11 
13 
18 
19 

12 
3C 
24 
3C 
12 
13 
16 
13 
14 
9 
46 
17 
29 
19 
32 
21 
16 
5 
10 
10 
9 
15 
11 
14 
10 
14 
6 
11 
6 

31.2 
36.1 
39.5 
37.8 
36.5 
41.2 
30.0 
32.3 
30.9 
29.4 
34.5 
35.3 
40.9 
42.0 
40.6 
36.0 
46.1 
43.0 
38.2 
36.3 
38.0 
38.9 
42.0 
40.1 
41.8 
45.5 
41.6 
40.0 
38.5 

Total 474 37.87 

of hatching, number of larvae, 
iod of each group of larvae 
y at Annapolis Koyal in 1940. 

Feeding Period 
Minimum -maximum 

29 
26 
32 
29 
32 
23 
23 
27 
28 
26 
26 
25 
30 
30 
29 
30 
31 
33 
29 
31 
29 
28 
32 
33 
34 
32 
36 
30 
33 

33 
55 
54 
56 
48 
62 
45 
36 
35 
39 
63 
41 
58 
59 
59 
50 
74 
54 
47 
49 
52 
53 
51 
67 
59 
64 
48 
_ > _ ; 

47 

average 



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

Hatching 
Date 

Jun. 25 -
July 1 -

2 -
6 -
7 -
8 -
9 -
10 -
11 -
13 -
15 -
17 -
18 -
20 -
22 -
25 -
27 -
30 -

Aug 21 -

Iota] 

I 

26 
3 
3 
7 
8 
9 
10 
11 
13 
16 
17 
18 
20 
22 
24 
27 
29 
31 
22 

L 

No of 
Larvae 

24 
12 
21 
16 
10 
43 
24 
45 
57 
79 
19 
50 
37 
34 
20 
11 
19 
22 
7 

550 

Average 

33.5 
29.2 
28.2 
28.2 
27.3 
31.6 
38.0 
31.0 
31.5 
30.9 
31.6 
29.7 
31.3 
28.4 
30.0 
26.3 
33.0 
30.6 
30.1 

30.8 av< 

Feeding Period 
Minimum Mq-rimiim 

32 
25 
24 
20 
20 
18 
17 
22 
15 
16 
14 
22 
16 
16 
21 
21 
16 
19 
23 

jrage 

40 
36 
35 
43 
37 
63 
59 
45 
63 
55 
53 
47 
50 
48 
52 
43 
44 
54 
32 

-9 

on counts on a Mcintosh in a sprayed orchard (D.L.B. Chute). 

One ef the curves for tree band collections is based on records 

from 5 Mcintosh trees in the same row of the same orchard, the 

ether is based on collections from 2 Baldwin trees in the 

adjacent Kilts orchard. 

*ihe results of captures of codling moth larvae in 

tree bands on four different varieties of apple in 1940 (Fig 35) 

suggested that possibly the larval feeding period was shorter in 

the fruit ef Northern Spy than in Mcintosh, Golden Kusset and 

Baldwin. ifoe results of captures in bands in 1941, however, 
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IFig 36) do not support this. An examination of the record for 

"the two years indicates that there is probably little significant 

difference in the rates of larval development in these four 

varieties• 

The difference between the two curves for JNorthern spy 

in the two orchards used in 1941 may possibly be significant, 

since the larvae from the JLI.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 riiltz orchard came 

from trees which received no arsenical sprays after the bloom, ihe 

owner /however, had used an arsenical in tjae pink spray. 

jj. second feneration 

1. results from uaged Material 

in 1942 a few caged first generation larvae pupated and 
â C\-

emerged as moths 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 brood of moths emerged June 9 
12) tfggs laid J u n e i:L t 0 ^3 

<.3; -sggs hatched June 26 to 27 
i4J Larval development and pupation in 

jĝ P June 25 - ? 
15) From'which three moths emerged Aug. 4,10,17. 
These moths were caged with moths from other sources, 

each in a separate lot so that their progenies are merged with 

those of first generation moths from other sources. 

Of 556 larvae collected from tree bands between 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 
<mt- "»• 

collections of larvae and pupae taken from tree trunks. The 

following is a record of the collections of unparasitized material 

made on and after July 10 in the coulter Block at Berwick (Table 17)J 

TABLE 17s 

Collection 
Date 

July 10 
15 
24 
31 

Aug. 8 
13 
20 
25 

Codling Moth 
Larvae 

1 
3 
10 
60 
81 
221 
106 
83 

Pupae 

14 
11 
5 
17 
13 
11 
4 
0 

Empty 
Cocoons 

147 
97 
126 
-

-

— 

-

" 

Empty cocoons were not counted after July 24. From the 

above record it appears that larvae 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 

whereas most if not all of those collected after this d̂ te were 

probably 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. This means t_i_-t 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 

ce»«ation of pupation is obscure, involving as it does the problem 

of diapause in insects Uigglesworth 1942). If it is due to a 

temperature relation, such as a temporary drop in temperature in 
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July* it is evident that some sort of irreversible action is 

involved, sinc^ high and apparently favourable temperatures 

occurred in August. Keadlee (1931; reports data which indicate 

that when the summer average weekly minimum temperatures reach 

the immediate neighborhood of 60° ir,pupation ceases, in î ew 

Jersey, if this temperature condition comes before there is a 

second brood there is no second brood, if it comes during the 

second brood there is only^a partial second brood, lsely {.1939; 

on the"'other hand, says that, "The time when larvae no longer pupate 

does not appear abruptly during a season as a response to some 

climatic condition11. 

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 ̂ nnapolis valley. This is evident, from 

the 'record for reared larvae and for larvae collected from tree 

bands in 1942. The few thut did pupate were not the earliest to 

enter hibernation quarters, lsely U937; evidently considers th^t 

there are one, two, three and four-generation strains of the codling 

moth in Arkansas of which the three-generation is the dominant 

strain, tie states that, "The factor that probably determines 

whether or not larvae enter hibernation is the elapse of enough time, 

at a favourable temperature, o-fter the beginning of the season for 

them to have completed their inherent number of generations-. 

Shelford U927) concluded that the falling of mean temperatures or 

at least minimum temperatures has no apparent effect on the in­

itiation of hibernation, he also added that, ".he explanation of 

hibernation phenomena is probably to be sought in the activity of 

enzymes". 

* itf it is true that the pupae collected on the tree trunks 

after August 1, 1942, <T*bl« " > • " f i r s t S^^ation pupae rather 



than lata -.sabers of the overwintering brood, then we must 

conclude that a larger percentage of first generation pupation 

occurred on the tree trunks 'than among larvae reared in jars or 

among larva, from tree bands. It is doubtful whether moisture 

conditions are a significant factor, The larvae reared on apples 

in gum jara formed their cocoons in corrugated paper rolls which 

were continuously under conditions of high humidity, due to the 

fact that the jars were nearly filled with apples. *he 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 

lew humidity. 

'-."he following is a record of the emergence of first 

generation moths from material collected from tree trunks in the 

Coulter Block, Berwick, on and after July 24 (Table 18):-

TABLE 18: 

Collection Date 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 

Pat. Moths emerged Number of Moths -taerged 

August 3 
5 
7 
8 
10 
11 
12 
17 
18 
19 
21 

Totals -
A total of 30 first generation moths were obtained for 

caging: of th.se 9 were males and 21 were females. Xhoy laid 

1 

1 

1 
2 

1 
1 

1 
1 
3 

1 
4 

4 
1 
5 

http://th.se
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a total of 1021 eggs or an average of 49 eggs per female. One 

individual female laid 80 eggs and another 62 eggs. Most of the 

eggs required an incubation period of 10 - 11 days. 

Approximately 11 larvae were reared through and entered 

cocooning sticks, of these 7 hatched on August 21 - 23. One 

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. 'They remained small or simply 

disappeared. 

2. Kesults of Field 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 tFig.23). Most moths taken after 

the middle of August are likely to be first generation moths rather 

than those of the overwintering brood. On 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 possibly also in 1940 and 1945. The loss of fruit from 

late entries was negligible in all but 1942. 

K. Correlation of Codling Moth Development with that of the 
jipple and other Plants 

From the standpoint of instituting control measures 

against this insect it is importoJit 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. 

W g 26 provides such a standard for the year 1941. Table 19 

correlates the development of the variety Mcintosh with the 

development of the codling moth in the orchard at Berwick for the. 



years 1940 to 1945. 

On the Uaais of the data available the following chart 

has 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 JNanny-berry Bush (Viburnum lentago L) and the Spreading Dog-

bane CAoocvnum androsoemifolium);-

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

Plant Stage 
Apple (Mcintosh) unless 
indicated otherwise 

Approximate stage of Codling 
Moth Development 

1. ifiarly pre-pink 

2. Full bloom - end of bloom 

3. Calyx closures almost 
completed 

4. Spreading dogbane bloom 
just starting. 
Hannyberry bush in full 
bloom. 

About a week after #4 

About 3 weeks after #4 

About 3-4 weeks after #4 

About 4-5 weeks after #4 

Larvae starting to pupate 

Moths beginning to emerge 

First eggs been laid several 
days. 

First entries in apples. 

Heavy entry period begins, 
lasting about a month. 

Main peak of entries. 

First larvae complete feed­
ing and leave fruit 

Larvae probably leaving 
apples in large numbers to 
seek 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 correlating the development of the codling moth in the orchard with 
easonal development of the apple variety Mcintosh at Berwick 1940-1945. 
— i. in. " •••-M \ :'^J- s=-a-s_=--_a_a=a_=_=, " ,„~ . .,f - • .n̂ ,̂,,,. L n „ -7 

1940 ''? 1941 " ' ; 1942 1943" "l944 "'* 1945 

* 

•HUNKS 

1 TRUCKS 

[T PANS 
closing 
sloses 
carting 
CKIES 
LST GEN. 

_ND5 

_> 

bo pick 

May 5 
-

• 

May 16(10$) 
May 17 
May 27 
June 2 
. -

June 10 
June 9 

-

June £0 
July 3 
July 3 

)Jul 10-Aug 
Jul 21-Aug 
Aug 4 

-

-

Oct. 1 

. m. 

9 
1 

-

May 10 
May 12(10%; 
May 19 . 
May 28 
June 6 
June 10 
June 12 
June 15 
June 16 
June 20 
June 28 
June 29 
Jul 4-Aug 8 
Juli8-25 
Aug 1 
Aug 18-20 
Aug 25-Sep 
sept 28 

April 30 
• " * 

> May 12(13*] 
May 11 
May 18 
May 24 
May 26 
May 28 
June 7 

-

June 15 
June 24 
June 22 

Jun 30-Aug 9 
Jul 2-Jull6 
July 19 
Aug 3-21 

5 Aug 21-Sep 
sept 20 

May 14 
May 18 

> May 17(9%) 
May 19 
May 28 
June 4 
June 9 
June 14 
June 16 
June 23 
June 29' 
. -

June 9 

May 4 
May 9 

-

May 17 
May 22 
May 27 
May 28 " 
May 30 
May 30 
June 7 
June 16 
. -

June 23 
Jul 20-Aug 23 .Jul 4-30 
Jul 20-27 

Aug 10 
-

20 
Oct 1 

Jul 18-26 
-

-

Sep. 6 
Sept 22 

April 16 
|£>ril 20 
May 10 ( 
April 30 
!0ay 10 
May 21-3 

• 

June 7 
June 12 
June 13 
June 22 
June 29 
July 5 

Jul 13-Aug 
Jul 26-Aug 
Aug 4 
«»» 

Oct 2 



cenrfration entries to be of economic importance in varieties such 

as spy, Golden mas set, and wagener. in such a case these are likely 

to appear by the last week in August. 

VX CODLING MOTH BEHAVIOR AS INDICATED BY BAIT PAN CAPTURES 

JL. Period of Moth Activity 

This has already been shown graphically in various 

figures, particularly in *ig.23 and 24. it was thought that 

there 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. 1'hus it might be 

expected that the rise of moths in the Hiltz orchard would be 

behind that in the ii.L.a. Chute orchard in 1943, 1944 and 1945 

as a result of more effective codling moth control in the ailtz 

orchard after 1941. such difference might be expected between 

the Jtiiltz and south Yarmouth orchards in 1943 and 1944 following 

the uncontrolled outbreak in the latter orchard in 1942. it was 

thought that captures in the Wash orchard might be retarded, 

thus indicating a substantial influx of moths from outside the 

baited areas, such has not been the c<_se U>lg.24). 

B. comparison of rotal captures 1939-1945 

A record of total bait pan captures in the same 

orchards, generally in the same trees, gives some indication of 

population levels and trends from ye.r to year, such a record 

- ., * ^rsr. _ number of orchards in the Berwick 
has been accumulated for a numoer 01 

area ITable 20). 



IART.K 20: A. comparison of the numbers of codling Moth captured 
pef bait pan per season during the years 1939 - 1945 
in several orchards in the Berwick area. 

Orchard 1939 1940 1941 1942 1943 1944 1945 

D.L.B. Chute 
Hilt* 
south Yarmouth 
Drew 
F.M. itfash 

• 

37 
-

-

26 

-

164 
188 
-

80 

713 
378 
617 
-

242 

435 
193 
371 
-

74 

306 
155 
211 
144 
102 

171 
169 
116 
122 
136 

130 
168 
88 
184 
217 

"The 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. The jj.L.n. Chute orchid has 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 F.M. î ash orchard. 

A comparison of the amounts of fruit injuries and 

bait pan captures in the uiltz-south Yarmouth orchards Itable 

21) shows that bait pan captures only partially reflect the 

amount of codling moth populations originating in the orchards 

in which the pans are located. 

it is probably true, as evidence obtained by steiner 

(1940) with liberated marked moths suggests, 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. 

The evidence in i-ble 21 also suggests that moths 

• +« *-? thpir e_?_?s in the orchard in which 
tend to lay the majority of their eggs i" ^ 

they originate. 
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TABLE 21: A comparison of records of the numbers of larval 
9nt$ies per 100 apples (picked fruit) as well as 
of total numbers of moths taken in bait pans, for 
two adjoining orchards (hiltz and oouth Yarmouth J 
at Berwick, for the years 1943, 1944 and 1945. 

1943 1944 1945 
Hiltz . s. Yarmouth Hiltz S.Yarmouth Hiltz S.Yarmouth 

-m-mm-m•—•••"•U _ _ _ _ _ _ _ ^ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ 

Moths captured: 
Bait pan #1 241 398 258 136 305 124 
Bait pan #2 357 344 320 130 260 80 

Entries per 100 apples - variety uravenstein: 

Stings 8.8 . 76.5 8.3 9.5 
Deep J2intries0.4 " 4.7 0.0 0.1 

Entries per 100 apples - variety (iolden Jiusset: 

Stings 43.8 206.6 36.9 15.9 131.1 152-2 
Deep Entries*.7 19.5 5.1 1.5 6.4 10.5 

Entries per 100 apples - variety Baldwin: 

Stings 35.4 165.4 22.1 22.5 157.6 155.0 
Deep Entriesl.4 6.1 0.8 1.4 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 tin 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 orchcxrd due to it 
being left unsprayed. 
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# 

C Effect of Location of Fans in Trees 

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 14 feet from ground) and at 

the end of a long branch. (2) Mid-height, centre (.almost 

directly above the trunk and about 9 feet above ground). (3) 

Top centre, (almost directly above trunk and about 17 feet above 

ground). 14) 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 U ) , (3), and (4) were each nê j? the 

leafy periphery of the tree while {2) was near the centre and 

remote from the periphery, A record of the total nunibers 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 different, locations on one 
tree compared with a similar single-pan tree nearby. 

Mid- Mid-
Low height Top height Total Tree 

Outside centre centre Outside for tree nearby 

Male. 16 25 206 42 289 75 
Female 27 32 113 29 k_01 60 
Total 
* Females... 63.0 % 56.056 35.0» 24.5% 41.0% 44.4% 
% of tree 
total 8.8 % 11.8% 65.1% 14.5% 

. Bobb, woodside, and Jefferson tl939) as v.ell as others 

have reported that the top of a tree is the most favourable 

location for a bait pan. The object of this experiment was to 
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find out whether this was because the pan was near the top 

of the tree or near the leafy periphery. The results of the 

experiment indicate that the former is the case. 

ihe 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 heights and nearly at a leve._ with the tOjj of uhe tree. 

Exactly the same locations were used for hanging the pans in 

these two years. The record is given in table 23:-

TABLE 23: Total codling moths taken in individual pans in the 
4-pan tree in 1943 and 1944. 

1943 1944 
Total Per cent Total Jrer cent 
Moths females Moths Females 

51.7 80 30.0 
35.3 66 30.3 
35.1 77 33.7 
45.0 34 55.8 

41.6% 257 34.6% 

55.4% 88 33.7% 

D. Effect of Adding i\ficotine Sulphate to Bait 

Bel'skiX (1936) reported .th^t the addition of nicotine 

sulphate tended to increase the effectiveness of a molasses 

bait. For three years (1942, 1943, 1**4) twin ^ans of uolasses 

bait, one with the addition of nicotine sulphate ^t the r^te 

of one per cent and the other without, have been hung at equal 

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

North 
Centre 
South-east 
west 

58 
65 
74 
91 

Total for tree 288 
Single-pan tree 
nearby 110 
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orchard at Berwick. The results (table 24) indicate that the 

addition of niftotine Sulphate makes little significant difference 

in the numbers of moths taken. There was a small but consistent 

decrease in the percentage of females taken in the molasses-

nicotine bait. The addition of nicotine sulphate proved to be 

a useful practice 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. 

1942 1943 1944 

No nicotine 
•Tree #3 108 212 54 
Tree #4 100 198 69 

Average per pan 104.0 205.0 61.5 
Percent Females 59.6* 33.2* 45.5% 
Nicotine Added 

Tree #3 105 166 73 
Tree #4 138 218 _69 

Average per pan 128.5 192 71.0 
Percent females 52.5% 28.6* 34.5% 
Single-pan trees 

Tree tfl 78 184 81 
' Tree tfZ 133 239 136 

Average per pan 105.5 211.5 ??* )L 
Percent Females 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. 

JS. Effect of varying the Number of Pans per Tree 

From the results obtained in 1942 it was evident that 

when more 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 

size in the same area. It was evident that a concentration of 
# 

bait pans resulted in an increased concentration of moths in a 

tree. Most of these moths must have been attracted from quite 

a large area since the trees used, particularly those in the 

Hiltz orchard, would have overwintered only a small proportion 

ef the moths taken in them. Table 25 summarizes the results of 

captures in single-pan, twin-pan, 4-pan and 6-pan trees in the 

adjoining Hiltz and South Yarmouth orchards -„t Berwick:-

TABLE 25: A. comparison of the numbers of codling moths captured 
per bait pan and per tree where one or more v.ere hung 
per tree, south Yarmouth and Hiltz orchards, Berwick, 
1942 - 1944. 

1942 1943 1944 

Kilts* single-pan trees 
Tree #1 

#2 
#3 
#4 
#5 

Average per pan and per tree 
Hilta 4-pan tree 
Average per pan 
So. Yarmouth 1-pan trees 

Tree #1 
ffCm 

Average per tree and per pan 

So. Yarmouth 2-pan trees 
Tree #3 

#4 
Average per tree 
Average per pan 
So. Yarmouth 6-pan tree 
Average per pan 

119 
163 
135 
241 
357 
203 

490 
122. 

344 
398 
371 

213 
238 
225. 
112. 

5 

* 

* 

,5 * 
,7 * 

110 
63 
110 
240 
252 
155 

2S8 
72 

184 
239 
211.5 

378 
416 
397 
198.5 

93 
86 
88 
258 
320 
169 

257 
64. 

81 
136 
108. 

127 
138 
132. 
66. 

330 

2 

5 

5 
2 

• This record was not started until July 10 and is there­
fore not comparable with the others. The avenge number of moths 
per tree and per pan for trees #1 and #2, *out_ Yarmoutn, starting 
July 10 is ltiES, which is comparable with the figure 112.7, the 
average given for 2-pan trees #3 and #4. 



F. Comparison of Codling Moth Injuries on Trees With 
and Without Bait Pans 

In the course of taking records of codling moth 

injuries on picked fruit in the Hiltz-South Yarmouth orchards 

in 1944, records for some of the bait pan trees and for some 

neighboring trees of each were kept separately. The object 

was to determine if the presence of the bait pans had a modify­

ing effect on the amount of injury b^ codling moth larvae. The 

results are as follows (table 26):-

TAELE 26: Number of codling moth larval stings and deep entries 
per 100 apples from neighboring threes vith and without 
bait pans. Berwick, 1944. 

Hilta, single-pan tree #1 
U H U M U£ 

Hiltz, four-pan tree 
So. Yarmouth single pan 

Tree #1 
#2 2-pan tree #1 

2-pan tree &2 
6-pan tree 

Bait Pan Trees 

Stings 

3 
13 
5 

0 
15 
9 
10 
15 

Deep 
Kntries 

0 
0 
0.5 

2 
1.5 
0.5 
0.5 
0.4 

Neiphborinp; Trees 

Stints 

9 
7 
10 

3 
20.2 
5 
8 
11 

Deep 
Kntries 

0.1 
0.3 
0.1 

1.5 
1.1 
0 
0 
0.2 

It would appear from the above results that the 

presence of one to six bait pans in a tree makes little sig­

nificant difference in the amount of codling moth injury as 

compared with that on neighboring trees without b-it pans. *ny 

reduction in injury has been general over the area. 



¥11. aOMfei MTJTKS OU L^VAT. BEHAVIOR 

A. Calyx _itries 

It is rare to find successful calyx entries in 

orchards which have been regularly sprayed with arsenicals. 

If several hundred apples from a heavily infested orchard are 

fiut across the calyx end and examined it is evident that many 

codling moth larvae have started into the fruit at this point 

and then disappeared, ihe evidence is in the form of a small 

healed wound often accompanied by a pale encrustation, located 

in the calyx cup. it 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, ihis is to be 

expected since the sepals shrink in size rather than grow. The 

results of experiments with arsenical sprays on a few trees in 

the South .armouth orchard in 1942 at Berwick as well as on some 

neglected trees at Lequille, showed that lead arsenate at the 

rate of 4 pounds per 100 gallons of water applied during the 

pink stage was sufficient to control a large proportion of the 

calyx entries (table 27J. The spraying at Berwick was done with 

a power sprayer. That 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. 

Eiiiri5-t per 
Apples Total 100 Apples % Calyx 

Orchard Treatment Kxamn'd J_n tries Total Calyx __n tries 

Berwick Sprayed 2645 
Berwick Unsprayed 3330 
Lequille Sprayed 1000 
Lequille Unsprayed 1000 

2622 
4090 
161 
575 

99.0 
121.0 
16.1 
57.5 

6 
50 
8.9 
44.2 

6.1 
41.7 
55.0 
77.0 
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•Ihis evidence ̂ brings into question the validity of the explanat­

ion given by Melander 11906, 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, 

namely, that regarding the importance of applying a calyx spray 

containing an arsenical. They laid emphasis on the importance 

of thorough spraying at tt̂ is time in order to ensure that the 

necessary poison was placed in the inner calyx cup. Melander 

(1909) stated that a single thorough spraying just after petal 

fall resulted in practically 100 per cent centrol in Washington, 

Utah*and Colorado. Ball (1907) advised a second one just before 

calyx closure. As a result of experimental work done under his 

direction in Arkansas, Virginia, and Michigan, ^uaintance 

(Qiuaintance et al 1911) was convinced of the "great importance 

of thorough spraying to fill the calyx cups with poison". Over 

30 years ago however banders (1915) reported that a spray applied 

immediately before the bloom resulted in almost as &ood control 

as a spray applied 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. 'They considered that, in British Columbia £t is not 

essential 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 
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ijx table 24 support the views of waddell and Marshall (1942) 

and of Golfari U929). These views are reasonable when con­

sidered in conjunction 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. Therefore, in order to enter the calyx, 

larvae must either go between the closed sepals or bite 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. 

The data given in Table 27 for unsprayed trees might 

be interpreted to mean that codling moth larvae in lasg-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. There 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 infestation in the former orchard, îiote that there is 

actually a few more Co.lyx entries per 100 apples in the commercial 

orchard. Only a very small percentage of the apples in the 

Lequille orchard contained more than one entry whereas 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 many (in Ontario), that there 

kias been 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 or infestation in the orchards at the time 

these figures were obtained, it is possible that the percentage 

of calyx entries may have a quantitative basis. 

The following additional data &*£ offered as evidence 

that it is doubtful whether there has been a real change in the 

calyx entry habit of larvae in regularly sprayed orchards as 

compared with neglected orchards-in the Annapolis Valley. 

Some records of calyx entries are available for the 

long negle.cted Wolfe orchard near ..c_terville for the years 1939, 

1941, and 1942 (Table 28}:-

TABLEL 28: 

Y Apples Total Entries per 100 Apples % Calyx 
Year fixam'd iiintries Total Calyx tin tries 

1939 300 83 27.6 14.6 53.0 
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 -iouth Berwick. This orchard 

was sprayed quite regularly up until 1945 when, because of a 

threatened crop failure through frost, no spraying was done.-

Codling moth had been pretty well cleaned up by thorough spray­

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

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

67.8 per cent were calyx entries. This orchard is in the 

heavily infested codling moth area. 

The following is a 1942 record from a comraercial 

orchard in the Berwick area which was not sprayed that year and 

which had a comparatively light infestation: 1000 apples 



(.Wagener and Grevenstein; were examined. Only 80 entries were 

found and of these 60 per cent were calyx entries. 

B. Larval entries at Top 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, ihe 

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. This record was made at picking 

time in 1943:-

TABLE 29: 

Variety 

Gravenstein 
u 
H 

tl 

G. Russet 

u 

Mcintosh 
14 

II 

Orchard 

Hiltz 
it 

tt 

S. Yarmouth 
u 
ir 

14 

D.B.L. Chute 
ii 

ti 

No of 
Apples 

220 
300 
506 
2065 
620 
620 
60 

1300 

482 
650 
200 
1332 

Section iilntries per 
of Tree Sting 

Top centre 8.0 
Bottom 6 .0 
Drops 10.0 
Total crop 8.0 
Top 83.0 
bottom 76.1 
Drops 61.6 
Total crop 
Top 71.6 
Bottom 82.3 
Drops 70.0 
Total crop 

100 apples 
Deep 

0.1 
0.3 
7.5 
0.1 
6.4 
3.1 

58.3 

9.7 
6.0 
43.0 

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, '-'he problem is not 
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.entirely solved however due to lack of knowledge regarding the 

source 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 heights 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. There 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. There 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 rtoodside 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 Trunk of a heavily 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, ihe apples of this tree also were not picked but were 

allowed to drop. *very 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. 

a-ply band of jute sacking around it, were set upright on the 
1 # 

ground at distances 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. The trunk and main limbs 

of the tree itself were thoroughly scraped and a large band placed 

around the butt. The following is a record of the total numbers 

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

parasitised larvae are distinguished from the normal ones. 

TABLE 30: 

Distance fr 
Main Trunk 

Main Trunk 
3 feet 
10 feet 
20 feet 
30 feet 

TOTALS 

on_ ttumber 
.Normal 

292 
59 
6 
1 
0 

358 

• of Larvae in 
Parasitized 

223 
17 
0 
0 
0 

240 

joands 
Total 

515 
76 
6 
1 
0 

, 598 

* of Total 
for tree 

86.1 
12.7 
1.0 
0.2 
0 

% 

Parasitized 

43.3 
22.4 
0 
0 
0 

40.1 

The following items of interest in connection with the 

above experiment are drawn to the reader's attention: (1J The very 

large percentage of larvae which were collect-d on the bend on the 

tree butt despite the fact that the ground bec-me covered with 

drop apples some of which fell as f_r from the trunk as the furth­

est banded stub. Many of these drop apples still contained larvae 

in various stages of maturity after tney fell, -his statement is 

made on the basis of successive examinations of the drop apples 

under the neighboring gravenstein tree mentioned above. The results 

were as follows stable 31):-
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fABLfi 3li Record of the results of the examination of deep 
entries in the drop apples collected at successive 
intervals under Gravenstein #1. south Yarmouth 
Orchard, 1942. 

Date 

Aug 6 
12 
19 
25 

Sep 1 
9 

17 
23 

Oct 2 

TOTAL 

JNO Of > 
Apples 

300 
199 
274 
150 
165 
83 
135 
84 
45 

1435 

jonpty 
gavi-
ties 

273 
2.01 
243 
93 
90 
33 
56 
21 
9 

1024 

Mature 
Larvae 

22 
23 
11 
3 
5 
2 
0 
0 
0 

i 
Grown 

10 
13 
8 
4 
3 
1 
5 
1 
0 

i 
fir own 

14 
9 
2 
1 
2 
1 
4 
0 
0 

4. 
Grown 

21 
10 
4 
3 
8 
1 
2 
0 
0 

Less 
than 

i 

3 
2 
0 
0 
1 
1 
3 
0 
0 

Total 
Larvae 

70 
57 
25 
11 
19 
6 

14 
1 

_0 

203 

Larvae 
per 100 
Apples 

23.3 
28.6 
9.1 
7.3 

11.5 
7.2 

10.3 
1.2 
0 

85.5 

On the basis of this record (.table 31; 200 or more 

larvae should have fallen to the ground together with the apples 

from the banded Gravenstein. \2) Also on the basis of this 

record 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 

proportion of the larvae collected in the band on the tree trunk 

were parasitized than on any of the stub bands. The only stub 

band that had parasitized larvae was that closest to the tree 

trunk. 

ii. captures of Larvae in *ands Placed Above and Below 
xangle-fftfott Bands 

i-he object of this experiment was to determine the 

•-,+_.*.•?n* larvae that travelled from the ground 
proportion of overwintering larvae w-e.* 

, «/. frm the apples down the limbs to the tree 
to the tree trunk _J~d from tne appx« 

„ +« nut a 4-5 inch band of tanglefoot. 
trunk. Th« method used was to put a * o mc 
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about half-way ijp 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. 

Two trees were used in 1941, a Mcintosh in the JJ.L.B. 

Chute orchard and an unsprayed northern spy in the Biltz 

Orchard, in 1942 the experiment was repeated on the same 

Mcintosh tree. There was a considerably heavier crop on the 

Mcintosh tree in 1942 (1000-1200 apples) than there was in 1941 

The following table 32 gives a record of the results. 

In 1941 separate counts were kept of normal looking larstae and 

those parasitized by A. carpoc.„psae. 

TABLl*. 32: Kecord of codling moth larvae found on jute bands 
v placed above and below Tangle foot bands on trees 

in the JJ.L.J_. uhute cJid niltz orchard, Berwick, 
1941 and 1942. 

o.. MQl&tosheTree 
Upper Band Lower Band 
Horm Par i\iorm Par 

northern spy Tree 
Upper band Lower band 
lYorm Far -Mora Par 

•W-«i-HMa-M 

1941 
Number 
Per cent 

1942 
Number 
Per cent 

30 2 
42.6$ 

76 
27.4* 

38 5 
57.45b 

2©0 
72.6* 

116 20 
61* 

81 7 
39* 

The proportions of larvae that go into upper or lower 

bands seenuto 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 Mcintosh than from the Spy. 

Ine drop from the Mcintosh was heavier in 1942 than in 1941. it 

is quite possible that some larvae reached the lower band by 

swinging by silk ft-om the upper part of the tree. Marshall I1940) 

records this habit.-"^ 
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j£. Development of Larvae im j_arly ijrop Apples 

Att«ntion should be drawn to the "fact that the so-
**-

called ^Tune dropsy or undeveloped fruit which fell to the ground 

in early July, are sometimes the source of a large percentage of 

the larvae 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 m 194k.. xhere W o a he^vy 

early drop of undeveloped fruit in both years, particularly in 

1942. 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 as high. *or in­

stance, on September 9th, 1941, a sprayed Baldwin tree in the riiltz 

orchard at Berwick, had 720 e^rly drops under it, none of them 

measuring more than 7/8 of an inch in diameter. Of these 163 

had been completely excavated by codling moth larvae, some of which 

were still present, in addition 86 large drops were also collected 

from under this tree on the same day. Of these, z3 had deep entries 

There was an average of 2.3 deep entries per 100 a_;ples on the 

tree, which bore about a barrel of apples at picking time. It is 

evident that in this particular instance the early drops were the 

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

picked fruit, un the basis of the above record from picked fruit, 

it might have been concluded that few codling moth larvae had 

matured on this tree.' isven if the deep entries in late drops 

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

next year did not look too bad. 

in 1942 there was not nearly as large :, percent^e of 

deep entries in early drops, even 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 were still 

present. At the same time 200 large drops contained a total of 

14 deep entries. 

Larvae from these early drop apples were of normal size 

and readily formed cocoons in cocooning sticks. 

_*. Behavior of Larvae under uonditions of uonstcjrt ni^h 
humidity 

One 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 larvae v/hen 

caged under conditions of constant high humidity. The larvae 

used in the 1943 and 1944 experiments had been induced to spin 

their cocoons in rolls of corrugated _japer the previous year. 

They were kept in open jars in the insectary all winter until 

about April 1 when the rolls were divided between the wet and 

the dry pots. 

During the pupation period it was found th^t larvae 

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

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

and 1944. They also left wet cocoons in the case of a preliminary 

experiment conducted in 1942 which will be described later. 

when the covers were removed from the wet pots, both in 

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

cocoons in the felt which formed a gasket between the wooden 

cover and the rim of the pot. 
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The coiiowing is a record of results obtained in 

1943 and 1944:-

1. record 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) 0 migrated from winter cocoons 
(2) 74.4% emerged as moths 
(3) 25.6% died as larvae or pupae 

2. Kecord for 1944:-

•(a) Of 167 larvae 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 larvae in the dry pot:-
(1) 0 migrated from winter cocoons 
(2) 83.0% emerged as moths 
(3) 17.0% died as larvae or x;upae 

In 1942 a different technique v/as used whereby cocoon­

ing sticks containing overwintering larvae were kept in w-t 

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

condition all winter, spring and early summer and others only 

after various dates between April 6 to :^y 21. In all cses most 

of the larvae refused to stay in their overwintering cocoons under 

such excessively wet condition. xhe> .agreed elsewhere and 

i _a T~ ~ m_/q* for* keeoing them from leaving 
since no provision had been made for Keeping 

-î + t-thprs attempted to pupate in 
the pots many of them were lost, others ax,oe y 

«-̂ o+ A-P thpm died, -̂ s a result 
the drier parts of the moss where most of them aiea 
few'moths were obtained. 

•*-• , :,1C+ how general this migration of 
It is not known just nov, geu^<^ 



spring larvae is in the field, it has been; observed on tree 
# 

trunks on a number of occasions, when overwintering larvae have 

been found either crawling on the bark or else building new 

cocoons. These were on trees that had wet cocooning sites either 

around the base of the tree or in deep, wounds *> •...: 

VIII. IMATUKAL ENEMTRS 

In the course of studying the life history of the 

codling moth a considerable body of information has been 

accumulated regarding some of its entomophagous enemies. • ihe 

object of the following notes is to list all those which have 

been observed and where possible to indicate their relative or 

possible importance as codling moth control agents in the 

Annapolis Valley. 

A. Birds 

it has been repeatedly observed that birds some­

times destroy considerable numbers of overwintering larvae in 
V, . 

their cocoons. Their work is indicated by prominent holes made 

in the bark at points where larvae have been located in cocoons 

underneath, NO birds have ever been seen actually feeding but 

the holes are of the type made by woodpeckers, ihe amount of 

feeding done in this way v__r»ies greatly according to circum­

stance. .Proximity to woodland favors their feeding on over­

wintering codling moth larvae. This was shown quite clearly in 

the case of the iagener orchard of John auchanan at vaterville 

in 1943. The observations were made in connection with a fairly 

extensive series of bark examinations following trunk treatments 

against overwintering larvae. Trunk examinations were made in 

early June. The following is a record of the relative percent*.. 
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•Cocoons emptied by birds according to whether or not the trees 

were near or at a distance from woodland ttable 33;. 

The south end of the orchard was surrounded by wood-

land whereas 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 started on the side wholly bordered by wood­

land and ended about midway across the orchard. The treated end 

of the orchard was almost entirely surrounded by the woodland. 

The orchard was 33 trees wide including fillers. In 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 Buchanan orchard, waterville. 
dune, 1943. 

Oo coons uttiptied by Birds, number of cocoons H-xamined 
Tree untreated Treated Untreated Treated 
Number and and and Knd . 

1 
2 
3 
4 
5 
6 
7 
8 

83.5* 
73.1 
24.0 
63.0 
8.7 
0.0 
18.1 

78.7* 
73.1 
75.0 
64.0 
54.1 
47.0 
19.0 
2.1 
18.1 

97 
51 
21 
43 
23 
23 
11 

75 
41 
36 
50 
24 
32 
21 
48 
33 

itote how in each series of counts the percentcge of 

emptied cocoons becomes less the further the trees are from the 

wooded west side, it 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 

some large heavily infested trunks in a large orchard at Berwick 

located at a distance of nearly a quarter of a mile from woodland. 

Although a total of 1844 cocoons wasy 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 suitable wooded 

areas• 

It is appropriate to mention here the fact th_/t birds, 

probably pewees, started cleaning out the bait pan captures in 

the early part of several seasons before the nicotine sulphate 

was added to the bait. After the birds once discovered chis source 

of food they cleaned out most of the pans in an area pretty 

regularly, starting early in the morniiig. The evidence of their 

feeding was in the form of pieces of wings, antennae, scales, etc., 

left floating on too of the bait. After the nicotine sulphate 

was added to the bait, there was no further evidence of moths being 

taken from the pafcs. ihe pewees also disappeared from the orchards 

at this time, if fly-catchers and possibly other birds will take 

moths so readily and in such numbers from bait pans it is not un­

likely that they will also take free-living ones in the orchard. 

It should be mentioned here also that each summer 

during the period of chis study one or more nignt hawks frequented 

the Jtiilts-south Yarmouth orchards during the period of moth 

activity. They 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 saalltlark 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 llttp larva or has been in close proximity to one under a band 

ihe 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 

moving 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. 

Ca Mites 
* 

An active predator mite, Anvstis sp. will feed on eggs 

end young larvae in captivity and may be an important control agent 

in the orchard, since it becomes quite abundant under favourable 

conditions. 

D. Hemiptera 

Two predacious Miridae have been found associated with 

larvae in codling moth bands, ihe relative numbers vary from 

year to year, ihey are u^raeocoris nebulosus (Uhler) and 

Phvt__ori_ gynapureatus Knight. Both are bark inhabiting species. 

Knigfrt (1941) lists them both as predacious foras. The first 
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n^med has occasionally been observed feeding on larvae in bands. 
• • • * * • # 

Both have been found in association with flabby, freshly killed 

larvae. 

K. Coleoptera 

Tenebroides corticalis Melsh* is probably one of the 

most widespread and best known of the enemies of the codling moth. 

Slingerland 11898) says thatj ttMth 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 Annapolis Vdley 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. There is only one 

generation a year. The 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 T. corticalis is 

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

before. They congregate in codling moth bands quite readily and 

do considerable feeding there. It is difficult to say how im­

portant this predator is in the Annapolis Valley. The 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, it has been noted that 

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

relatively more abundant in neglected orchards carrying long 

standing codling moth infestations than it is in commercial 

orchards with new or fluctuating infestations. It seems to be a 
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fairly effective searcher. Apparently either its reproductive 

pptential is ley or else the environmental resistance is high. 

4iis statement is based on the fact that the numbers of larvae 

are law in proportion to the numbers of adults fround on tree 

trunks, it shows a high degree of constancy of activity from 

year to year, particularly in unsprayed orchards. 

F. Hymenoptera 

The egg parasite irichogramma evoaescens Westw. 

(minutum KileyJ is a fluctuating and unpredictable control agent. 

it 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 parasite 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 a report of their studies on Trichogramma in Connecticut 

Schread and barman (1933) point out the importance of temperature 

and humidity in relation to reproductivity. ihey 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* in that year the outbreak of first gen­

eration codling moth was cut off a month earlier in the unsprayed 

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

•rchard which was moderately well sprayed IFig 30J. A count of 

200 eggs on leaves in the South Yarmouth orchard on July 16 showed 

that 193 were parasitised. Of the other six, one was in the -red 

rina" staffs and six were only recently laid. In the D.L.B. Chute 



orchard on the same 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 unsprayed trees. 

Aacogaater carnocapsae Viereck is another well known 

and widespread parasite of the codling moth- Cox (1932) des­

cribes it and gives an account 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 period of years. Table 34 contains a record of percentage 

parasitism by A. carnocapsae based on trunk examinations and 

collections from tree bands, ihis record probably minimizes 

the proportion 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 

normal sized larvae which require more space for cocooning. 

'ihe record in Table 34 indicates that, in general, 

spraying reduces the effectiveness of this parasite. 

The development of A, carpocaosae closely parallels 

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

pronounced second generation of the host insect there was also 

a saall second generation of A. carpocapsae. The emergence 

of codling moths and adult parasites closely paralled one another 

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

paraaitiaed larvae in codling moth bands (Fig 40). 

lhare has been no evidence of hyperparaaitism ©f iu 
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'5 
TABU- 34: 

Year 

1939 

1940 

1941 

1942 

1943 

1944 

Record of amounts of A. carpocapsae parasitized 
codling moth larvae taken in a number of unsprayed 
and sprayed orchards in the Annapolis Valley. 1939-
1944. 

I jarvae 
Orchard examn * d 

Wolfe 
Waterville 
Graywood, 
Anna. Co. 
So. Y&rmouth 
Berwick 
hiltz, 
Berwick 

Wolfe 
Graywood 
Riltz 

Wolfe 
D.L.B. Chute, 
Berwick 
So. Yarmouth 
Hiltz 

Wolfe 
D.L.B. Chute 
So. Yarmouth 

v Hiltz 

Wolfe 
D.L.B. Chute 
Hiltz 
So. Yarmouth 
Coulter 

Wolfe 
D.L.B. Chute 
8o. Yarmouth 

333 

171 

358 

284 

59 
67 

1818 

160 

555 
37 
722 

54 
687 
5878 
92 

93 
191 
138 
35 
53 
79 
152 
409 

Per cent 
Parasitized 

33 

42.7 

5.0 

0.3 

54.0 
74.6 
7.6 

58.8 

20.9 
24.3 
13.8 

68.5 
29.8 
44.1 
8.7 

34.4 
23.0 
9.0 
3.0 
35.0 
24.0 
27.0 
50.3 

Treatment 

Unsprayed 

Unsprayed 

Sprayed 

oprayed 

Unsprayed 
Unsprayed 
Sprayed 

Unsprayed 

Sprayed 
Sprayed 
Sprayed 

unsprayed 
Sprayed 
_. __1 Sprsyed 

. __ ___i Sprayed 

Hhsprayed 
Sprayed 
Sprayed 
Sprayed 
sprayed 
Unsprciyed 
Sprayed 
Sprayed 

^ «.*„* thP oourse of these studies, despite the 
carpocapsae during the course ui i**-* 
fact that hundreds of parasitized larvae have been kept under 

observation after being collected both in *• spring _* 

autumn months. 
In addition to the two hymenopterous parasites 

Mr.ady ..entioned* nu^er of hy.enopter.us pup* parasites .ere 

http://hy.enopter.us
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obtained t-com about 2.000 codling moth larvae and pupae collected 

from tree trunks during the spring of 1942 at Berwick, similar 

"Collections of larvae and pupae were gathered and caged in 1943, 

snd 1944 but no parasites were obtained, No parasites except 

A. carpocapsae have ever been obtained from codling moth larvae 

which had been collected in the autumn. 

The following is, a list of the pupal parasites 

obtained in 1942. The identifications are by G.S. walley. 

flame of Parasite mergence Dates No. taken 

gimpla inflata Prov. July 2,3, iuig 4 4 
gilBBla- MWaliS Prov July 21 1 
Pimnla SE-. (probably 
aegualisJ June 13, 19 2 (both males; 
Dibrachvsigavns CWalk) Aug 10 6 (from one pupa 
Phaeogenes sp. (ProbablyJ 1 adult male dissected from pupa. 

IXTOPOGRAPHIC AND EDAPHIC CONSIDERATIONS 

From time to time statements have appeared in 

publications concerning cultural practices, soil management, etc., 

to the effect that soil conditions exert an influence on plant 

resistence to insect attack, TWO recent books that have had a 

wide circulation contain examples of this viewpoint (Faulkner 

1943, Howard 1944J. quite recently wittwer and naseman U946J 

have published experimental results which show that injury by the 

thrip (Heliothrips hAsmorrhoidalis) to spinach can be controlled 

in the green house by controlling the nitrogen and calcium levels 

in the soil. •These authors then go on to suggest that, "the 

explanation as to why some crop pests, such as codling moth, become 

more serious as fruit trees are grown continuously on the same 

soil without a complete renewal of the nutrients removed may be 

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

occurrence of the heavily infested orchards in the Annapolis Valle, 
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may justify some investigations based on the general viewpoint 

expressed above* 

some 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, ihe orchards 

'concerned, namely the uoulter and south Yarmouth blocks, are 

located in the southwest side of Berwick on a low ridge v/hich 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 uornwallis sandy loam, while the 

lower slopes including most of the southern slop is classified 

as Berwick "sandy loam ^H^rlow cOid Whiteside 1J43;. The paved 

highway runs along the crest of this ridge, it £o happens that 

the apples grown on those sections which are located 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 uoulter block. They 

were taken on rows running north and south starting with tree $1 

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

The south end of the south Yarmouth block lies across 

the road from the coulter 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 level with the road. *rom there the 

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

on/nibstons, Baldwins and Gravensteins were taken on rows running 

south to north (Table 36J. Only the Gravensteins run the full 

length of the orchard. 
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TABLE 35: Numbers of .codling moth entries per 100 apples for 
two rows of trees, taken from north to south in the 
ĵ ultfer Block, Berwick, uounts on apple trees, 
September 23, 1943. 

NO Of 
tree 
in row 

#i 
.10 
20 
30 
40 
50 
60 
70 

York 

stings 

207 
173 
63 
60 
25 
22 
4 
12 

imperial 
.Deep 
entries 

16 
14 
12 
8 
4 
6 
0 
0 

now 
clean 
Apples 

8 
11 
55 
53 
76 
80 
96 
91 

.Northern 

stipes 

348 
484 
145 
57 
67 
28 
41 
9 

Deep 
Spy 

j_n tries 

70 
110 
42 
12 
6 
6 
9 
2 

-tow 
Clean 
Apples 

2 
2 
20 
5_. 
50 
79 
65 
90 

TABLHi 36: Numbers of codling entries per 100 apples for two 
rows of apples taken from south to north in the South 
Yarmouth Block, Berwick, uoants on picked apples 
from records of N.A. Patterson 194o. 

HO Of 
tree 
in row 

ff 1 
2 
5 
7 
8 
10 
13 
16 
19 
20 
22 
24 
25 
28 
30 
32 

nibston 

stings 

185 
186 
183 
187 
155 
179 
173 

«$-*v 

\ 

Deep 
jmtries 

14 
15 
19 
31 
15 
16 
15 

baldwin Gravenstein 
Deep Beep 

icrs entries stings entries 

266 
175 
166 
162 
91 
73 
60 
35 
53 
31 

13 
2 
8 
9 
2 
2 
1 
2 
1 
0 

119 12 
134 6 

113 7 

120 3 
65 5 
75 5 
57 4 
49 2 
36 1 
40 1 
18 4 
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The recetd presented above is admittedly too meagre to 

allow the drawiifg of conclusions regarding the causal relations 

involved, it does,however,support the view that there should be 

some investigations regarding the effect of topographic and 

edaphic conditions on natural control of the codling moth. 

such an investigation might possibly hel^ clear up 

some puzzling questions regarding the irregular distribution of 

heavily infested orchards in the Annapolis valley. mny, for 

instance, is the codling moth outbreak in the Gaspereaux vallay 

largely restricted to two adjoining blocks of trees belonging 

to two different growersv Why is there not a heavier codling 

moth infestation in the JT.M. î ash orchard at dockland, it has 

never seemed to the writer that the spray program used in the 

Nash orchard was sufficient to keep the codling moth injuries 

as light as they have been since 1938 considering the numbers 

of moths taken in bait pans iTable 20;. 

Another puzzling type of natural control which may 

have an edaphic basis has been observed several times, notably 

so in 1942 in the case of the south Mountain orchard of the 

former Sam Chute properties near Berwick. There was a com­

paratively light infestation of codling moth in this orchard 

which was not sprayed that year, because it was unsprayed most 

of the entries were deep entries. An examination of infested 

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

ling moth larvae were dead in their tunnels, -hey had apparently 

drowned since the tunnels were largely filled with a somewhat 

sticky fluid. Because it may have a bearing on the case it should 

be mentioned that this orchard was not suffering fro. drought at 
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the time the observations were made, whereas the heavily in-

fested orchards at Berwick were suffering quite seriously from 

dro&ght. 

X. SDMMARY AND CONCLUSIONS 

The 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 - 1901, ur. Fletcher and others repeatedly 

mention the grower's concern and serious loss resulting from the 

work of this insect, rrom shortly 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 

Annapolis valley. 

From 1918 until about 1924 increasing use was made of 

both sulphur and copper - lime dusts containing either le-_d or 

calcium arsenate. From about 1925 to 1930 there are repeated 

references to the apparent increase of codling moth damage in 

certain locations, it was about this time that sulphur sprays 

came into general use with calcium and lead arsenates being used 

as the general insecticides. 

between about 1930 and 1939 the insecu 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 brought about in some of the worst 

infested orchards as the result of the thorough and timely use 

of the recommended codling moth spray programs. 

The present areas of persistant and serious codling 
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mSth infestations are located in the Berwick - waterville area, 

in a few orchards east of Gaspereau village, and in a few 

orchards in the South Falmouth area. There are a few minor out­

breaks in the Kentville - 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. In 

that year serious loss from second generation entries occurred in 

a few commercial orchards in which there were large populations 

of first generation larvae which had been either poorly or not 

at all controlled by spraying. 

Ordinarily then, an apple grower in this area need 

only 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 variety Mcintosh. About 

90 per cent will have completed pupation within 10 days after 

calyx closure. 

The first moths emerge shortly after full bloom is 

reached. Approximately 50 per cent will have emerged a month . 

later, in general, emergence of first generation moths is 

pretty well completed between July 20 and 30. 

The first entries in fruit appear shortly after calyx 

closure, i.e. about the time the spreading Dogbane, Apocynum 

anf|rnâ m-if»ni-inm. starts to bloom, x'hey generally accumulate 

ajiite rapidly after the first are found, with the peak occurr­

ing about three weeks later, ihe occurrence of new entries is 
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about over by the end of the first ten days or two weeks in 

August, except fo» an exceptionally late season such as 1943 or 

when there is a substantial second generation. 

'J2he 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 

Eoyal 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 compeared with Annapolis <&oyal 

in 1941 is correlated with the considerably greater number of 

hour-degrees of higher temperatures prevailing at Berwick during 

the critical period of pupation and moth emergence. 

if 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. 

Khile the length of the larval feeding period is in­

fluenced by temperature it is evident that it is also greatly 

influenced 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 

hwe a differential effect on the flight activity of the sexes. 

ihe nearer evening temperatures drop toward 60°F the lower the 

percentage of females taken. Bainfall during the evening also 
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tends to decrease the proportion of females taken in bait pans. 

Apparently climatic conditions are not responsible 

for,, the great variation in prevalence of the codling moth in one 

part of the Annapolis Valley as compared with another. 

It is probably true, as stated by shelford 11927j, 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 
0 

tor the period 1933 - 1945. HiXperimentdl evidence is offered 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 various orchards has given 

valuable data regarding the activity and behavior of the codling 

moth, resides indicating the period and intensity of moth activity 

and their relative abundance 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 they originate. (3; The larger number of moths c ptured 

near the top of a tree is apparently due to this being a more 

favourable location in itself rather than because such a location 

is near the leafy periphery of the tree. ^4; increasing -he 
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number of pans par tree considerably increases the number of 

moths taken per tree. Aa the numbers of pans per tree is in-

creaeed the average number of moths per pan is decreased. (5) 

the presence or absence of bait pans in trees results in no 

significant difference in the percentage injury to fruit as 

between trees. If there is a reduction in the amount 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. 

Seme records are given which have a bearing upon larval 

behavior in relation to control practices: (1) Evidence is 

cited corroborating the statements of others to the effect that 

the chief value of the calyx spray lies in the fact that poison 

is deposited on the inside and outside of the sepals rather 

than in the calyx cup. *ince the first entries into fruit are 

not made until shortly after calyx closure it is probable that 

larvae are poisoned by coming into contact with it in the process 

of going through the sepals after the calyces are closed. (2) 

It is doubtful whether spraying in commercial orchards in Nova 

Scotia has, as yet, resulted in any substantial decrease in the 

innate tendency of codling moth larvae to enter apples by way of 

the calyx. (3) A comparison of the amounts of codling moth in­

juries on apples from the top and bottom portions of apple trees 

•nphasizes the importance of taking particular care that the tops 

of bearing trees are thoroughly covered with spray. (4) In 

evaluating the results of control measures some attention must 

bt given to the proportion of early drop apples in which larvae 

art likely to have completed development. 

among the natural control agents, birds, particularly 
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woadpeckers, are quite effective where infested trees are located 

close to woodland/ 

2he predator beetle Tenebroidea 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. 

ihe egg parasite 'rrtchop^mmm evanescens Eiley can be 

an Important parasite but the degree of its effectiveness is 

quite unpredictable. Itfs effectiveness is greatly reduced by 

certain spray practices. 

ihe larval parasite Aacogaater carpocapsae viereck is 

an important parasite of the codling moth in the Annapolis Valley, 

since it is a fairly dependable one unless it is itself reduced 

in numbers through the use of detrimental sprays. One of its 

Shortcomings is the fact that parasitized larvae are not destroyed 

until 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. They in­

clude Pimnla inflata Prov., Pimpla aeoualis Prov., i*ibrachvs 

fiHQlft (Walk), and a Phaeogenes sp. 

Two Mirld predators, uaraeocoris nebulosus Uhler and 

Phvtftgoy-lff conapurcatus Anight, 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. It is doubt­

ful if they are responsible for much control of the codling moth. 

spiders may be quite important predators of codling moth 
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larvae, both when the larvae are newly hatched and when they 

are seeking cocooning quarters. 

ihe mite Anystis sp.? under favourable conditions, 

may be cOi important predator 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. 

&vidence is cited to show that edaphic and possibly 

topographic conditions should not be ignored in investigating 

the factors responsible for codling moth abund_jice. 
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practices. Consideration is given to evidence of possible 

eorralations between topographic and edaphic conditions and 

. codliqg sath prevalence. Predators and parasites are listed 

together with seme records of their habits and relative effec 

tivenesa aa control agents. 
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GRAPHS OF DAILY MEAN TEMPERATURES AT ANNAPOLIS ROYA_ 
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