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F I GURES 

Emergence of D. monticolae. Steamboat 11tn., B.C. 1955 and 1956. 

Emergence of D. montico1ae. Francis Creek area, B.C. 1956. 

Flight periods of �. monticolae. Francis Creek area, B.C. 1956. 

Emergence of D. montico1ae, 1956. I nvermere, B.e: Log A4. (Log 
contains 1st and 2nd caged broods established in 1955). 

Emergence of D .  montico1ae 1956. Log B4. I nvermere, B.C. (Log 
contains 2nd broods estabIished in 1955. 

Emergence of broods established in early July, 1956. (Total 
emergence from 7 exposed logs containing 450' broods). 

Eggs laid each successive inch of completed gallery. 7 inch, 12 inch, 
18 inch galleries illustrated. 

Eggs laid each successive inch of gallery. (This gallery was 21 
inches in length when it was exposed and was still being extended). 

Eggs laid each successive inch of gallery. (This gallery was 29 
inches in length when it was exposed and was still being extended). 

Illustrating diagramatica11y the internal changes which occur in 
a female beetle from the time it commences construction of a 7 
inch egg gallery to the time it is ready to abandon the gallery. 

I llustrating effect of predators and parasites on broods of mountain 
pine beetle - 1956. (average of 12 completed galleries each 7 inches 
in length and 2 - 3 weeks old). 

Comparing maximum and minimum temperatures (FO) for 1955 and 1956. 
April, May, August, September. I nvermere, B. C. 

Histogram illustrating survival of larvae and adults above snow 
line and below snow line during the winter of 1955-56. I nvermere, 
B.C. 

Illustrating life cycle of female adult bark beetles and development 
of progeny. 1955 and 1956. 

Showing egg laying history of a single female commencing July 15, 
1955 and continuing to July 15, 1956. No egg laying occurs during the 
winter. The period when these broods emerge as' adults is indicated 
also. 
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Illustrating emergence and abundance when the reproductive life 
span of the female is limited to the period from July to Sept­
ember, and one environmental pressure is allowed to operate: 
cool weather in spring and fall. The rectangle represents 
emergence when no environmental pressures operate . 

Illustrating emergence and abundance when reproductive life span 
is reduced and the following environmental pressures are allowed 
to operate: 

1) cool w[:ather 
2) crowdinG 

Fig. 18 Illustrating emergence and abundance when reproductive life span 
is reduced and the following environmental pressures are allowed 
to operate: 

Fig.  19 

1) cool weather 
2) crowding J) predators and para.sites 

Illustrating emergence and abundance when the reproductive life 
span is reduced and the following environmental pressures are 
allowed to operate. 

1) cool weather 
2) crowding 
J) predators and paraSites 
4) low winter temperatures 

(Note:. This figure als o represents actual life cycle as it occurred in the 
experimental area - 1956.) 
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1. INTRODUCTION 

Studies on the biology of the mountain pine beatle in 1956 were 

a continuation of those initiated in 1955. The objectives of tlle study 

remain as originally drawn up. The initial objective is to determine as 

many of the factors as posssible which influence survival anq to assess 

the effectiveness of these factors both working singly and in combination 

with each other. The final objective, which is a long term one, is a more 

complete understanding of the conditions which lead to population increase 

and decrease. 

During the 1956 season, two study areas were established. One of 

the areas was on the eastern slope of Steamboat t10untain approximately 19 miles 

north of Invermere, B.C. The other was in the Francis Creek region, 12 miles 

north west of this village. The two regions were approximately 10 miles apart 

and separated by the 1500 foot Steamboat Mountain massive. Both regions have 

had a history of bark beetle activity. The activity of the population in the 

Steamboat region has decreased considerably in the last few years. The pop­

ulation in the Francis Creek region has also declined from earlier years but 

is still quite active. It is probable that the populations in both areas 

have been reduced in recent years due to lack of host trees of sufficient size 

and in sufficient numbers. The populations in both areas were found to be 

comparable in respect to periods of emergence and attack, sex ratio, predators 

and parasites. 

logs. 

2. EHERGENCE ANTI ATTACK - 1956: SPRING, SUMl'fER, FALL 

Emergence and attack data was obtained from caged and exposed 
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Butt logs from 1955 infested trees were placed in cages on May 24. 

These logs were obtained from the Steamboat and Francis Creek area. Five 

logs from each area were used. Emergence from these logs is shown in Figs. 

1 and 2. Emergence was almost simultaneous from logs in both areas. The 

emergence of adults in 1955 is also shown in Fig. 1. There is approximately 

3 weeks difference between peak dates of emergence. 

The period of attack closely parallels the time of emergence. Data 

on attack were obtained from the exposed logs which were set up at the Steam­

boat Mtn. site and the Francis Creek site. Twelve exposed logs, ranging in 

diameter from 5 to 12 inche� and 5 feet in height were set up in each area 

on June 15. They were secured in a vertical position and placed in 2 rows. 

Prior to setting up these logs, periodic inspection was made of a number of 

trap trees felled in the area. Strikes were marked and recorded as they 

appeared on the exposed logs. No strikes were observed on the trap trees 

prior to when they were first observed on the exposed logs . The exposed logs 

were not put up earlier than mid June because of the very early flight of 

Ips oregoni (Eichh. ). This species flies much earlier in the experimental 

region t han does E. monticolae. Hence logs set up too early become saturated 

with Ips. 

The attack period in the Francis Creek area is illustrated in Fig. 3. 

Evidence of the first brood flight was recorded from July 5 to July 18. The 

much reduced second f light, by these same adults, o ccurred from July 24 to 

August 2. The flights described so far have been those occurring in the wild 

population. 

In 1955 a number of logs were placed in cages and were allowed to 
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become infested by youn0 adults. Many of these 10L�s were infested in 1955 at 

the time the wild population �-Jas makLYJ.g its first flifht. Host of these logs 

were debarked durinC the 1955 season, but some ovenlintered and the progeny 

l-Jere al101-Jed to emerge (Fig. 4). This emergence tool, ?lace mainly in Hay, 1956. 

In Fig. 4 there is also illustrated energence in July. This latter emergence 

occurred because in 1955, many of tre parent beetles, after paving established 

one brood in July and early "-,Ufust, emersed in late ;tUf;ust and established a 

second brood in the same log. 

1-.. number of caged logs were known to contain only second broods, estab-

lished in late August, 1955. The emergence from one of these logs in 1956, is 

ShOl-Jn in Fig. 5. Note that this emergence coincides with the emergence in the 

wild population, and also that in the Hild population, the flight as seen in 

caged logs in 11ay, 1956 (Fif. 4) does not occur. 

The emergence of young adults in 1956, from broods established earlier 

that same year is shown in Fig. 6. These young adults are survivors of the fir st 

broods established in early July (Fig. 2), b� the wild populations. 

SummaI'lJ of emergence de.ta is as follmis: 

1. The main emergence period in the wild population occurred from 

2 to 3 weeks earlier in 1956, than in 1955 • 

2. The second ni[ht by these same adults is not nearly so apparent 

as the first fliGht. 

3. In caged lo(:s, firs t broods es tablished in 1955 emerged in May of 

1956. This fliE;ht did not occur in the wild population. 

4. In caged lo�s, second broods established in 1955 emerged in early 

July 19$6. This flight coincided with the main flight in the wild population. 

There is evidence therefore tllat the main flight in the wild population is 
-, 

composed of survivors of the second broods established the previous year. 
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5. Some survivors of first b roods established in early July 1956, 

by the wild population, matured and emerged in September of 1956. 

3. OBSEHV_SIONS ON 1't';.TING :.ND OVIPOSITION 

Several attempts Fere made to observe behaviour of the beetles with .. 

in their galleries. The apparatus used in these investigations was constructed 

as follows: Sheets of fresh, inner bark, measuring 4 ins. by 10 ins. by 1/8 

ins., were placed bctvleen two sheets of glass of sli[htly larger dimension. 

The bark was sealed in 1,dth Hax so that the entire apparatus was air tight. 

1.n artificial F�allery was mClc1e by forcing a nail of 1/8 ins. diameter , 

through the wax and for a short cistance into the bottom of the sheet of 

bark. I .. young mG.ture female was allowed to enter this gallery, which she 

generally die: quite willingly providing the apparatus yJaS held in a vert-

ical position. Upon entering, she always moved to the upper end of the 

artificial gallery and in a short time com:l1enced to extend it upwards. : .. fter 

the female commenced tunnellin&:, the male vJaS allowed to enter the gallery. 

In most cases he made his Hay up the gallery until his progress was barred 

by the female. The male rommonly commenced to stridulate when he contracted 

the female • 

Several of these cases were set u:), some being more successful than 

others. It is important that the bark be of the proper thickness, and smooth, 

especially on the moist surface. If the bark is properly sealed in, it would 

remain fresh and palatable to the beetJe s for periods up to three weeks. 

Hatinc was observed only once and egg layinz only once. An almos t 

continuous watch has to b e  maintained if these two activities a re to b e  

o bserved. Unfortunately neither the time nor labour was available to record 

their activity throughout the day. The mating and egg laying were observed 
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during a continuous four hour watch. Mating took place It hours following 

release of the male into the gallery. 

Another female, laid three eggs after C'. continuous tunnelling period 

of 3 hours. She laid one egg, and 15 minutes later laid 2 more. The ovi­

position was very rapid. Eggs seem to b� ejected rather than carefully laid. 

The eggs were d eposited in egg nitches which the fe:male had previously con­

structed. The upper Old of the gallery was approximately 1/4 inch ahead of 

the last egg nitch. The female undLr observation did not deliberately pack 

frass and boring dust around the nCi"Jly laid eg[!s. HowE:ver, in her movements 

up and down the gallery, loose boring dust within the gallery lodged in the 

egg nitch. Her passing back and forth s oon pack8d this dust into the egg 

nitch and thus formed what is termed the egg nitch plug. 

While the female invariably maintains her position ahead of the 

male, she assists in moving the boring dust down the gallery. Sht;; does this by 

using her body as a plow, and backing down forcing the loose boring dust down 

the gallery. She continues down the gallery, in this manner until she bumps 

into some obstruction, commonly, but not always, t he male. The male in the 

meantime is performing a similar operation, pushing the loose boring dust 

farther down. Boring dust is only ejected from the entry hole during the 

first few inches of gallery construction. The female continues to the upper 

end and commences tunnelling once more. 

It is uncommon to find the male and female together at the upper 

end of the gallery after a period of 2 or 3 weeks following gallery establish­

ment. After this period, there is generally a considerable length of packed 

boring dust between the male and female. In most casea the male has left 
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the gallery. In the obs ervation appara tus , only a few �a1�were a ble to 

keep the tunnel free of boring dus t between themselves and the females . As 

was mentioned earlier, when the female feels an obstruction, even a larger 

than usual mass of boring dus t, s he s tops her ba ckward a nd downward m ovement, 

and moves up again. A plug of boring dus t s oon forms, which is packed more 

s olidly every time the female backs into it. It is unlikely that the male 

will succeed in coming in contact with tha t  female a�ain. Under natural 

conditions the male commonly leaves the gallery. Under the artificial c on­

ditions des cribed here, the males began cons tructing s ide galleries a s  they 

were una ble to es cape through t he glass . 

It is not known whether the female makes a definite effort to 

seal off the male , but while laying e ggs the female does a ppear to be ant­

agonistic towards the male. 

Egg laying was observed to occur Hi thin two days following the 

release of the female and male in the gallery. 

In s ummary therefore, results of this inves tigation were as follows :. 

1. Sexually ma ture young adults readily enter artificial galleries. 

2. Mating can occur wi thin It hours after the male e nters the 

gallery. 

3 .  Eggs are ejec ted rapidly in oviposition. Three eggs were laid 

within 15 minutes of each o ther after a 3 hour interval in which 

the female extended the gallery but did not lay any eggs . 

4. Egg nitch plugs are formed by movement of tile female up and down 

in the gallery. In so doing she forces loose bits of boring 

dus t  into the egg nitches. The eggs are thereby firmly packed in. 
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5. While the female is laying eggs she appears to be antagonistic 

towards the male. 

6. The male commonly becomes sealed off from the female by packed 

boring dust in the gallery. 

4. CHARACTERISTICS OF THE EGG GALLERY 

The technioue used to study this problem involved galleries 

established in 1956 in both caged and exposed logs. These galleries were debarkec 

at intervals throughout the season, in the following manner: 

1 .  The outer bark was carefully removed, thereby exposing the full 

length of the gallery but leaving the inner bark undisturbed. 

2. The entire fallcry, starting at the entry hole, was marked 

off into one inch segments. 

3. The hatched and unhatched eggs were recorded for every inch 

of gallery. 

4. The position of the female and male was recorded. 

5 .  The survival of larvae and causes of mortality were recorded. 

This was possible only for periods up to 3 weeks following 

establishment of the gallery. After this time the deteriorated 

conditions of the original egg gallery made it impossible to 

identify specific causes of mortality. 

Results discussed in this section a nd the following two sections 

were obtained i n  large part from these debarking operations. Appendix I, II and 

III contain summaries of thE: results. Appendix I and II contain records from 

galleries in which either no females were found, or the female had ceased 
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laying eggs. These galleries are considered to be complete. Appendix III 

contains records from galleries in which the female only, or the male and 

female were present in the gallery and the female was s till laying eggs and 

extending her gallery at the time of debarking. These galleries are considered 

to be incomplete. All adults were dissected later. 

A common pattern in egg laying is evident, regardless of the length 

of the gallery. Three completed gallery lengths are illustrated graphically 

in Fig. 7. In this figure, egfs laid in each successive inch of the gallery 

have been averaged and the averages plotted. In Fig. 7 are averages of 12 

completed galleries each 7 inches long, 4 completed galleries each 12 inches 

long, and 3 completed galleries, each 18 inches long. 

Few eggs, if any, are laid in the first inch of gallery, but the 

number of eggs per inch increases rapidly thereafter. A maximum number of 

eggs per inch occurs in the 4th inch for completed galleries of 7 inches 

total length. The number of eggs per inch thereafter decreases sharply to the 

6 inch mark. No eggs were laid in the 7th or last inch of gallery. A similar 

pattern occurs in galleries 12 inches in length. Galleries longer than 12 

inches show considerable fluctuation over their total length but in the first 

few inches and the last few inches the pattern is similar to that in the 

shorter galleries. These three lengths are illustrated graphically to show 

this pattern. All lengths show a similar pattern as can be seen in the record 

of individual galleries summarized in Appendices I, II, III. 

It appears therefore that short egg galleries, even as short as 5 

inches, cannot be considered abandoned in the sense of a sudden exit by the 

female. The egg laying pattern is of course only a reflection of the activity 
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of the female. Cessation of egg laying appears to be predetermined. In the 

7 inch completed �'alleries illustrated in Fig. 7, the slowing down of egg 

laying commences at the 4 inch mark even though the total gallery length 

is ultimately 7 inches. All completed galleries show a similar pattern. 

Incompleted galleries are summarized in Appendix III. These 

galleries are considered incomp� te because they contained females which were 

laying eggs up to the time tle gallery was exposed. It is noted that all these 

incompleted galleries are much longer than completed galleries. This is 

because the adults have remained working in these galleries for a much longer 

period, extending the gallery and laying eggs. Two incomplete galleries, 

one 21 inches long, a nd one 29 inches long, have been graphed out in Figo 8 

and Fig. 9 to illustrate the extreme fluctuations which occur in these long 

galleries. The 18 inch galleries in Fig. 7 illustrate this effect to some 

degree but in the process of averaging 3 of these galleries, some smoothing 

occurred. 

5. INTERNAL CHANGES IN THE ADULT FE!:ALE ASSOCIATED WITH FLIGHT AND EGG 
GALLERY CONSTRUCTION 

The egg laying pattern in galleries of various lengths, was described 

in the previous section. It is intended in this section to discuss the gross 

internal changes which take place within the female and relate these changes 

to the egg laying pattern. 

Chapman (1955) has illustrated in some detail the changes which 

occur in the wing muscles, fat bodies and reproductive organs of the ambrosia 

beetle Trypodendron lineatum (Oliv.) during flying and non-flying periodsc 

His observations on the ambrosia beetle to a very large extent can be used to 
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describe s imilar changes in the mountain p ine beetle. 

A large number of diss e c tions were made of female mountain p ine beetles 

during the past seas on. These dis se ctions are des cribed in l\ppendices IV to 

XI. Lis ted below are des criptions and summaries of the data in these 

appendice s . 

Appendix IV - Summarizes dissections made of young adult� which were captured 

on the walls of cages, shortly after they had emerged from logs. The y are 

progeny of broods es tablished in the late summer of 1955. 

The gross internal condition of ins e cts at this pe riod of their life 

cycle was as foll ows: 

1. The wing mus cles were mass ive and capable of suppor ting �je 

female in flight. 

2. The fat bodies were abundant. 

3. The reproductive organs were reduced .  They s howe d  no history 

of Ggg laying . 

Appendix V - Summarizes d is s ections of females known to be laying viable 

e ggs at time of debarking . These females had been in the ir galleries for 

periods of 7 to 16 days . 

The gross internal condit ion of females at this s tage of their life 

cycle was as follows: 

1. The wing mus cles had degenerated to the extent where they were 

barely visibl e .  

2. The fat bodies were commo n  i n  females which had been in egg 

galleries for up to a week but considerably less than those 
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described in Appendix 4. Fat bodies were scarce in females 

after 2 weeks of gallery construction. 

3. The reproductive organs were fully extended, ovarioles functioning 

normally, each of which contained immature oocyteso 

Appendix VI - Summarizes dissections of females taken from completed galleries. 

These females had ceased egg laying. They would very shortly have left the 

gallery to establish their second brood. Viable eggs had been laid. 

The internal conditions here resembled very much the condition of 

the young flying adults immediately following their emergence from their brood 

log. 

l� The wing muscles were massive and appeared capable of sustaining 

the female in flight, which they would have required to do very 

shortly had not the gallery been exposed vlhen it was. 

2. The fat bodies were abundant. 

The reproductive organs were reduced, in particular the 4 ovarioles 

which no longer contained oocytes of any size. Reproductive organs showed 

signs of egg production. In particular corpora lutea were conspicuous • 

Appendix VII - This appendix summarizes dissections of young females which, 

following their emergence from their brood logs in July, 1956, were placed in 

jelly jars and fed on old bark for intervals ranging from 2 to 10 days. 

There were no significant internal difference observed in females 

kept for 2, 4, 6, 8, 10 days after emergence. The wing muscles were massive, 

fat bodies were generally common. to abundant, and reproductive organs were 

reduced" 
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Appendix VIII - Females with the same history as those described in Appendix 

VI I except that they were fed on fresh inner bark. 

During the 10 days, some females showed internal changes but in 

general, their condition was similar to those described in AppendiX VII. 

It should be noted here, that females described � Appendices VII 

and VIII had not been allowed to mate. They were not able to tun"'el into the 

bark supplied as food as this bark was in very small pieces. They were sub­

jected to natural light conditions. 

Appendix IX - Summarizes dissections of young unmated females which entered 

fresh slabs of bark via artificially constructed tunnels. They were allowed 

to remain in these galleries for 7 days. The results are different from 

those reported in the two preceding appendices. 

1. The wing muscles ranged from massive to mainly degenerated. 

2. The fat bodies were abundant in all adults. 

3. The reproductive organs ranged from reduced and non-functional 

to enlarged and containing mature oocytes. 

It is possible that absence of light and certain tactile stimuli 

aE'sociated with tunnelling may be important in hastening the changes which are 

associated with egg production. 

Appendix X - Summarizes dissections of unmated females which were removed 

after they had been in galleries for 55 days. The experimental design con­

cerning these females was such that it is known they were unmated. The 

behaviour of these beetles will be discussed in more detail in the next 

section. 
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1. The wing muscles in all these females had degenerated. 

2.  The fat bodies were mainly abundant. 

3. The reproductive organs varied from reduced and non-functioning 

to enlarged and mature. Only one female had laid any eggs, and 

these were not viable. Most had mature enlarged reproductive 

organs but had not laid any eggs. 

In several of these females, yellowish 'yolk-like' masses were 

formed at the bottom end of the ovarioles. These may have been degenerated 

mature oocytes. 

Appendix XI - Summarizes dissections of mated females which were made after 

cold weather had commenced. All these females had been mated and had established 

broods. They were taken from their galleries in early October. Egg laying 

had ceased due to cold weather. 

1. The wing muscles remained in the degenerative condition. 

2. The fat bodies ranged from common to abundant. 

3. The reproductive organs were reduced in size and non-functioning. 

It is evident that these overwintering females had not ceased egg 

laying in anticipation of another flight because wing muscles remained in a 

condition which would not support flight. The increased volume of fat bodies, 

as compared to the volume observed in the female at the height of their egg 

laying period, may be tied in some way to cold weather acclimatization. 

The association between internal changes within the female and her 

behaviour within the gallery can now be postulated. This association is 

visualized diagramatica11y in Fig. 10 using for an example, a 7 inch completed 
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egg galleryo Young females, upon emerging from their brood logs in July, 

have w�ssive flying muscles, very conspicuous fat bodies, and reproductive 

organs complete but reduced in size and non functioningo These conditions 

remain for periods up to at least 10 days providing the female does not mate or 

establish a gallery. In most cases galleries are established within the same 

day of eme�gence. \s illustrated in Fig, 7, few if any eggs are laid in the 

first inch of gallery. Once the rallery is established many significant changes 

take place within the female beetle� After mating has occurred (generally 

during the excavation of the first inch of the gallery ), the wing muscles 

undergo a rapid degeneration and the reproductive organs, especially the 

ovarioles, begin a rapid development� 

are laid in the 2nd inch of gallery. 

Egg production commences and a few eggs 

Fat bodies become less abundant also, 

while the ovarioles produce eggs at an i�creasing rate� Wing muscles have been 

roduced to an insi�ificant size by the time the gallery is 3 inches long� 

Egg laying reaches a peak in the 7 inch completed galleries at the 4 inch mark 

(See Fig. 7)� Egg production declines rapidly while the fat bodies begin 

once more to accumulate inside the femaleo Likewise wing muscles commence to 

build up_ By the 6 inch mark egg production has ceased, reproductive organs 

and especially ovarioles have been greatly reduced in size, wing muscles are 

massive and capable of sustaining the female in flight, and the body is packed 

with fat bodies� At the 7 inch mark the gallery is complete, and the female 

bores her way out from the gallery and corr�ences another flighte If very 

fortunate, she is able to successfully establish another gallery, mate, and 

continue egg laying until stopped by cool fall weathero Her internal conditions 

at this stage were described earlier in the discussion of Appendix XI� 
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6. NOTES ON THE R�LAT10NSHIP BET,\TP,1<;N THE SEX RJ.T10 OF THE POPULr"TION AND EGG 
Gl'I.LLERY BEW" VIOUR OF THE FBMf.LE 

During the course of debarking logs to examine egg galleries in the 

latter part of the 1955 season, the very long galleries frequently were observed 

to contain both the male and female beetle. They were galleries which had been 

established during tte main beetle flight. 

TABLE I - Averages of Gallery Lengths - 1955-1956 (Fran' Appendix XXII) 

" 

Type of Gallery Nos. of Galleries Mean Length Standard Deviation 
(ins. ) 

No adults when 
gallery exposed 124 9.9 5.6 

Only female in 
gallery when exposed 117 12.2 6.8 

Male and female in 
gallery when exposed 56 18.2 6.4 

Table I contains a summary of gallery lengths recorded in 1955 and 

1956. Three classes of gallery are compared in this table; i.e. galleries in 

which no males or females were found, galleries in which only females w ere found, 

and galleries in which both male and female were found. Galleries in which 

the males remained with the females were significantly longer than galleries 

containing only females. Galleries ,without adults were known to have 

been completed early in the season. The majority of galleries containing only 

,females would have been com.p1e ted in a short time if debarking had been 

i 
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delayed. The fre�uency distribution of gallery lengths are tabulated in 

Appendix XXI Ie 

In other ,'lords, four phases are associated with every completed 

gallery; 1) Female iniates gallery; 2) she is joined by the male; 3) the 

male leaves; h) the female leaves. These four phases can be interpreted 

from Table II which summarizes the percentage of adults found in the galleries 

wi thin short periods following the attack. 1'.11 the galleries in these exposed 

logs contained broods, indicating that the females had been mated. l'i thin 

slightly over two weeks, 21% of the females had completed short galleries and 

then left, 42% of the females were alone in their galleries, and only 37% of 

the females were still accompanied by the males. By 3 weeks, 72% of the galleries 

were completed and by h weeks 90% were completed. No quantitative data is 

available to indicate at what precise time the majority of males leave their 

first gallery. Observations on caged logs suggest that it is within 2 or 3 

days" It is important that males do leave their first galleries early because 

in the experimental area the sex ratio is around 0.h3. Therefore, the males 

probably mate with at least 2 females each in separate galleries. 

TABLE I I  - Showing Percentage of Galleries containing adults - Galleries 
established July 8 - 11, 1956. Logs debarked at indicated dates • 

Log Noso of Date of % galleries with % galleries with % galleries wit 
Galleries Debarking males and females only females no adults 

1 43 July 25 37 42 21 
to 

Aug" 2 
" 

2 36 July 27 6 22 72 
to ,-

Ilug" 7 

3 62 Aug .. 
to 

8 1 9 90 
:.ug .. 10 
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It is the belief of the writer that the presence or absence of the 

male determines in large part the length of tie egg gallery and the number 

of egg galleries-established throughout the season by each female. An exper­

iment was carried out during the 1956 season which was designed to supply 

evidence to support this. 

Ten logs, 3 feet in height and 9 - 11 inches in diameter, were 

secured in a vertical ;)osition within separate cages. Into each cage (1 - 10), 

were released 10 unmated but sexually mature female bark-beetles. At the same 

time the following numbers of males were released in cages 2 to 9: Cage 2 -

1 male; cage 3 - 2 males; cage 4 - 4 males; cage 5 - 6 males; cage 6 - 8 males; 

cage 7 - 10 males; cage 8 - 12 males; cage 9 - 14 males. These logs were 

examined at close intervals throughout the summer and each new strike was 

marked and recorded. The time of release, time strikes were established, time 

of debarking and information concerning each gallery are summarized in 

Appendices XII to XXI. 

It should be noted that the original sex ratios were altered by the 

time the logs were debarked in the fall. This was due to the high mortality 

rate and deaths unequally distributed between males and females. In the 

appendices are given the estimated sex ratios which were believed to be 

effective rather than the sex ratio calculated from released beetles. Dead 

adults were collected as they appeared on the floors of the cages. Some 

of the beetles were missing and the date of their disappearance can only be 

guessed. 

Logs in cages 2 to 8 and cage 10 were not debarked until the fall, 

allowing beetles over 50 days for gallery establishment. 
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Logs in cages 1 to 9 were debarked earlier. These results will be 

discussed first. 

The log in cage 1 was debarked after 15 days. Unmated females had 

constructed one gallery each. The longest was 4 inches. No eggs had been 

laid. 

Cage 9 log was debarked after 16 days. Mated females had constructed 

galleries up to 11 inches in length in this 16 day interval. Broods were 

established in 6 of the 11 galleries. All but one surviving female had been 

mated. This beetle was not at all active when removed from the 1 inch long 

gallery. Reasons for its behaviour were not discovered. Note the increased 

rate of gallery construction exhibited by mated females compared to unmated 

females. 

Lo[s in cages 1 - 8 and 10 were debarked in September, In cage 10, 

in which, 10 females but no males had been released, unmated females constructed 

up to 3 galleries apiece before the log was debarked. These beetles were 

released later tl-J.8.n the others and hence could not take advantage of the 

extremely warm July weather. Their first galleries ranged from 1 - 6 inches 

in length and averaged 3.5 inches. Their second f,alleries ranged from 3 - 9 

inches in length and averaged 6.6 inches. Some were in the process of extend­

ing their third §:allery when the log was debarked, Several eggs were laid 

by one female in this cage but none of them was viable, 

It was observed in all cages where unmated females existed, that 

gallery behaviour of these females was characteristic, i.e. they were slow in 

extending their galleries, their galleries commonly wandered whereas the 

mated females constructed essentially straight egg galleries, The unmated 
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females keep their first and sometimes second galleries free of boring dust, 

thus facilitating the entry of the males. Galleries containing unmated females 

can frequently be classified as such by observing the continual dribble of 

boring dust from the entry holes. 

In cage 2, the estimated sex ratio was 0.14, and �he single male mated 

2 females. Unmated females constructed up to 4 galleries each. These galleries 

got progressively longer. The 3rd and 4th galleries constructed by unmated 

females were generally plurrged with boring dust. Egg nitches were sometimes 

constructed. No eggs were laid however by unmated females in this experiment. 

The average length of gallery constructed by unmated females was 2 inches. 

The single male mated with one female on July 9 and \vith one female August 6. 

The sex ratio in cage 3 was estimated to be 0.20. Seven of the 16 

galleries contained broods� Some females were not mated in their 1st galleries 

but were mated in their 2nd galleries. Two males mated with the 6 females 

which established broods. The average length of gallery constructed by unmated 

females was 3 inches, and of mated females was 13 inches� 

In cage 4, all the surviving female s were mated. The estimated sex 

ratio was 0.40 (The sex ratio in the wild population in 1955 and 1956 was 

0.43) • 

In cage 5 all but one rallery contained broods. The estimated sex 

ratio in this cage was 0.37. Heavy brood mortality occurred in this log due 

to the galleries being concentrated on one aspect. These galleries constructed 

by mated females averaged 12 inches in length. 

In cage 6 all the galleries but one contained broods. The one female 

which did not establish a brood, nevertheless extended her gallery a total 
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length of 18 inches. She probably mated but, for some unknown reason, was 

incapable of laying egfs. The sex ratio in this cage was estimated to be 0.80. 

In cages 7 and 8, the sex ratio's were estimated to be 1. All 

galleries contained broods. The galleries were in most cases exceptionally 

long. 

The data summarized in Appendices XII to XXI, is interpreted to 

indicate the following: 

1. Unmated females can construct at least 4 separate galleries during 

one season. All these galleries are shorter than average egg galleries but 

can reach lengths up to 9 inches. The later galleries are longer t han the 

first. The first galleries are frequently kept clean of boring dust. 

2. Th� rate of gallery �xtonsion is much fastor among mated females 

than among unmated �cmalcs. 

3. One male commonly mates with 2 femalus. Less c ommonly, single 

males are able to mate with 3 females. 

4. A sex ratio of 0.40 can result in all the females being mated. 

5. Some mated females constructed up to two galleries and established 

broods in each... , 

6. In cages vlhere the sex ratio is 1. 0, the average gallery length 

is longer than in cages where the sex ratio is less than 1.0. It is not known 

if the two factors are related. 

In order to synthesize what has been discussed in this and early 

sections, a review of the main conclusions is pertinent. 

1. Observations of males and females in egg galleries suggest 

that once mating has occurred, the female frequently blocks the gallery with 
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boring dust, w-hich prevents the m8.l6 from remaining with her .  ThE:. male ,  if 

unable to keep up with the female , will bore its way out of the gallery. It is 

known that in wild populations and caged populations , the male leaves the 

gallery before the fE:r1ale . 

2. In short galleries there is a definite egg laying pattern; 

the number of eggs laid Dcr inch ris ing to a peak then de clining rapidly. In 

long galleries there is a s eries of fluc tuations , each fluctuation resembling 

to s ome degree the.t des cribed for the s hort galleries . 

3. There are pronounce d  internal changes which take place within 

the female and thes e  can be related to the e gg laying c apac i ty which in 

turn is merely a reflection of ovariolc activity. Thes e relations hips are 

more apparent in short comple te d  galleries . 

4. Gallerie s  containing males and females are extended to greater 

lengths than galleries c ontaining jus t  fema les . This is because the females 

remain for a longer period in the gallery if males are present. 

S. The pres ence of the male s timulates the female into immediate 

gallery extens ion. Fertilization does not a JD ear e s s ential f or a c tivation of 

the reproductive s ys tem in all females . From information available t o  date ,  

however, fertilization s eems t o  be essential for p roduc t ion o f  viable e ggs . 

While it appears that the pres e nce of the male greatly hastens the a ctivation 

of reproductive organs , it is not known if this is due ent irely to fertili�ation 

or not. However ,  once mating has taken place ,  egg laving and all the assoc­

iated internal changes soon follow . In the absence of the male, s ome females 

app ear capable o f  a partial rc:)roductive sys tem development but only after 

a lengthy period. 
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Fig. 10 . Illustrating diagramatically the internal changes which occur in a 
:female beetle :from the time it connnences construction o:f a 7 inch 
egg gallery to the time it is ready to abandon the gallery • 
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The behaviour and internal condition o f  a hypo thetical female will 

be followed as it cons tructs a 7 inch brood gallery . 

A youne female emerged at midday from its brood lor, and flew t o  a 

fresh log where it s ucceeded in es tablis hing a gallery. This young female 

possessed mass ive flying mus c le s ,  its body was p2cked with f�t bodies , and its 

reproductive s ystem was reduced. By the following day this female had excavated 

1 inch of pallery, the boring dus t having been forced out the entry hole . The 

female at this time begins to reduce the rate of £nllery e xtens ion. Internal 

conditions i . e .  wing mus cles ,. fat b ody, reproduc tive organs have not altered 

appre c iably (See Fig .  10 and Sec . 5 ) . At this s tage , a male locates the entry 

hole of tLe gallery and enters . MC'ting s oon follows . As a result of this 

mating, changes c ommence which are des cribed in Se ction 5. There is a rapid 

enlargement of reproduc tive organs , especially ovarioles . Oocytes commence 

to develop . Fat bodie s s upply much o f  the required energy for egg production 

and hence their abunda>1ce decre8.ses . 1ding Mus c les diminis h in s ize . The 

female commences to elongate the gallery, depositing more and more e ggs per 

inch as the ovarioles increase the ir output .  However, the male has not been 

able t o  keep up with the female and by three days the gallery between the two 

beetles is plugged with boring dus t .  The male then leaves the gallery. The 

egg production per inch reaches a peak by the t ime the gallery is 4 inches in 

length. Egg p roduction begins to de cline and c ontinues to do s o  for the next 

several inche s .  By the time 5 t o  6 inches of gallery have been c onstructed, 

the female bee tle requires to be mated agai n .  This does not o ccur however as 

the male, being unable to keep up with the female , left the gallery earlier. 

Stimulation by the male not be ing available , certa in  changes within the female 
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commence, or if they had commenced earlier, arc now accellerated. These 

changes include a shrinking of the rLproductiv€ organs and especially the ovariole 

an accumulation in volume of the fat body, and a vast increase again in the 

s ize of the "ling mus cles . These changes occur 1-;hile the female is slowly 

extending her gallery to the 7 inch mark. At this point she is physiologically 

about in the same condition as when she left her own brood tree.  She bores 

out through the bark and if fortunate , is able to es tablish a s econd gallery 

where the process  des cribed �bove may be repeated. 

Longer galleries as shown graphi cally in Figs . 8 and 9, are originated 

in the same manner as that described for the 7 inch completed gallery .  The 

males however,  remain longer in these galleries . For ins tance in Fig.  8, 

the female whi ch construc ted the 21 inch gallery, was about to abandon this 

gallery after :5 inches and probably would have if the male had not remained 

in the gallery . Na tint'; took place and the female then rec-ommencec. egg laying. 

In this same gallery, it is probable that matinr, took place aGain when the 

gallery was lh inches long and again when 18 inches long. A similar s ituation 

is seen in the 29 inch gallery, Fig .  9. Hating in this gallery appears to 

have occurred when the gallery was 1, 8, 14, 20, and 26 inches long respectively • 

In each of these galleries, male and female were together at tho upper end and 

egg laying was continuing at the time they were Lxposod by debarking . 

Because the male can leave the gallery at any time, a wide range of 

gallery lengths occurs . It is known that f,allE-ry lengths will vary directly 

as tho size of the female (Se c .  12) . From careful debarking records , as 

tabulated in Appendices I, II, III, it is believed that a range in gallery 

length, due mainly to s ize and vigour of the female, can vary from 5 to 12 
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inches following the initial mating. However, a small female which normally 

constructs 5 in ches of gallery following mating, would be able to construct a 

much longer gallery if the male remained w ith her. 

Hales are not al1rla ys found with females in the very long galleries, 

but if the female is still in the gallery and still laying �ggs, then it can 

be assumed the males left not long before the gallery was examined. 

It is apparently common for some young adults of Dendroctonus micans 

the only European species , to mate in their brood galleries prior to emergence , 

(Husson and Stauder 1954, reporting on observations by Francke-Grosmann � The 

writer is fairly certain this does not occur in E. monticolae populations. 

The possibility of its occurrence however, will be re-investigated in the 1957 

season. 

7. NEMATODES 

An extensive nematode complex is associated with mountain pine beetle 

galleries. A list of species and where they were found is given in Table III , 

The identifications were made by Dr. M. A .  Khan , Nematode Investigations, Science 

Service, ottawa • 

Little is known on the biology of many of these nematodes, nor on 

the effect they have on the mountain pine beetle. It is probable that only a 

few are directly parasitic. There is a large insect and arachnid fauna associated 

with mountain pine beetle broods, including many scavenger and phytophagus type 

feeders. Likely many of the nematodes, liSted in the above table, more directly 

concern these latter f orms. 

S ome specific information is available on Aphelenchoides sp. and 

Sphaerularia hastata. 
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Tt�BLE III - Nematodes ,'iSS oc ia ted with 11ounta.in Pine bee tle - 1956 

Species 1Vhere Found 

Sphaerularia has ta ta Khan Digestive tract of adults 
Body cavity of adults 
Reproductive organs o� adults 
Egg nitches 

Sphaerularia sp. (Juvenile stages) Frass in main gallery 

f:,phelenchoides tenuidens Thorne 1935 Egg nitch 
Frass in larval galleries 
Frass in main gallery 

.i.phelenchoides brach�cephalus Thorne Egg nitch 
1935 Frass in larval galleries 

Frass from main gallery 

il.,Ehe1enchoides latus Thorne 1935 Frass from main gallery 

AEhe1enchoides ta10nus Thorne 1935 Egg nitch 
Frass from main gallery 
Frass in larval galleries 

Lphe1ellchoides sp. C Juvenile stage) Digestive tract of adults 

:q:�he1enchoides sp . Frass from main gallery 

Pana�rodontus dcntatus Thorne 1935 Egg nitch 
Frass from main gallery 

Dip1o�aster Einico1a Thorne 1935 Frass from main gallery 

:�phe1enchoides sp. are found moving freely throughout the moist 

regions of the egg and larval galleries. They attach themselves under the 

wing pads of pupae, tenera1s of all ages, and of adults. They do not appear to 

mechanically damage their host. They are transported from gallery to gallery 

by securing themselves to the membraneous wing of adults. Observations reveal 

that the menatodes invariably attach themselves to one specific area of the 
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of the wing, the jural fold (as des cribed by Snodgrass p .  237, 1945) . WTIcn 

the beetle is in the gallery, the membranous w ings are folded under the elytra ,  

the jugal lobe at this t ime is folded over, along the line o f  the jugal fold. 

The nematodes force their .va"· beneath this juge l lobe and s e cure themselves 

along the jugal fold, gene rally in that portion closes t to the wing s clerites . 

Examinat ion of these nematodes under the binocular m icros cope indicate tha t 

they " cementll themselves d irec tly to t he w ing " They appear to excrete a s ub­

s tance from the region of the head. The y  a ttach themselve s  in a group ,  and no 

more than one group has been observed per wing . The effe c t  of this mas s of 

nematodes on the flying ability of the bee tle is not k�ow.n . 

Sphaerularia has ta ta is an important paras ite and the dis cussion 

whi ch follmvs refers to this spe cie s ., Both me.le and female bee tles are paras it­

ized and mortality of the hos t  generally results when thes e nematodes are numerous . 

Results of dis sections were reoortcd in the 1955 report. � summary of the 1955 

conclus ions is as follows : 

1. 24% of the adults examined in the expe rimental area were known 

to c ontain S .  has tata . The numbe rs of nematodes varied from a few per adult 

to over 3300. When nematodes occurred in numbers over 2000, death generally 

s oon followed .  

2. The egg production of infes ted females was found to be 33% less 

than egg production by non-infes ted females . Egg produc tion was reduced because 

the paras ites reduce the vigour of the adults . No me chanical damage to internal 

organs was obs erved. 

3. The largest percentage of nematodes was found in the b ody cavity. 

Very few were found in the diges tive tract .  None was found i n  the proventriculus 
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or ventriculus . Ie few ,vere found in the mid gut and hind [ut e large numbers 

of nematode eggs were found in the body cavity of heavily infested adults . 

4. From available evidence in 1955, the following life c,ycle was 

postulated :  bark beetles , tf:nerals or adults, inges t  parent nematodes . These 

nematodes are known to move freely through the frass and galleries . The 

inges ted nematodes pass through the digestive tract into the upper intas tine . 

They move through the intestinal wall into the abdominal cavity. The time 

they spend in this region, without reproducing, is not known. Up to this time 

there is little eff8ct on the hos t .  :.fter a period of time , the female nem­

atodes produce large numbers of eggs , which h2 tch in the body cavity of the 

host.  This increased parasitism begins to  affect the vigour of  the hos t. 

Eventually the number of nematodes increases to  such an extent that the death 

of the host results . The nematodes force their way out of the carcass,  move 

through the frass , and s ome are ingested ag-ain by other adult bark beetles . 

The cycle then repeats . 

A large number of disse ctions were made of adult bee tle s during the 

1956 season . Fortunately, ele ctricity Has available at the site,  permitting 

binocul2x microscope examina tions of fresh g2.11eries and adult dissections • 

No quantitative data was collec ted on the effect of nematodes . However, obser­

vations on their method of dispersal, methods of infec tion, e tc .  were c ontinued.  

Sphaerularia hastata is able to move freely throughout the gallery 

providing there is a high mois ture c ontent . The movement of the nematodes is 

facilitated by the presence of fungi .  �fuen egg galleries have been es tablished 

for short periods , and larval galleries are being extended, the bark surround­

ing these galleries f:cequcntly supports active infections of fungi . The inner 
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bark shows a definite brown s ta in resulting from the fungi .  The bark fibres 

. 

appear to be loos ened, the region turns rather.spongy and loos e .  Nematodes 

were obs erved to move through these areas very eas ily. They can thereby: • 

move from one bark beetle gallery to another, s o  thti t a single nema tode 

infe s ted gallery can c ontaminate many others . 

Little was learned this pas t seas on on how the bee tle becomes in-

fes te d  vlith S. has tata . .Ls was mentioned earlie r however, entrance is probably 

through the oral cavity of the bee tle . Free liv ing s tages are very active in 

the bark of beetle infested trees . It is conceivable that they could find 

the ir way deliberately or by chance, to the digestive tract of the adult. 

S imilar to results of Jp.s t  years dis s e c tions , no �. has tata nematodes 

were found in the proventriculus or ventriculus . J. few were found in the hind 

gut and rec tum. Moderate numbers were found in the reproduc tive organs of 

females which had been laying eggs immediately prior to their being dissected. 

Occas ionally, after debarking galleries in which e ggs had been laid, 

it was found that none had hatched aDd all had c ollapsed. These c ollapsed 

eggs could be easily spotted because the region immediately around the egg 

nitch was s tained a dark blue t o  black by a fung i infec tion. Examination of 

e f g  nitches c ontaining c ollapsed e ggs in most case s  revealed small clus ters of 

nematodes b e tween the c ollapsed egg c orium and the wall of the egg nitch . It 

was bel ieved at firs t that the nematodes were respons ible for the des truction 

of the e ggs . \'Vnen close examination was made of freshly laid e ggs it was often 

observed that s mall numbers of nematodes were e i ther moving over the egg or 

were b e tween the e gg and the egg nitch wall. l� number of thes e  e ggs , containing 

nematodes on their outS ide , were reared through. In no case was an egg deflated 
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as the result of penetration by the nematodes. 

A female beetle was dissected which had j ust previously laid eggs 

having the nematode associations described above. It was found that the reproducti 

system contained nematodes, fairly numerous, but not sufficiently abundant to 

imp ede oviposition. l"'ithin the vagina , nematode larvae and e ggs oc curred in 

loose formation . N8�ltodes were found appressed to the walls of the median oviduc t 

The largest numbers occurred in the bursa copulatrix. lJithin this organ they 

were all aligned and in sufficient numbers to give the organ a turgid appearance. 

It appears very likely the refore that the nematodes associated with the newly 

hatched e ggs were e jected with the egg. Nematodes would have ma ny  opportunities 

to attach themselves to nn egg as it moved down the median oviduct to the gonipore 

and was then ejected. 

Concerning the deflated eggs which were mentioned above , it is known 

that non fertilized eggs deflate soon after oviposition. They appear to have 

a very fragile corium. It may be that some eggs laid by female beetles whic h 

have nematodes in the reproductive system, are not fc.,rtilized be cause the male 

spenn has been disturbed in some way. These eggs would be oviposited but 

would be non-viable and soon collapse. Most of the eggs having the nematode 

associates, hatched and the larvae appeared to behave normally. The nematodes 

movo throughout tho larval gallory. While few larval dissection havo be en made, 

no evidence has been found to date that thbse nematodes affect the larvae. 

The largest proportion of nematodes are released from the adult when 

it dies . Heavily infosted be etle s can frequently be determined as such by their 

behaviour. Their movements are very lethalgic and they do not attempt to 

e scape when removed from the galleries. If placed on their back, they make no 
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effort to right themselves . There is frequently a noticeable trbmor in the 

antennae and the legs . Several adults , displaying these symptoms , were placed 

under observation. 1..11 died wi thin 4 days . Immedie>. tely following death, �. 
hastata larvae and adults were obs erved leaving the body of the hos t. In mos t 

cases they appeared to force their way through the sutures ,  betT!Jeen the scler-

otized portions of the abdomen. ll1Jithin a short time,  nematodes appeared in high 

numbers and moved into the surrounding borinG dust and frass of the gallery. 

The length of time spent in this free state is not known. 

No specific investigations were carried out during the past season 

on biolog ies of predators and paras ites . The most important predators were the 

Diptera as recorded in last years report i . e .  Hedete ra aldrichii Wheel. , Hedetera 

viduus vJheel . ,  and Lonchaea sp.  1vatsoni complex; and one hymenopteron, Coeloides 

dendroctoni Cush. 

It was mentioned in last years report dealing with the biologies of 

the predators and paras ites , that�. dendroctoni, while present in fairly high 

numbers , was not found to be of great s ignificance . L s imilar conclus ion was 

arrived at after this s eason ' s  work • 

Cage studies this s eason have shown that the life cycles of the 

predators and parasites parallel that of the hos t. Coeloides and Medetera emerged 

from 1955 bark beetle infested logs from June 21 to July 19th. They commenced 

emerging from logs infested early in 1956, on September 10th and continued to 

October 8th. The emergence is summarized in ;\ppendix XXIII. 

While no specific investigation c oncerning these insects was carried 

out, critical data on their c ombined effects were obtained in the course of 
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debarking exposed logs. �1ork_li ty to be.r� beetle broods by predators and 

parasites has, of necessity, been grouped. However, the largest percentage of 

mortality is attributed to larvae of Medetera aldrichii. In Table XII, which 

summarizes data from debarked logs, specific causes of mortality are not shown 

after the 3rd week following the time of gallery establishm€nt. The reason 

is that after this period, larval a cti vi ty, interference from adjacent galleries, 

molds and fungi, etc. combine to make causes of individual larval mortality 

confusing. .\ similc,r situation occurred during the 1955 season. It was believed 

in 1955, that mortality of larvae from predators and parasites} in the exposed 

logs, would not be much higher than 10 - 12 per gallery. This is now believed 

to be incorrect. Nortality from prE- dators and parasites (especially !:!. aldrichii) 
is believed to be very much higher. Unfortunately no exact figures arc avail­

able. Lccurate data of this �e is difficult to obtain as there are so many 

other variablES which will determine the final effect. 

However, up to a certain time, follow ing establishment of the gallery, 

specific information on brood mortality can be determined. The number of 

predators and pi rasites res{)onsible for this mortality is" seldom available. 

Techniques used to study gallery patterns were described � Section 4. In a 

number of these galleries it was possible to determine survivors per inch. 

The mortality is probably due mainly to larvae of M. aldrichii as this was the 

most common larva found, other than the host. This mortality is illustrated 

in Fig. 11. The histOGram sLows the average number of eggs laid along each inch 

of a 7 inch completed gallery. (The figures are averages from 12 completed 7 

inch galleries ) . These were established during tIe first flight of beetles 

from July 7 to 17. The effect of predators and parasites is considerably less 
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op the second flight but comparable figures are not available. In these 

completed galleries,  mort2.1ity of near 50% has occurred in a period of less 

than 3 weeks . It is apparent that this heavy mortality of broods established 

by the first flight vlill groettly influence the time when the firs t emergence 

occurs from that brood letter in the season. 

The survival of the firs t brood in logs protected from predators and 

parasites ( Table XIII) was almost 50% higher than the survival in logs sub­

jected to pressure from predators and paras ites (Table XII ) .  This latter table 

indicates 95% mort?,lity in the firs t broods by .'i.ugust 23rd. Lethal effects 

of crowding arc apparent in both caged and exposed logs . Similar results 
. 

were obtained in last year ' s  work, i .e .  the s urvival of the first brood in 

caged logs was very much higher than brood survival in logs subjec ted to 

pressure from predators and paras ites . 

Seoond broods in exposed logs are not subjected to as much predation 

and parasitism as first broods . They enter the overwintering s tage before 

adverse effects of crowding become severe (Table XII, log Tl ) .  

9 .  CROWDING 

Spe cific information on the effects of crowd��g, like the effects of 

predators and paraSites , are not available . It is known, however, that crowding 

is a very important fac tor in the environment of the mountain pine beetle broods . 

The effects of crowding mus t be c ons idered from three aspects i.e� 

1)  crowding between members of the same brood, 2 )  crowding between members 

of adjacent broods , 3 )  crm-Jd ing from other species. Crowding between members 

of adjacent broods is b elieved to be the most important in the experime ntal aroa. 
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The direc t  effe c ts  of crowding on b rood s urvival are known to vary 

direc tly with the length of time of brood es tablishment. The effects of 

crowding are negligible despite high dens ity of attack, for periods up to 2 

weeks following establishment of the galleries ,  providing all galleries are 

es tablis hed within a few days of each other .  If tl c attack period on log or tree 

extends over a long p eriod, the gallcric, s  established in the early s tages have 

a great advantarc over thos e; es tablished 1a ter. .Uter periods o f  2 - 3 we8ks , 

larval galleries of adjacent broods have begun to interfere with each other. 

Mortality then c ommences and increases rapidly. Ther� is s ome evidence to 

indicate that in the first flight broods , which es tablis h &alleries in high 

dens i ty per unit area, mortality from crowding with adjacent broods is respons ible 

for up to 50% mortality. The egg galleries are als o of importance in de termining 

this mortality. In the previous section c onsiderable early brood mortality is 

attributed to predators and parasites . This thinning out of the broods un­

doubtedly reduces the degree of crowding b e tween larvae . It is apparent that 

the interactions are very complex. 

The direct and indire ct effe c ts of crowding plus the e ffects of 

predators and paras ites are believed to be respons ible for the almost compJ.e te 

dec imation of the first broods . Even in caged logs , mortality of the firs t 

brood is close t o  50% by September and this is attributed la rgely to direc t  

and indiro ct effects o f  crowding. 

The s e c ond broods in caged logs in 1955 suffered 1e ss from crowding 

because c oo l  we<.,.ther halted development ocfore the galleries were far advanced. 

Emergence from these logs in 1956 indicated the e ffec ts (direct and indirec t) 
of crowding operated ma inly during their period of development in 1956. 
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In Table 'XII, Log Tl contained second broods of .the wild population. 

Up to the sixth of September combined effects of predators and parasites 

and crowding were responsible for only 31% mortality. These broods were more 

advanced than the previous years second broods , hence crowding effects were 

likely more significant before tJ'€ broods ceased development due to cold weather. 

10. TEMPER!. TURE 

Daily maximum and minimum temperatures wert recorded in the exper­

imental region from June to October. Temperatures as reported at the Department 

of Transport Station, Kimberley, B.C. were used for those months for which 

temperature records were not avai12.ble in the Invermere region. The weather 

in both regions is very similar. 

Maximum and minimum temperatures for the months June to October 1956 

are recorded in I .. ppendix XXIV. r1aximum temperatures during April, May, and 

Augus t in 1955 and 1956 are illustrated in Fig. 12. It was shown in Section 2 

that emergence and attack periods of the main flight were almost 3 weeks earlier 

in 1956, than in 1955. This was probably due to the high daily temperatures 

in April and May, 1956. Survivors of the overwintering broods commenced devel­

opment earlier and proceeded at a more rapid rate in 1956 than in 1955. The 

final result was a much earlie r emergence. 

Cool weather in late August and early September (Fig. 12 ) prevented 

the emergence of survivors from the early July broods (See Fig . 6) until 

Sep tember 7. 

An experiment was set  up in the fall of 1955 to supply some general 

information on the winter mortality in broods of the mountain p ine beetle. 
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Tt-1,o 5 foot lOGs were secured in an upright position in such a manner that they 

were above the an tic ipa te d  sTl.ow line . TWo 5 foot logs were pJa ccd on the ground 

in a pos ition which would ensure that the y  h'ould be covered by s now. One of 

the logs above the snow linE:: and one of t.he logs below the snow line c ontained 

broods e s tablished during thE. f irs t flight of parent adults that previous summer. 

The o the r  two logs c ontained s e cond flight broods . All lC2}gs had been caged and 

thus predators and parasit es had not affected the broods . In addition, one log 

c ontaining firs t flight broods was allowed to overwinter above snow line at 

the E is e nhower Field S tat ion, Banff National Park. 

The snow depth above the logs ,  in the Invermere area, was 18 inches 

when measured in March ,  1956. All the logs were debarked in May, 1956. 

Result s of this experiment are s hown in Table rJ and illus trated 

in Fig. 13 . The number of galleries p er log, number of living and dead l arvae , 

pupae , and adults per gallery are shown for logs whic h overwintered above the 

s no .. r line and b el ow the s now line . 

The broods in IBn logs were s ec ond flight galler ies and c ontaine d 

large numbers of eggs in the fall of 1955. No eggs survived the winter, e ither 

above or below the s now line . Few pupae are generally found in overwinter ing 

broods . It will be noted that mortality of broods was for all practical pur­

pos e s ,  complete in the logs which overwintered at the Eis enhower Field S ta ti on .  

N o  winter temperatures are available from the Eisenhower Field S tation region 

s o  Banff winter tempera tures have been s ubs tituted. The two s ites are only 

20 miles apart .  The winte r  temperatures in Banff are known t o  b e  le s s  severe 

than thos e occurring at the Eisenhower Field S tation. Winter temperatures 

for the Banff area and Invermere area are s hown in Table V. 
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TABLE IV - Summary of results from over\Jir,ter in�� mortality s tudy, 'Hinte r of 
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the pupae was high. ; lortality of the adults was very high in those logs which 

were not protected by snow cover but in those logs which were covered with snow, 

this varied around 50% . f).dults in the fA ' logs were survivors of the 1955 July 

broods whereas adults in the I B ' logs were parents of thos e July (first )  broods 

and parents of the broods (second ) with which they overwintered. 

The effect  of winter mortality is a )parent in shaping the life cycle 

as it occurs in the experimental region. Surviving broods in the spring are 

c omposed mainly of larvae in their II, III, and IV instar, which were in caged 

logs . In the wild population, the 1s t brood is almos t completely destroyed by 

predators , parasites ,  competition and finally by low winter temperatures . This 

will be enlarged upon in a later s ection. 

The important effect  of low winter temperatures is to des troy broods 

at both ends of their development i . e .  eggs and I instar larvae and pupae ,  teneral 

and callow adults . Therefore larvae of one or two instars comprise the brood 

in the follOWing spring. In the experimental region the surviving broods in the 

spring are those of the second attack the previous year and are mainly in the II, 

III, IV larval ins tars . This grouping is reflected in the relatively short 

flight period (Fig. 3 ) .  

11. REPRODUCTIVE LIFE SPAN OF THE FEI1ALE 

The average reproductive life span of the female population can only 

be roughly estimated at this stage . It \1ill vary from year to year depending 

on the intensity of the environmental pressures . There are three definite 

periods in the life span of the adult bark beetle in which tazards are at a 

maxilnuIne These periods are : 1 )  the interval from the time the young adult leaves 
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its brood tree in July until it has initiated its firs t successful egg gallery; 

2 )  the interval from the time the adul t leaves its first egg gallery and 

successfully initiates its s econd egg gallery; 3)  the overwintering period. 

The percentage of parent adul ts in the wild population which are destroyed 

during these periods is not known but undoubtedly it is cons iderable .  It is also 

likely that the percentage survivors during intervals 1 and 2 ,  would vary con­

s iderably, de?ending on the severity of the environmental pressures which operated 

during the time when these adults were out of the galleries . 

Debarking data and general observations in the experimental region 

suggest that the bulk of the females e s tablish one egg gallery and attempt but 

are not very suc cessful, in es tablis hing a second egg gallery. Both this season 

and las t season, successful second attacks were much less  evident than successful 

first attacks . In 1956, only 1/12 as many egg galleries were es tablished  in 

exposed logs by the s econd flight of beetles as by the firs t flight. It is 

known that mos t of the parent beetles left their first e gg galleries ( Table 11) . 

Just as many logs were available to this s econd flight as to the first flight . 

The incidence of attack to s tanding trees by second flight adults is believed to 

be s omewhat higher than the expos ed log data indicates .  It is s till very low 

however, compared to  the successful attacks of the first flight. 

If these  observations can be interpreted to indicate a very high adult 

mortality between the firs t and second flight, then it  is assumed a similar 

mortality oc curs during the interval between emergence fro� the brood log and 

the firs t attack.  Adult mortality during the winter is also cons iderable . This 

was discussed in Section 10. 

Female beetles which succeed in maintaining themselves through thes e  
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three critical periods have other hazards to face . A small number of adults in 

caged logs were found to have survived from July, 1955 to July, 1956 and laid 

viable eggs in this interval, except of course when ac tivity ceas ed in the fall 

due to cool weather . The number adults in the 1955 wild population which succeede 

in living this long was not significant. 

If the emerging population in July, 1956 is des ignated as 1 . 0, the 

evidence sugges ts t ha t  the proportion which succeeded in es tablishing f irs t 

egg galleries would be in the neighborhood of 0.5,  and the proportion which 

succeeded in establishing second egg galleries would be in the neighborhood of 

0 .05 .  The number which would succeed in overwintering is believed t o  be 

ins ignificant . These  are only rough estimates but the important fact  is that 

a high mortality oc curs in these intervals and likely the percentage of mortality 

varies from year to year depending on the quality of the environmental pressures . 

This mortality has a considerable effect on the abundance of the populations 

but little data is available on this subject. 

The reproductive life span of the female beetle in the experi mental 

area can be separated into 3 categories : Potential, Actual, Effective . The 

number of days associated with each c ategory are surrrnarized in Table VI. 

1. Potential Reproductive Life Span - This refers to that period 

from tbe time of adult maturity to the time when a natural death 

from old age oc curs . ��ile this is an exceedingly rare phenomenon 

in nature, data is available which indicates this period can 

extend from July of one year to July of the next year. Within this 

interval there would be approximately 180 days when temperatures 

would be high enoUfh to allow activity by the beetle . 
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2 .  Actual Reproductive Life Span - This refers to that pe riod in 

the firs t s eason, when egg layinG can take pla ce . t\iinter temper-

atures c ommonly des troy parent adults whi ch have survived up to 

late fall. 1.tJi thin the experimental area this period c ommenced at 

time of parent adult maturity (early July in 1956, and early 

Augus t in 1955 ) and extended to mid October . In 1955 this period 

was 64 days and in 1956 it was 96 days . 

3 .  Effe c tive Reproduc tive Life Span - Refers t,o that period wi thin the 

actual reproductive life span in which egg batching oc curs . It is 

known that e gg laying can take place at temperatures below that a t  

which eggs are able t o  hatch. Eggs laid after a certain date fail 

t o  hatch because temperatures are too low . In 1955, the las t egg 

hatching occurred Sep tember 2nd. In 1956 las t egg hat ching oc curred 

Augus t 22 . Adults c ontinued to lay eggs up to October 15 in both 

years . Eggs laid after the las t hatching date do not c ontribute 

anything to the level of ins e ct abundance because they are destroyed 

by low w inter temperatures . 

TABLE VI - Showing the number of days ass o c ia ted with the three categories 
of the reproductive life span 

1955 1956 

Total Number of Days Total Number of Days f Potential Reproduc t ive Life Span 180 180 

I Actual Reproduct ive Life Span f 64 96 
I ________________________ �--------------�----------------� ! Effec t ive Reproduc tive Life 

i \ 
hime 

I Span 
: Time 

for 

for 

1s t brood 21 21 

2nd brood 10 21 
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In Table VI are summarized the number of days in each caterory. It 

will be noted, in this table , that the "effective reproductive life spanil is 

separated into sub categories headed 1 )  Time for Firs t Brood and, 2 )  Time for 

Second Brood. Within the experimental area the first brood is generally 

established within 21 days after whi ch the parent adults leave and attempt 

to establish a SEcond egg gallery. This 21 day interval for firs t brood 

es tablishment is determined not s o  much by temperature as by inherent phys iologicaJ 

qualities. Temperature is not the limiting factor in determining s ize of brood 
�---��. or the number which hatch in this firs t or early brood. This brood is estab-

~ lished and develops under generally favorable climatic c onditions. However, �\ �Vidence is available lV'hich sugges ts that this entire brood is s
. 
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. ', #reduced by p redators and paras ites, effects of crowding, and low winter temper-��tP+� ures that it later contributes very little to the adult breeding populat ion" 

�?J �survivors of the second brood seem to be the mos t important in determining 

I the abundance of the bark beetles in the experimental area. 

( In Table VI the sub heading, "time for second brood", refers to the 

number of days which second brood eggs have for hatching. In 1955 the s econd 

SfoL"/ 
( brood was established around August 24 and the las t  egfs in these  broods hatched 

September 2nd. Therefore, the number of eggs which hatched, in the s econd brood 

was determined within the first 10 days even though egg laying by these s ame 

adults, continued into October. 

In 1956, the time for establishment of the firs t brood was approximately 

21 days. The s e cond brood in 1956, (and the firs t brood) was es tablished earlier 

than in the preceding year. Second broods were established around August 1, 

1956 and the eggs in these broods were able to hatch up to August 22. Therefore , 
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the number of eggs which hatched in these second broods was determined within 

a 21 day interval even though, as in 1955, eg�s were laid until mid October . 

1 f' 
The abundance of th��di:gg .e�2.ck_t!l�!l.j.� .:initially deter-

\ mined by temperatures prevailing during t he time the second brood is being 
\ -----,--�.�-. �-. - "  

I I established . The effective reproductive life span in any year can show cons id-
1 /  '----__ {I I \ erable flexibility, depending le.r€-:ely on temperatures . 

It is believed that larvae from the first ins tar on can continue 

development at temperatures below which egg hatching occurs . Once hatching 

occurs , the broods continue developing until low temperatures finally cause 

development to s top . This is generally in October in the experimental area . 

Those portions of broods which succeed in reaching the III or IV ins tar larval 

s tage have a good chance of overwintering . The eggs do not . It is not all gain 

however, because if portions of these second broods succeed in developing to 

pupae or young adults , then theSE- advanced s tages have less chance of overwinterin 

than late larval s tages.  

12. FECUNDITY OF THE FE�1ALE BETI:TLE 

There are many factors which aff6ct fecundity of the females .  Some 

are inherent qualities  and s ome are due to the environment. Several environmental 

effects have been dis cussed in this report i . e .  s ex ratio, nematodes , climate . 

In last years report (Re id, 1955 ) it was s hown that an inherent quality, size ,  

als o  affected fecundity. 

In Table VII is shown a summary of tLe average number of eggs per inch 

in galleries of various lengths . (Data from Appendices I and II) .  There is a 

trend shown in this table which supports earlier remarks . The increase in numbers 

'. 
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of eg:. s laid per inch of galler y  continues up t o  and including gallerie s in 

the 12 inch clas s . It vIas s tated earlier (S e c .  6 )  that female s ,  after one 

mating, can cons truct up to 12 inches of e gg gallery, the d if ferenc es in s ize 

of the female b e inr res Jons ible for the d ifferences in fa llery length i . e .  the 

larger the female beetle ,  the longer t he e gg gallery 10Ji ll be . 

The avera ge lengths of galleries in infe s ted exposed logs and in 

infe s ted tre es are tabulate d in Tables VIII and IX . Galleries e s tablished 

after the firs t flight period and after the s e cond flight perio d  are lis ted 

s eparately. Field obs e rvations which ind i cated tha t  s e c 9nd attack galleries 

were longer than f irs t a ttack galleries are s upp orted t o  s ome extent in 

Tables VIII and IX. 

It \'ias mentioned earlier tha t a very high adult morta lity is 

s uspec ted t o  o ccur from t he t ime the females leave the ir firs t e gg gallery 

until the y  are suc ce s s ful in es tablis hing their s e cond egg gallery. The 

longer gallery and henc e  greater numb e r  of e ggs laid after t he s e cond 

fl ight will c ompens ate to s ome extent for the high adult mortality whi c h  

o c curs durinr ths s e c ond flirht per iod . 

It is interes ting to no te t hat therE is an abs e n c e  of b lue s tain 

in the tre e  a ttack d uring the s e c ond flight ( Table IX).  



- 44 -
The highes t fecundity was recorded by females within caged logs . For 

exc�ple , in appendices XV to XIX very long gallery lengths and high fecundities 

are re corded. One female Th�d cons tructed a g�llery of 40 inch�s , and was still 

laying e ggs at the time of debarking. FemQles laying over 150 eggs were not 

uncommon. One female had laid 263 eggs and cons tructed a 34 inch gallery at the 

time of debarking, when she was still laying eggs . These high fecundities are 

associated with males and females which remained in their firs t egg galleriGs . 

They are exceptional cases , hm'7ever, not tbe general rule . 

It is apparent from <i.?ta dis cussed to date , that if the fecundity of 

the wild populations is being discussed, then gallery lengths on infested 

trees mus t  be used. For reasons unknown at present, available evidence indicates 

average gallery le ngths on infested trees are s horter than average gallery 

lengths on exposed logs . Obvious ly there are other factors affecting gallery 

lengths , which are not at present known . 

TABLE VII - Showing average number of eggs per inch in galleries of various 
lengths (From Appe ndix I and II)  

Length of l* Nos . of , Total Average per inch ; j 
Gallery I Total eJgs Galleries i eggs 
(ins. ) examined Iengtn X - of gall. 

I 5 1 f 5 1 
I 6 J 2 22 1.8 7 'I 12 263 3 .1 
! 8 I 5 120 3.0 
\ 9 I 2 79 4.4 
I 10 6 279 4.6 t t 
i 12 4 226 4.7 13 4 234 4.5 

14 1 61 4.4 15 2 144 4.8' 
, 16 I 2 185 5.8 , 18 , , • 

________ ,..;;3� _ __' __ 
2;;;.:;3;.,;;;1� ___ ____:4.;:;.;.3� ___ __'L 

Average eggs per inch . 3.8 
* This distribution o f  gallery lengths here is not indicative of average length. 
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TABLE VIII - Mean lengths of egg galleries in exposed logs 

, Flight in Average ) ; which gall- 1 length of ! Number of ! 

i eries estab� galleries I S .D .  galleries 
in ins . I 

�teamboat Log Deck 
1 

1955 first 11.4 , 5 . 5  183 

bteamboat Log Deck 
I 

1956 first I 4 . 8  154 9 . 0  f 

! I 
, rancis Creek Log Deck 1956 first 12 . 1  t 4 . 4  131 , ! 
i I Francis Creek Log Deck - 1956 s e cond 15 . 2  I 8 . 3 40 
1 

TABLE IX - Summary of debarking data taken from 3 butt logs cut from 1956 
infes ted trees . Each log 5 f  in length. Francis Creek area . 

jFlight in 
/which brood 
les tablished 
! 

o . of : Average :' �' 
, " 

trikes r Length o� 
(broods � ?al�erie� ' 

First flight I 132 
(established I 
in early July)  

irs t flight , fiJ 
(establishe d ! 
in early July) 

51 

i m lnB . 

6.2  

11. 5  

Date . Dia. of 
S . D. of � loge .. : ' Remarks 

De bark- l ins . ' 
11 

11 

4 . 5 : Sept. 19 ; 10 

; 90% of parent adults had left 
I their galleries at time of 
I debarking . Adult s did not 
l leave because of c rowding; n o  
j egg galleries ran into each 
; other, no larval galleries 
; were sufficiently extended to 
' run  into those of adjacent 
, galleries . The inner bark 
l appeared white mois t and soun 
� Blue s tain present but had no 
: reached extens ive level. 
; No parent adults . Much eviden, 
! of larval crowding. Very low 
: survival. Extens ive blue 
i stain in sapwood .  
, Parent adults in mos t gall­
: eries . Larval development to 
. IV instar .  High survival. 
', Little evidence of blue s tain, 
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In Table VII, a general averare of 3 . 8  eggs per inch is given and 

is c onsidered to be reasonably accurate . Curiously enough , the average eggs pe r 

inch as determined from 84 galleries in 1955 was als o 3.8 per inch . 

13 . BROOD DEVELOPr'iENT AND SURVIVAL 

There are no precise data available on the length of time necessary 

for brood development under varying environmental conditions . 
Newly laid eggs were taken from galleries and placed in pe tri dishes 

with close to 100% R.H. These e ggs were reared through in the labo ratory tent. 

A s ummary of incubation times is s hown in Table XI. Although cons iderable 

variation N<:S evident, it w:-.s not so pronounced under natural conditions . The 

average time for eggs to hatch in mid July of this year � estimated at 6 days . 

Egg viability in the field was kn.:>wn to be much higher than this table would 

indicate . No eggs laid after A�[ust 2 2  hatched in the laboratory and it seems 

reasonable that this same s ituation occurred in the field. Late August and 

early September temperatures were too low for egg development in 1956 (Fig . 12 ) .  

Eggs laid in this period and even into October proved viable when reared under 

temperatures of 850 F .  

In Table XI are s hown summaries o f  pupal rearings . Prepupal larvae 

were placed in petri dishes at close to 100% R.H. and the length of t ime spent 

in the pupal s tage l.Jas observed. It appears that high August temperatures 

considerably shortened the time spent in this s tage . Pupal development is 

able t:> continue at temperatures below that at which eggs will successfully 

develop . Few pupae enter the overwintering period. The reason f or this is belie' 

to be that prepupal development in the IV instar larvae ceases due to cool 
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TABLE X - Summary of egg rearings in 19.56 

I Time of No . of Days to  ViabJ.
%
· li ty I : Debarking eggs ha tch 

, ------�--+---�--�---------+----�--� I June 7 
I 
! June 7 
! i Aug .  18 
I f July 18 f July 20 
I I Aug. 7 

Aug. 2 

Aug. 2 

Aug. 14 

I Aug. 

14 

• Aug. 6 
I ! Aug. 7 
I 
! Aug. 22 

� 

I 
4 
\ 

I f 

23 

14 

49 

14 

7 

19 

9 

9 

9 

17 

7 

10 

8 

4 - 8 

4 - 8 

.5 - 8 

6 

6 - 8 

.5 - 8 

7 - 8 

9 - 10 

6 - 10 

7 - 9 

11 

9 - 10 

40 

30 

30 

20 

30 

80 

20 

90 

30 

30 

30 

100 

13 
� ------------------�------------------� 

TABLE XI - Summary of Pupal Rearings - 19.56 

No. of Pupae Period spen t in iTotal Time i iHean Max • Temp . in 
Development • that period (FO ) 

I 
> 

4 
\ 

68° June 26 to July 6 I 11 days 
! 

42 August 16 to Augus t : .5 - 6 days 87° 
21 f 

1.5+ September 7 to Septl 10 - 11 days 76° 
ember 17 
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temperatures but those insects already in the pupal s tage a�e able to continue 

development to tenerals . 

In 1956 c lose to 60 days were required from the time the brood was 

established in July until the firs t young adult emerged . In 1955, the earlier 

established broods (July 26 - 27 )  developed to maturity in 6q days . However, 

the biggest portion of that years broods were es tablished in early August 

rather than early July as was the case in 1956. Hence the bulk of the early 

1955 broods did not have 60 full days during the warm months of July and Augus t.  

Broods in 1955 were not as far advanced by S eptember as  the 1956 broods . In 

1956, young adults were fully developed at leas t one week b�fore the first 

ones emerged. The cool weather in late Augus t and early September delayed 

emergence (See Fig. 12  and Fig. 6 ) .  

A summary of the results of debarking exposed logs is given in Table 

XII and of caged lors in Table �III .  Both tables refer to first flight broods 

except in Table XII where log Tl contains broods established in the s econd 

flight (See Fig.  3 ). Various mortality fac tors were dis cussed in earlier 

sections . It was pointed out that after 3 weeks it was not possible to establish 

definite causes of mortality for each larva because of the gallery c ondition. 

For this reas on, unknown mortality causes increase until in logs debarked in 

September,  all mortality caus es are grouped under the one heading. This same 

c ondition developed in the logs debarked during 1955. Survival of firs t broods 

in exposed logs by Augus t 23 of this year was le s s  than 5% and it is s trongly 

suspected that by October it is even less . 

Survival of t he firs t broods in caged logs in September was 51% 

(Table XIII) . It is assumed this higher survival in caged logs is due to their 
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being protected from predators and parasites . The mortality in these  lo�s 

is attributed to direct and indirect effects of crowdli1g. 

The second brood, es tablished in the log decks in late July and 

early August (Fig. 3 )  showed 69% survival in SG Jtember (Table XI ) .  It is 

believed that the second brood, in the field population, is �ubjec ted to f ar 

less  rr edation and parasitism than occurs in the firs t brood. \'Jhat little 

information is available on emergence and flight periods of predators and 

parasites (Appendix XXIII )  indicates that the largest proportion fly at the 

same time as the firs t flight of bark beet]£) s .  

It appears likely that when the beetles leave their firs t galleries  

and fly to another site ,  they le ave behind them mos t of the important predators 

and parasites . Hence the second broods , although fewer in number, are not 
< .  

subjected to  the same degree of predation as occurs in the firs t broods . 

In 1956, the second broods were farther advanced towards maturity 

by Sep tember th�n were second broods in 1955. This is because of ��e much 

earlier flight periods in 1956. vJhereas in 1955, second broods going into 

the winter Here c ompos ed of I, II and III ins tar larvae, in 1956 they were 

c ompos ed of I, II, III and IV ins tar larvae, pupae and a few tenerals . The 

pupae and teneral adults are not likely to survive the winter but the ]a rvae 

will, providing the winter is no more severe than that of 1955-1956. Winter 

mortality figures 1956-57 will not be available until overwintering logs are 

debarked. 

Survival and flight periods of young adults in 1956 which were reared 

in \1955 caged logs are shown in Fig. 4. Thes e adults developed from ]a t broods , 

established toward tho end of July, 1955. There were als o a number of second 
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TABLE XII - Summary of expos ed log debarking - 1956 
1s t Attack 2nd 

, Attack � 
� 

.F Tl � i Log kF 5 ; ilk S 11 � F 10 : .S 2 f" 1 F 3 S 6 t----------------------------����I ����'�--�' ---��-------------�--�, 
l Date of Debarking ,July 25 jJulY 25 -1 Aug. 8  jAug.l) ·Aug. ,Aug. Sept. Sept. ;  IN_er of galleries I 43 r;� 7 

. -6�O : -6�5 i l� ,2� ; :7 : � 
Average length of gallerie� 10.4  I 7 . 4  12 . 4 ! 9 . 9  1 10.6 15.3 8 . 5  I 

i I I 
15. 2 \  

I 
Average eggs per gallery j 13 

i
l l  0 0 :  0 : 0 I 1 I 

I-------------------------�' -----�---------_+-----_+------�-- �:----------�4-----�J 
Average larvae per gallery i 22 II' 8 28 15 I 23 i 4 f 1 I 33 i 

i i ; : I j 
• 

_\verage pupae per gallery i 0 
I 
! 
l 

Average tenerals per gallety 0 
\ 

Average e gg hatch per gal1Jry 31 
I 

o 

I 0 
I 24 

o 2 .0 

o o 
54 f 53 

! 

I, oj1 0 ( 0 . 68! 4 ! 
i' I 

T f I I 
I 0 I 0 ; 1.3 I o 

T 62 i 66 I ? ' r:'5 I . j :> 

i 
i 
j 

! 
J 

% of galleries with females 77 22 9 I 2 I, 0 ! 0 I 23 f 
T 6 

! I % of galleries with males 1 35 

f Average morta1it
,
Y due t 8 (pred. & par./ gallery 

i 
1 13 

� : Average unknown • mortality/gallery I 

, 
0 . 5  3 

/ I , Average survivors gallery ! 22. 5 I 8 
(all s tages ) I ;  

1 

4 

i 28 
� 

\ 
T 

I 0 

\ 
I ? i , 
/ 

I 0 1 0 
I i 

l ! O 
, ? i 

11 ; 36 39 63 
. 
! ? 

i • 

I 17 

I 
; i I 

I 23 i 3 I 2 
i 1 %  survival/gallery 73 33 52 32 3 7 1 5 

� (all s tages ) � ? 

o I 
l \ ? , I 

t 
1 i 

17 

38  

69 
: � --------------------------�-----�---------------�--------------------�----� 

iI. F - from Francis Creek Area 

ilk S - from S teamboa t Mtn. Area 
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TABLE XIII - Summary of caged log debarking 1956 (all firs t flight broods ) 

" 
LOG � t 3A I 2A lA j i /.; 

I 

� I ( 
28 to Sep t .  6 ;Date of Debarking Aug. 17 to Aug. 

! J It 23 Sept . 30 
I ii 29 31 I 24 jNumber of galleries 
f
:�verage le ngth of galleries 10. 7  11.0 9.4  

" 
!' 

12 13 4 Average eggs per gallery I; 
Ii 

;�verage 
II 

larvae per gallery 20 26 15 
I IAverage pupae per galler� 0 Oe3 10 

! .. i.verage 
ii 

tenerals per gallery 0 0 2 
I 
Lverage total hatch/gallery 31 44 53 

" 
l; 

48 42 p� of galleries "Ii th females . 20 
,. 
Ii 1% of galleries with males l 7 6 0 , 

.\verage mortality per gallery 11 18 I 26 
" 

Average survival per gall�ry 20 \ 26 I 27 , � , 
I . i% SurvJ.val per c:a.llery � 65 

! 
59 \ 51 

broods established in these s ame logs during mid-j�ugus t, 1955 . This flight 

in May and early June , as shown in F ire 4, occurred only in cages containing 

1955 caged l ogs . It does not appear in the wild popula t ion for reasons which 

have been dis cussed i . e .  heavy predation by predators and parasites , severe 

lethal affects of crowding due to many s trikes per s quare foo t of bark and 

s evere winter mortality of the survivors because mos t went into the overwintering 

s tage as pupae and young adults . 

Fig. 5 shows the emergence from a log caged in 1955 which was infe s ted 

at the time the wild populat ions were es tablishing their s econd broods . A 
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relationship is apparent i . e .  emergence occurred from the s econd brood ( caged ) 

logs (Fig . 5) in 1956 at the same t im8 as t he main 1956 wild population flight 

(Fig . 1 and 2 ) .  

In 1955 and 1956, there was a very small late flight of young adults . 

These adult s in b oth years were s urviving progeny of tLe firs t broods es tablish­

ed and their emergence in 1956 is shown in FiE. 6. 

Fig. 14 shows diagramatically the life cycle of t he female adult 

bark beetles and the development of progeny in 1955 and 1956. It was the 

se cond brood, as illustrated in Fig. 14 which was respons ible for the main 

flight in early July of 1956. 

A summary of the dis cuss ion in this s e c tion is as f ollows : 

(1 )  In July, e gg hatched in 6 days . 

(2 ) In L.ugus t the pupal period las ted for 5 - " 6  days 

(3 ) Broods in 1956 were es tablishe d  2 - 3 weeks earlier than in 

1955. Development from egg to adult took 60 days in both years . 

(4) First broods suffered up to 95% mortali ty by Septe mber . This 

mortality was caused mainly by predators and paras ites and the 

dire c t  and indire c t  effe c ts of crowding . 

(5 ) A small flight of survivors from the f irst brood commenced 

Sep tember 7 .  

(6 )  T'ne s e cond brood in 1956 went into the Hinter in all s tages from eg 

to teneral adult. There Has a high proportion of III and IV 

ins tar larvae . The s e cond b rood in 1955 went into the winter 

in all s tages from e gg to III ins tar larvae . 

( 7 )  L.vailable evidence sl;gges ts t hat se cond broods suffer much les s  



- 53 -

mortali ty from predators and pe.ras i tes than firs t broods . 

( 8 )  In the wild population, the main flight of beetle s  is composed 

of survivors of the second brood, which were established the 

preceding season. 

14. THE EFFECT OF THE ENVIRONI'-f;�NT:� L PRESSURES ON THE LIFE CYCLE ;'JID .;l.BUND:.NCE OF 
THE MOUNT1�IN PINE BEETLE 

The life cycle and abundance of the mountain pine beetle is a result 

of the population response to environmental factors . Little is known of the 

intrins ic survival quality possessed by individual insects nor how these qual-

ities influence longevity. The overall effects of the mos t obvious environ-

mental fac tors , however, can be determined on a quantitative basis : i . e .  the 

variation between insects in their resistance to low lethal temperatures may 

not be  known but the direct reduction in the population due to low lethal 

temperatures can be adequately estimated by determining percentage survivors . 

From the investigations to date, it is apparent tr..at there are four 

main limiting conditions or environmental pressures which operate in the 

experimental area. These have been discussed in earlier sections , and are 

summarized in Table /:IV .  It should be noted that food is  not included. Food 

is the mos t important single factor in the ins ects environment and no extensive 

increase in numbers can occur unless there is an adequate supply. However, 

the mere presence of a large food s ource does not automatically result in a mounta� 

pine beetle outbreak . Other favorable conditions mus t exis t. Within the 

experimental area, food in the form of large diameter lodgepole pine is avail-

able but is not abundant . The s tands are mixed, Douglas fir and lodgepole pine 

being the dominant species . It is �ikely that in this area food is an important 
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Fig. 14. Illustrating lire cycle of' f'emale adult bark beetles and development of' 
progeny . 1955 and 1956. Parent adults killed by low temperature in 
winter. Main portion of' f'light occurred f'rom July 25 to August 9 in 
1955 , main portion of' f'light occurred f'rom July 7 to July 17 in 1956. 
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limiting factor to further increase in ins e ct abundance. However, even if the 

population Has ;.lore abundant than at  present,  the factors as summarized in 

Table XIV would sti ll cons titute tLe most important environmental pressures 

and the life cycle Hould remain the same for the ,x:!riod under dis cuss ion. 

It is the intent in this section to illus trate how tLe life cycle 

in particular and abundance in general are determine d by these four major 

environmental fac tors . The effect of each factor is dis cussed and illus trated 

separately. The order of their appearance in this theoretical environment 

is arbitrary. The end effect is the same however, and that is a life cycle 

and abundance which is a direct reflection of the combined intens ities of thes e  

environmental factors . These s ituations des cribed in Figures 15 to 19 are 

hypo thetical . It is not intended that they be regarded as exact descriptions . 

In particular, Fig. 15 c ould be represented graphically lvi th much more detail 

than is evident in Fig . 16, and even Fig .  15 itself, could be drawn out in 

much more detail. H01-leVer, these figures are cons idered to  be adequately 

presented in consideration of the supporting data . 

In Fig. 15 is illus trated the egg laying history of a single female 

and alao the periods when these broods will emerge as adults . For example, 

it is theorized that eggs laid in 1955 during July 15 to July 31, will hatch, 

develop, and adults emerge in Sep tember, 1955, Nay, 1956, June, 1956. Broods 

es tablished in Augus t,  1955, will emerge as adults in June, July and August,  

1956. Broods es tablished in September, 1955 will emerge as adults in July, 

Augus t,  September of 1956. Broods es tablished in Lay, 1956, will emerge as 

adults in July, August,  1956. Broods established in June 1956 will emerge 

as adults in Augus t, September, 1956. Broods es tablis hed from July 1st to 15th 
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Fig . 15 . Showing theoretical egg laying history of' a single f'emele conunencing 
July 15 , 1955 and contiInling to July 15 , 1956. No egg leying occurs 
during the winter. The period wIlen tIlese broods emerge as adults is 
also indicated. 

' j  , . . . 
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TABLE XIV Summary of Important �nvironmental Factors 
�
Operating in the 

Experimental Re gion 1955-56 

Factor 

Cool '\lI!ea ther 

Crowding 

Pre dators and Paras ites 

Low w inter temperatures 

Res ul t  

- in effect Harch, April, May, 
September, October . 

-

causes slowing down and cessation 
of growth 

- reduces egg laying and egg ha tching 

dire c t  e ffec ts occur mainly in July, 
August ,  SE:ptember. 

) 

- direc t  and indirec t  e ffects caus e  ! 
approximately 50% mortality in first 
broods . Probably less in second 
broods . 

direc t  effects o ccur mainly in 
July and August .  I 
caus ing approximately 50% mortality 
in firs t broods , probably less in 
second broods . 

in effect November to February 

unless pro te c ted by s uffic ient 
snow cover - large p ercentaf,e of 
adults , pupae, e ggs , I ins tar larvae 

destroye d .  

- with s now 
ality but 

i 
i 

cover, significant mort- j 
less than exposed broods � 

! 



- 56 -

in 1956 will emerge as adults in September, 1956 and May of 1957 . It is 

assumed that egCs are la id at a cons tant rate , all e ggs are viable , all 

hatch) all larvae deve lop and all s u ccessfully emerce . The progeny of these 

emergents do not enter into t he dis cuss ion .  In Fig . 15, this female is 

cons idered to lay eggs from July 15, 1955 to July 15, 1956, �t which time s he 

dies d� to old age (Sec .  11 ) .  

In nature , the firs t c ontradiction to t he hypothetical picture 

des cribed in FiG .  15, is that the parent female has a much shorter reproductive 

life span than is indi cated in this figurE; (Se c .  11 ) .  The reproductive life 

span, for purpos es here, is cons idered to extend from July, 1955 to September, 

1955. Therefore, in referring back to Fig . 15, this shortened reproduc tive 

life span means there are no broods e s tablished by this parent female in 1956, 

and hence no emergents from b roods established in 1956. When, in addition to 

the shorte ne d  life s pan of the parent, cool fall and sprin[; temperatures are 

allowed to operate in the environment, then emergents of the broods can be 

visualize d  as illus trated in Fif. 16. The c ool weather, especially in the fall, 

is effe c t ive in reducing s ize of the broods ( ,Se c .  12 ) ,  as well as reducing 

rate of development in the sprinr and fall (Se c .  13 ) .  The rectangles ,  surr­

ounding these curves ,  represent the theoretical abundance when no environmental 

pressures existed. 

Figure 17 represents emergence when in addit i on to reduced l ife span, 

and cool weather, the le thal e ffe c ts of c rowding occur . Evidence indicates 

that this fac tor causes ap?roxi mate ly 50% plus mortality. l'1ortality resulting 

from the crowding is apparent in Fig . 17 when this figure is compared t o  

Fig. 16. 
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vihen, in addition to reduced life span, cool weather and crowding, 

the e ffec ts of ?redators and ?aras ites are allowed to operate in this hypothe t­

ical environment, then s urvival is reduced to the level illus trated in Fig . 

18. In the experimental area , mortality to firs t broods from predators and 

paras ites lias es timated at c lose to 50% (S e c .  7, 8, Fig . 11 ) .  Hortality in 

later e s tablished broods is not believed to be as high. In comparing 

September and Hay emerg-ence therefore in Figures 17 and 18, there is a con­

s iderable reduc tion which can be attributed to the action of predators and 

paras ites . The ma in July flight is reduced to a lesser degree .  

Figure 19 represents emergence in the same brood when the lethal 

effe ct o f  low winter temperatures operates in addition to reduced life span, 

cool weather, crowding, p redators and paras ites . Low winter tempera tures in 

1955-56 caus ed very heavy mortality among certain overwintering s tages (Sec . lO ) . 

It is evident that s ome s tages are more res is tant to low temperatures than 

others . The s omewhat s canty evidence available to date sugges ts that eggs, 

I instar larvae , pupae , t cneral adults , and mature adul ts are less res is tant 

to low temperatures than II,  I II and particularly IV ins tar larvae . There 

is t he refore a d ifferential mortality attributed to low winter temperatures . 

Still in relation to Fig .  19, survivors of b roods e stablished in 

July, 1955 emerge in S eptember, 1955 or overwinte r  as young adult s and tenerals , 

pupae, and a few IV ins tar larvae . �vinter mortality in all s tages except IV 

ins tar larvae was very s evere , hence the emergence curve in �fuy 1956 is much 

reduced from that in Fig . 18. 

Again in relation to Fig . 19, broods e s tablished in August 1955 

(Fig. 15) overwintered in the following s tages at the indicated pe rcentage : 
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eggs and I ins tar larvae (20% ) ; II , III, IV ins tar larvae ( 60% ) ; pupae ( 10%) ;  

tene rals and younG adul�s (10% ) .  Broods es ta blished in September, 1955, over­

wintered as f ollow s : eggs (60% ) ;  I and II ins tar larvae (30% ) ;  I II ins tar 

larvae (10% ) .  Mortality in these broods due to low temperatures was comple te 

for e ggs and I ins tar larvae , high among p upae, and tencral adult s .  110rtality 

among the II, and pr�rticularly the III and IV ins tars was slight . 

The sum total effe ct of low temp eratures to overwinter ing br oods w as 

to reduce the ir numbers, and by differential mortality ( i . e . ) heavy mortality 

in the early and late s tages , s light mortal ity in the in-between s tages ) reduce 

the period in which the mai n flight o ccurs . 

The life c yc le and relative abundance which results from all the s e  

factors i . e . 1) reduced life span, 2)  cool weathe r, 3 )  crowding, 4)  predators 

and paras ites , 5 )  low winter t emperatures , is shown in Fig. 19 .  

The actual flight periods , as they occurre d in the expe rimental area 

in 1956, are als o des cribed by Fig . 19. 

It s hould be noted here that the full impact of thes e  factors , ac ting 

as controls , are seldom realized. For example , more inse cts w ould be des troyed 

by low temperatures if greater num� ers of them had survived depredation by 

predators . S imilarily, more ins ects would have been des troyed by crowding if 

cool weather was abse nt at certain periods . The e ffe c tiveness of e ach factor 

likely varies in different regions and in different years . However, the writer 

believes that while certain factors may result in greater mortality than o thers , 

they are not necessarily the mos t important in the ir influence on the s urvival 

of t hat population. It is likely als o that the relative importance of e ach 

factor varies in different regions and in the same region in different years . 



SEPTEMBER 1955 

SEPTEMBER 1955 

SEPTEMBER 1955 

-
SEPTEMBER 1955 

WINTER 

WINTER -
MAY 

JUNE 

JUNE AUGUST SEPTEMBER 

SEPTEMBER 

. 
JUNE JULY AUGUST SEPTEMBER 

Fig . 16 . Illustr ating
' 

emergence a¢ abundance when the reproductive life span 
of tIle female is limited to the period from July to September, and one 
enviromnental pressure is allowed to oper ate : i . e. cool weather in 
spring and f all . The rectangle represents emergence when no environ­
mental pressures oper ate. 

-'.- --'" ._-" --- - - ----- . .  ---- ------
Fig .  17 . Illustr ating emergence and abundance when reproductive life span is 

reduced and the following enviromnental pressures are allowed to 
oper ate: 1 )  cool weather 2) crowding. 

Fig . 18. Illustr ating emergence and abundance when reproductive life span is . '  
reduced and the follOwing enviromnental pressures are allowed to C', 
oper ate: 1) cool weather 2) crowding 3) predators and f 
_part1si�s ,,- .  ___ __ . _� __ � . .  __ _____ � .. . >-J�b 

Fig .  19 . Illustr ating emergence and abundance when the reproductive life span is 
reduced and tlw following enviromnental pressures are allowed to 
oper ate:  1 )  cool weather 2) cromiing 3) predators and para:"" 
sites 4) low winter temperatures . 

(Note:' This figure also represents actual life cycle as it occurred 
in the experimental area '- 1956 . ) 
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The one object of the prolific reproductive capa city of these insects 

is maintenance of a breeding population for the following year. In the cas e 

of the mountain p ine beetle population in the experimental region during 1955 

and 1956 it is believed that the forumtion of the next years breeding populat ion 

was initially determined during a rela tively brief period in late Augus t and 

early S eptember .  The broods es tablished in this period are s ubjected t o  les s  

in�ens ive environmental pressures . I t  is believed ,  a t  this s tage o f  the inves t­

igation that an intensive s tudy is warranted into the mechanics of this breeding 

popUlation i . e .  its formation and its survival. 

15. SUM}�RY AND CONCLUS IONS 

1 .  The bulk of the ma in  flight in the experimental area occurred from July 7 

to July 16, 1956. A s e cond flight by these same adults o ccurred from 

July 24 to Augus t  5 .  The number o f  egg galleries established by the 

second flight was cons iderably less than the number established by the 

first flight. The flights occurred from 2 t o  3 weeks earlier in 1956 

than in 1955. The reas on for this is attributed to the unusually high 

temperatures in April and Hay. 

2. There were s ignificant differences in emergence from caged logs and from 

exposed logs in the experimental area . Emergence in 1956 from logs caged 

in 1955 indicated a definite flight period in Hay 1956. This flight , from 

caged logs , was composed of s urvivors of the firs t broods es tabl is hed in 

1955. 

Survivors of broods es tablished in caged logs during the s e c ond 

flight 1955, emerged in July 1956. It is interpreted from this that the 
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main flight in July by the wild population was c omposed of s urvivors of 

the s e c ond flight broods e stablished in 1955. 

3 .  The minimum period for development o f  broods in 1956 WaS about 60 days . A 

large proportion of the firs t b roods in caged logs were able to complete 

development. In 1955, 60 days was als o  the minimu'7l tide for development 

but only those r�latively few broods in gallerie s  which were es tablished 

in early July were able to take advantage of the optimu� period of growth 

(July - AUGus t ) . 

The :ninimum incubation period for eggs ,,,ras 6 days, in July. Viable 

egGs in 1956 were laid into October but due to cold vleathE:..r none hatched 

which were laid after Aurust 2 2 .  

The lOinimum period for pupal development was 5 days , in Augus t.  It 

is suspected that pupae are able to  comple te development at lower temper­

atures than those which will pernut egb hatching or prepupal development. 

4. In the wild popula tion, young adults , survivors of firs t broods , commenced 

emerging on September 7. They would have emerged earlier if the weather 

during late August and early September had been conducive to flight. They 

c ontinued emerging until October 9 . These young adults e stablished e gg 

galleries but due to cold weather, no eggs hatched. 

In the wild populations , second flight broods went into the over­

wintering period as eggs , I to IV ins tar larvae , a few pupae and a small 

number of tenerals . The development of these second b roods was more 

advanced in 1956 th2n in 1955 due to their having an earlier s tart .  

5. Firs t f1i�'ht broods in car,ed logs l,.ere protected from predators and paras ites . 
Hortali ty in these broods by September was approximately 50%. This mort-
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ality is attributed largely to the direc t  and indire c t  effe c ts of crowding. 

6. Firs t fli ght broods in exposed logs were subjected to predator and 

. paras i te pres sure . Lortality in these logs by S ep tember w as approximately 

95%. This mortality is believed to have b een caus ed by c rowding (50%) and 

the e ffe c ts of predators and parasi tes (45% ) .  
7 .  While only one eA'P osed log containing se cond flight broods was d ebarked, 

these b roods s howed a s urvival of 69%. The �ortality anong these broods 

is attributed largely to e ffec ts (dire ct and indire c t )  of crowding. It 

is believed that thc grc2. tes t  ;Jre:ssure by pre dators and paras ites occurs 

on the firs t flight broods . 

8. Winter mortali ty is an important fac tor in bark beetle abundance .  Winter 

temperatures were lower in the Eisenhower Field Station region ( Banff Nat­

ional Park ) than they were in the experimental region (Eas t Kootenay) .  

Winter mortal ity in overwintering bro ods was comple te in lo gs above s now 

line at the Eisenhov18r Field Station. In the experimental area, snow 

cover of 18 inches gave broods cons iderable pro tec ti on .  La.te larval 

ins tars appear to b e  the nos t  res istant to low winter temperatures .  In 

the experimental area vcry little r.lortality occurred in these s tages , 

whether they overwintered in lo�s above the s now line or be low the snow 

line . No eggs success fully overwintered .  �arly ins tar larvae , especially 

I ins tar, appear to have s uffered s evere mortality. Adults suffered heavy 

winter mortality i f  they overwintered in logs above the s now line . l1ort­

ality in adults 1,.-Jas approxir1ate ly 50';:' among thos e which overwintered in 

logs below the snow line . 

9. Winter mortality reduced survivors of the firs t flight broods to an 
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insignificant number because most of these entered the overwintering period 

as young adults . 
. 

10. Second flight broods in 1955 , overwintered as e ggs , I, II, III, and IV 

instar larvae . Heavy mortality occurred in the egg, and I ins tar larvae 

and les s  in the II ins tar. The total effect of 10lv winte:r: temperatures 

on t his brood vms to reduce the number of s tages . The highes t percentage 

of survivors t'iere late ins tar lCJrvae . This grouping was reflected in the 

relatively short flight period in July. 

11. Parent adults , ovenvintering with the second flight broods , suffered heavy 

mortality. Their egg laying p otential by spring was not s ignificant. 

12. Ten spec ies of nematodes 'liVere found associate d  with the mountain pine 

beetle broods . SO:"1e spe cific information is known about Sphaerularia has tata 

and Aphelechoides sp . The former is known to be l�rgely an internal 

paras ite . Heavy infes tation by �. Ims tata reduced fecundity and eventually 

destroys the adult beetle . They are able to move from gallery to gallery 

independent of the host .  I t  i s  suspected they enter the body cavity of the 

host through the oral c avity. They are most abundant in the body cavity. 

They are c ommon in the reproductive organs and may cause the female to lay 

non viable eggs . They have not been found to paras itize eggs , larvae , or 

pupae . 

Aphelenchoides sp . is believed to be non paras itic on bark beetle 

broods . It is transported from tree to tree by attaching itse lf along the 

jugal fold of the membranous wing. They are able to move freely through 

the bark beetle galleries and to move fro� gallery to gallery. 
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13. Bark beetle ma ting was obs erved s oon after the male entered the gallery, 

which had been c ons truc ted by the fenale . EgGs are ejected rapidly into 

egg nitches .  The female makes no spe cial effort t o  cons truc t egg nitch 

plugs . Thes e  are forr1ed as a na tur<:'.l process as the fenale moves up 

and down the (:allcry. In s o  doing s he forces lOOS E:  bits' of boring dust 

into the egg nitches . In 2. s hort time these e gg nitc hes in the s ides of 

the gallery are filled. 

The male commonly be comes sealed off from the female by a packed 

c ore of boring dus t. The male then leaves the gallery. 

14. A pattern of egg laying is apparent in the e gg galleries . This pattern 

is believed to be as s o c iated with definite gross internal c hanges which 

occur in the female as s he elongates the gallery and lays eggs . These 

changes within the female are s trongly influence d  b y  mating. 

It is interpreted from available evidence that it is the presence 

of the male which determines the number of galleries es tablished by the 

female, the number of galleries c ontaining viable eggs , and the length 

of individual galleries . Unmated females c ons truc t up to 4 galleries 

per seas on. 

15. In caged populations , a sex ratio of 0.4 (males
f 1 ) resulted in all ema es 

the females being mate d .  In the wild population, having a s ex ratio of 

0.43, very few galleries were debarked which did not contain viable 

eggs indicating all females had been mated . One male mus t mate w ith at 

leas t two females , each in a s eparate gallery. It is important therefore 

that the males do not remain long in the firs t gallery they enter. 
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16. It is not poss ible at present to determine the average reproductive 

life span of the beetles emerging during the main flight because an unknown 

percentage are des troyed before they succeed in initiating their first 

gallery. It is suspe cted that only around 10% - 20% of those  which do 

succeed in establishing a firs t gallery, are successful in establishing a 

second gallery. Very few of these b�et1es succeed in living through the 

winter. 

The average reproductive life span of those which succeed in 

initiating one egg gallery is Estimated near 21 days . ThE average reprod­

uctive life span of those which suc ceed in es tablishing a second brood is 

estimated to extend from the time of emerge�ce to when their las t e ggs hatch 

in late August. This period in 1956 would be approximately 42 days . The 

abundance of the next years breeding s tock is initially determined by the 

number of females which succeed in es tablishing s econd egg galleries and 

by the temperatures prevailing during the time the sec ond brood is be ing 

es tablished. The effective reproductive life span in eny year can show 

cons iderable flexibility, depending laxgely on temperature . 

17. The four environmental factors mos t important in modifYing the life cycle 

and abundance of the bark beetle on the experimental area are as follows : 

1 )  cool weather, especially in the spring and the fall; 2 )  the low 

temperatures in the winter; 3 )  crowding; 4)  predators and parasites .  
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18. APPENDICES 
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APPENDIX 1 - Re cord of Gc lleries Analysed by inches .  All galleries complete . 
(1 inch to 9 inch galleries )  

;, 

Total length :1 Inches along gallery � 
, of gallery )! 1 2 3 4 5 6 7 8 9 j 

;1 I 
, ' I i,! Eggs per inch 

� 

! 5 1t L 0 2 3 2 0 i 
· 1  t .  ----
F 

6 1t il 0 2 5 2 0 0 
� a 5 5 1 1 1 
. .  I! I: a 3 2 6 3 2 0 7" It 0 0 5 6 4 2 0 !! 0 4 10 21 1 0 0 H o  11 7 9 2 0 0 t1 a 4 7 6 1 0 0 
I' 0 3 1 6 4 1 a 

JI : 4 6 7 8 6 0 0 
: 0 7 10 9 8 a 0 
. 0  5 8 8 1 0 0 ',' a 2 7 6 2 a 0 o a 1 4 2 a a 
; :  a 5 5 8 3 a 0 
t! 

8" r a 7 6 5 4 3 2 1 
1 0  1 5 3 2 0 a 0 
l i � 5 5 5 8 6 2 0 1 I: 0 5 10 8 3 2 0 0 I' : ' 2 7 8 5 3 0 a �. _ I  

9 ft 0 5 6 7 7 3 3 5 3 ; ---1 o 5 8 8 7  6 3 3 a 1 
- -----.. _--- �--.---�-.-�----.---.. -.. -�---
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APPENDIX II - Record of Galler ie s  Analysed by Inches . All galleries c omplete (10 inch to 18 inch galleries ) 
, ________ � _ L� 

Total length i! Inches along gallery 
of gallery p 1 2 3 4 5 6 7 8 9 10 11 12 13 

10" 

12" 

13" 

J Eggs per inch 

\1 2 7 7 7 3 4 4 1 0 0 !li 0 7 11 6 7 6 5 3 3 0 
' 5 6 6 10 9 5 5 4 0  0 h o  5 7 8 6 4 2 2 0  0 U 0 10 15 12 14 7 7 4 3 0 )i O 0 8 6 6 9 6 5 0  0 II 0 6 6 5 7 7 7 6 6 7 1 0 
' 0 3 5 6 7 5 7 5 0 0 0 0  1 0 3 6 6 e 6 6 4 4  1 0 0  

2 4 8 12 14 12 11 12 9 2 0 0 
0 6 6 5 7 7 7 6 6  7 1 1 0 

'I 0 7 7' 7 7 5 7 3 2 4 2 0 0 
I' 1 5 6 4 8 5 8 8 6 3 2 1 1 rt 0 7 13 9 6 5 7 7 5 4 3 0 0 

14 

14" ii 0 4 4 4 7 8 7 8 7 5 4 2 1 0 f 

15 

15" 1 0 2 5 7 7 8 7 13 6 7 4 5 6 2 0 
f 0 1 4 3 6 12 6 9 6 7 4 3 4 0 0 

16 

16" 11 0 3 5 7 6 6 9  7 6 7 3 5 2 3 1 0 
' 0  4 8 16 7 9 12 4 11 6 10 7 6 7 6 2 

17 
I 

18 ! 

1811 .' 0 l '  6 6 6 3 4 2 5 7 5 6 4 6 4 7 3 0 
!) 0 4 9 6 5 6 7 8 10 6 7 5 3 3 2 0 0 0 ,  i; 0 1 6 6 6 3 4 2 5 7 5 6 4 6 4 7 3 0 I 
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J'�PPENDIX III - Record of Galleries - Analysed by Inches - All Galler ies incomplete (s till being extended at time of 
debarking ) 

\ Total length
, Inche s  along gallery i 

of gallery l 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3� [; Eggs per inch � � 0 0 3 7 3 4 3 5 
9" ri 0 8 7 4 6 6 3 9 5 , 

ij 2 5 8 12 12 10 4 6 3 I � 0 3 3 5 6 8 6 3 3  . 
13" : 0 4 4 4 7 4 9 12 8 10 7 7 6 ;  
14 It n 0 4 3 9 19 12 9 12 14 12 D 8 12 10 : 

. 2 3 6 8 9 7 5 5 6  3 3 4 6 3 I 

16" r. 0 5 7 6 6 3 5 2 6 6 5 4 4 5 5 2 ! 
17" t: 0 1 6 6 6 3 4 2 5 7 5 6 4 6 4 7 3 1  
18" I: 0 6 14 11 12 13 12 11 11 8 7 9 7 9 5 4 5 4 r 0 1 5 4 1 0 1 0 0 1 2 3 2 4 4 4 7 6  
19" ;: 0 7 15 11 12 D 13 13 14 Jl 9 9 8 9 7 6 7 7 4 

11 0 9 9 11 11 8 5 8 6 6 7  7 8 4 5 3 4 3 6  
L 

20 n Ii 2 3 10 5 5 3 6 5 5 4 6 4 4 7 7 6 4 3 3 3 ! 
21" I 0 6 11 3 2 1 1 2 3 4 7 7 7 6 9 8 4 3 5 4 8 !  
27 " ). 0 8 8 2 6 8 8 J1 12 13 14 10 8 7 7 8 4 4 7 6 5 ·  5 h 3 2 3 4 I 
28n I 0 6 13 13 11 9 7 10 10 12 10 12 10 7 13 9 9 7 10 9 7 10 5 5 7 7 9 8 I 
2911 t 2 8 9 9 6 4 7 1 9 6 9 6 7 5 6 7 11 12 10 7 II 12 10 10 9 2 2 2 t 6 I 
34" ! 0 7 16 10 9 7 6 12 12 8 12 14 4 12 11 9 9 11 8 5 6 5 6 2 3 ) 4 6 7 7 4 3 6 8 7 i 
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APPENDIX IV - Summary of Female Dissections - 1956 (These were young 
unmated adults which Here dissected immediately follovling 

their emergence ) 

j wg Date of Emergence 1J'ling Muscle i Fat Body ! Condition of Reprod� I 
Condition i Condition , uctive Organs & Mis e;. ; 

B9 July 17 Hass ive Conspicuoud Reduced and non-

I " 
functioning 

July 15 " " " " July 11 " " " 
II July II " II It 
11 July II II " " 
A6 June 25 II " II 

I " June 13 t It " II 
II June 13 '. " " " I � I " June 13 II I II II , II June 13 I " " " 

I " June 13 " II II 

I j " S sept. 13 " " " 
! " Sept . 13 i " I " " i 

I " Sept. 13 " " It I t It Sept. 13 I " I Ii 11 I II J 
Sept. 13 " " " , f F Sept.  20 " I " " 

I " Sept. 20 t " " " I 
• II Sept. 20 I I  I " " 
, 11 Sept. 20 " t " " . 
' s  Sept.  20 " " 11 
; 
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APPENDIX V - Summary of Female Dissections - 1956 (These  females had been 
mated and 'VJere known to have been laying eggs immediately prior 

their being dissected ) 

Log 

X3 

X2 

no 

S8  

S 7  

PI 

P6 

Length of � Number of da� 
gallery I gallery estab., 

ins. ! lished ! 

9 

9 

10 

4 

3 

9 

5 

14 

21 

16 

7 

7 

13 

8 

Male 
present 

x 

x 

x 

x 

x 

x 

x 

Wing � Fat \ Condition of 
muscle I body ! Reproductive l 
condition t conditionl organs & misc .. 

I 
Degenera tel· Common ! Well developed 

; & func tioning : 
II scarce ! " ! 

I I I 
" " " 

mainly degl common " 
enerated 

" II II 
! 

" " II 

" II II 

APPENDIX VI Summary of Female Dissections 1956 (These mated females had 
ceased laying eggs s ometime before dissection. This was known 
by the pattern of egg laying in the galleries . These galleries 
were established during the main flight around July 11, and 
were debarked from 2 to 3 weeks later ) .  

Log Gallery 

F5 29 

" 32 
" 36 
" 40 

length of 
Gallery 
(ins . ) 
16 

7 
10 

15 

Male i Wing Mus cle 1 
Present : Condition I 

\ 
r 

Massive I 
x I 

i 
l 

tt 

It 

" 

Fat Body Condition of . 
Condition reproductive 

organs & Misc. 

Abundant Reduced and r , 
non-functionihe 

II " i 
" " i 
" " 

7 It " " 

10 II II " iS�l 1 
4 

10 " II " I " 6 I 
I 

13 II " II I " 13 , 
12 It " II I " 24 , , I 



APP�DIX VII - S u�mary of Female Dis s ecti ons - 1956 ( The s e  young unmated 
fe��les , irr�ediately after emerging were placed in s eparate 
glass conta.iners and were allowed to feed on s mall pie ces of 
old bark for per iods of from 2 to }_O days ) " 

II " 
4 

I 
i t1 
) II 

II 
I n 

I 6 

I I I  
I " 
I " 
I 
I " j I I  

I 8 

! 
T f 

Intes tinal 
tract 

Partially 
fuJ� 

!I 

It 

" 
" 

Partially 
full " 

II " " 
Partially 

full 
I I  
I I  " 
n 
t! 

Partially 
full 

i Wing Hus cle 
condition 

l�as s ive 

11 
II 

1/ 

it  

Has s ive 

II  
" 
11 

I I  

Hass ive 

II 
n 
I I  
n 
n 

Mass ive 

Fa ::' Body 
condition 

Abundant 

" 
n " 
II 

f Abundant 

" 
n 
II 
n 

Abundant 

" 
II 
" 
II 
II 

Abundant 

I II II n " 

Condition of repToduct ive 
organs and mis cellane ous 

Reduced and non-functioning 

II 
ff 
!I " 

Reduced and non-functioning 

" 
" 
" 
II 

Reduced and non-func tioning 

" 
" 
II 
II 
n 

Reduced and non-functioning 

" 
II I " I " " 11 " " l -� �-----:: _______ � _____ :: ________ � __ :_; ______ -+ ___ !�tiallY ��s s ive Abundant Reduced and non-functioning � I full 

I t  II 
n ! " 
11 I " ( " It 

II 
n 
I I  " 

" 
I I  
" 
It 

II 

" " 
" 



APPENDIX VIII - Summary of Dissections - 1956 (These young unmated females ,  
immediately after emerging, were placed in separate glass 
containers and fed on fresh moist bark for periods of from 
2 to 10 days ) .  

f-ge in 
; days 

i 

I 
! I I I 

I 
I I 

f 

2 

" 
" 
" 
II 

4 

II 
" 
n 
" 

6 

" 
" 

" 
" 

8 

" 
" 
If 
" 

10 

" 
" 
" 
" 

Intestinal 
tract 

Partially 
full 

11 

" 
II 
II 

Partially 
full 

" 
" 
" 
" 

Partially 
full 

" 
II 

11  

" 

Partially 
full 

" 
" 
II 
" 

Partially 
full 

" 
f1 
fI 
" 

Wing Huscle : 
Condition 

Massive 

" 
" 
" 
" 

i 

I Hassive 

t II 
1 II 

I " 

i II 

i Nassive I 
" 

Some degen-
eration j H.a.ss ive 
Some degen-i er.a.tion 

I I 
t 

I 
! 
I 
! 
( 
.. 
i , 
! 

Nassive 

" 
II 
" 

Some degen-
eration 
r'lass ive 

II 
" 
" 
II 

I 

i I 
i I , 

Fat Body 
Condition 

Abundant 

" 
" 
" 
" 

Abundant 

" 
II 
II 
" 

"\.bundant 

" 
Scarce 

Common 
Scarce 

Abundant 

" 
" 
" 

Scarce 

Abundant 

" 
II 
" 
11 

I 
I 
1 l 
I I 

i 
I 
t 

I I 

it , • 
i 
, 

Condition of reproductive 
organs and mis cellaneous : . : 

Reduced and non-functioning 

" I 
tl 
" 
It 

I 
Reduced d f t '  , !  an rnn- unc lonlli 

I 
Some increase  in size I 

" I , 
Reduced and non-function ' 

I I  J 
Reduced and non-function 

i 
" I I 
" ! ! 
11 I 

Some increase in size I , 
Reduced and non-functionf ng 

Reduced 

" 
" 
" 
" 

and non-function 

" 
" 
» 
f1 

I 
I 
I 
I 
J mg 
j I 



LPPENDIX IX - Summary of  Dissections - 1956 (These unmated females were 
all�led to establish galleries immediately following their 
emergence and after 7 days they were removed from their 
galleries and dissected ) .  

Gallery 

1 

2 

3 

4 
5 

6 

10 

Gallery ·. Numbers of l�ing 
mus cle 

condition 
length eggs 
(ins . )  laid 

4 

3 

3 

3 

1 

1 

3 

9 

o 

o 

o 

o 

o 

o 

: mainly 
: degenerated . 

" 

" 

" 

i 
i Partially 
; degnera ted . . 
1 I 

Ma . t SSlve 
i 

� Mainly 
degenerated 

Fat body 
condition 

Abundant 

" 

" 

" 

II 

" 

" 

; Condi tions of rep rod­j uctive organs 
; I Enlarged and function­
i ing. Eggs not viable , �nl�rged but non-funct_j' 
i l.Onlng ! , I " I I . I II I I \ : Slightly enlarged, i non-functioning 

I Reduced and non-funct-
i .  • ! lonlng 
; 
Enlarged but non­

. func tioning 



APPENDIX X - Summary of Dissections - 1956. (These unmated females were 
dissected after they had been establishing galleries for 28  
days (in log Yll ) 55  days (in log YlO ) .  These females were 
reared separately from pupae . Gallery length refers to the 
gallery in which the females were located when exposed ) c  

Log 

ru t 

i 
' no i 

I 
I 
i 

I 
i 

Gallery Length 
(ins . ) 

4 

4 

6 

9 

9 

9 

4 

7 

2 

! 

1tJing muscle 
condition 

Degenerated 

" 

" 

" 

" 

" 

" 

I I  

I I  

I 

j 

Fat body 
condition 
Scarce 

n 

It 

It 

l'..bundant 

II  

" 

" 

II 

Condition of reproduct� 
i ive organs 

Mature but very small 

I .J:;n.Larged, matu:-e , norma.L 
i size, but no eggs laid I 

n f I 
, ! Ua ture, but reduced in I 

s ize e One oocyte, degl: 
enera ted in ovariole . ; 

I Enlarged, mature , normal 
size but no eggs laid I 

J 
! Mature, norrr.al, one ooJyte 

de gene ra ted in ovariolel 

I Ha ture, normal, no eggs!,' 
laid 

t 
Mature , normal size, sev­
eral non viable eggs laid 

II 



'. 

"-

. 

APPENDIX XI - Summary of Dissections - 1956 (These dissections were made 
in early October. All these parent females established large 
broods as indicated by length of galleries .  Egg laying had 
ceased due to cool weather. These dissections illus trate to 
some degree , the condition of females immediately prior to 
the overwinterine period) . 

! • ; 
Length of Gallery l Male Present : Wing Huscle , ! condition 

! Fat Body , Condition of Reprod-
(ins . ) I condition ; uctive or�ans 

, I I, 
31 (dd ) , Degenerated I Lbundant I 

x I Reduced and non-

I 
I functioning I 

42 x i " I If ! II • I 
I ! i , 

35 x II I Common i " 
I I , 

16 I II J.bundant I " x , 
! 

15 x II Common i " I 

24 
j " l�bundant I " i I 
t 

27  II Lbundant ! Reduced and non-
functioning but , 

! c ontains 2 mature 

! 1 00cytes 
i 26 x (dd) " I Common l Reduced and non-

I ! [\IDC tioning I I 
37 I \ " I " ! Partially reduced, 

j ! non-functioning I 15 " , ? ! " , 
I , 
! Abundant 

i 
j 

9 " Normal size but non-
i : functioning 
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f.PPENDIX XII - Cage 1 

10 Females 

Date gallery ! Length of 
established ; Gallery 

i (ins . ) 

released July 9,  1956 - Log Debarked 
(Log n) (no eggs laid) 

.'idult Present 
Female Male 

Brood i (all s tages ) ,  
, I 

July 23, 1956 

Remarks 

j 
July 9 3 x I July 5, 1 female 

II 4 x 

" 3 x 

II ! 2 x 

I 
4 II I x 

" ! 3 x 
I 

" I 
2 i x 

II t 7 x . 

!\.verage length unmated gallery . 3 . 5  ins .  

Average number of galleries/adult � 1 

i I , 
! 

, • 
dd. 

I ! 
I I i 
! , ) 
I 



-. 

APPENDIX XIII - Cage 2 

9 Females Released with 1 male July 9, 1956 - Log Debarked 
September, 1956. (Log Y2 ) 

Date Gallery Length of i Adult 
Established Gallery Present 

(ins . ) Female Male 

July 9 18 1 (dd) 
" 1 
" 1 
II 1 
" 3 
" 3 
" 3 

;�ug. 6 1 
II 13 1 
" ? 2 1 
" 8 1 
" 4 1 
" 5 
" 9 2 
" 4 
" 1 

Aug. 16 2 
II 1 1 
? 1 

Lve . length unmated galleries - 2 . 1  ins . 
Ave. length mated galleries - 15.5 ins . 

i 
Brood 1 -

(all stages ) � 
I 
I 

75 ! July 15 I July 19 

J JUIY 31 

I 
! I i 

58 

Remarks 

- 1 female 
- 1 female 
- 2 females 

Seven galleries were established in July, 1 was mated.  Five females died. 
In Augus t the 4 surviving females construc ted 12 galleries , one of which was 
mated. 
Estimated sex ratio = 1/7 = 0.14 

\ 
dd. 
dd. 

dd. 



11.PPENDIX XIV - Cage 3 

10 Females Released with 2 nmles July 9, 1956 - Log Debarked 
September 4, 1956 ( Log Y3 ) 

IDa te Gallery Est. ; Length of Gallery 
( ins . ) 

July 9 
" 
" 
" 
" 
" 

i II 
I 
t " 
I II 
I I " 
IJuly 31 
I 
I 
,Aug. 6 
i " 8 

" 11 
" 14 
" 

2 
1 
13 
17 
1 
1 
2 
5 
7 
6 
3 
12 
16 
13 
1 
9 
2 

Ave . l ength unmated gallery - 2 . 6  ins . 
·,ve . length mated gallery - 13 ins . 

Ldult Present i Brood 1 
Female Halerall s tages ) 

1 
1 

1 

1 
1 

1 

, I I \ ' , 

1 (dd ) 

6 
45 

19 

30 
70 
82 

39 

Remarks 
His s ing - 2 
females 1 mall 
Sept.  4 - 1 ; 
female alive I 
on floor of ! 
cage 

Ten galleries established in early July, of which 2 were mated 
In August the 4 surviving females cons truct 7 galleries of which 4 were mated 
Es timated sex ratio • (males ) = 2 = 0. 2 

J.�PPENDIX x:v - Cage 4 

females 10' 

10 Females Released with 4 males July 9, 1956 - Log Debarked 
September 4, 1956 . (Log Y4 ) 

;Date Gallery Es t. i 
I July 9 

' 

! " 12 I I I  12 
i� u 6 (l g. 
. " 6 i 

Length of Gallery 
(ins . ) 

30 
12 
9 

19 
14 

l�dul t Present i Brood 1 
Female Male ! (all stag s )  Remarks 
1 dd ; 205 ! JUly 15 -

1 dd 
1 
1 

1 dd I 75 ! 1 female dd 

j 73 t 11.ug. 6 - � 
1 ! 120 l female dd.; 

; 35 f S ept. 4 - � 
,: female dd� 

Lverage length mated galleries = 17. 2  ins . 
J�ll females mated 
Estimated sex ratio = 2 = 0.40 

;-



hPPENDIX XVI - Cage 5 

10 Females Released with 6 Males July 9, 1956 - Log Debarked 
September 4, 1956 (Log 15)  

Date Gallery 1 IOkngth of Gallery ; .. dults Present I 
Established 
July 9 

11 
II 

" 
" 
II 
II 

I II 
I . 
i .il.ug. 
, " 

6 
8 

! I . i ; 

(ins . ) Female 
2 
17 1 
12 
13 1 
22 1 
14 l (dd) 
13 l (dd) 
4 l (dd) 
4 l (dd) 
8 

;:..verage length mated galleries ::: 12 inches 
�verage length unmated galleries = 2 inches 
Eight females establish 1 brood each 
Two females establish 2 broods each 

'. Estimat,ed sex ratio = (J/8 ) = 0.37  

Male 

1 

Brood ; Remarks: , 

.. 90 
20 

\ 30 : 101 
I 80 

90 
20 
16 
28  

. \ i i 
July 15 - 2 f�les ,  
and 1 male dead. 
Aug . 16 - 2 males 
dead (note : these 
2 males were both 
effective ) • 

Very heavy broad mortality due to grouping of galleries on 1 aspect of log 

l.PPENDIX XVII - Cage 6 

10 Females Released with 8 males July 9, 1956 - Log Debarked 

! 

September 5, 1956. (Log Y6) 

;Date Gallery ' length of Gallery Adults Present 
i Established ins . 

2 8  
34 
28  
19 
18 
16 

9 

Female Male 
1 
1 
1 

1 
1 

1 
1 

Lverage length of mated galleries ::: 22 inches 
Five females establish 1 brood each 
Two females establish 2 broods each 
Estimated sex ratio ::: (4) = 0.80 

"5 

Brood Remarks 
, 181 July 15 - 3 fema�es , 

263 3 males dead. July 
245 18 - 1 female dead. 
112 ll.ug. 15 - 2 males 
k dd. (note : these l 

71 I males effective ) 1 
Lo ! 

! ! 

k Long, irregular gallery constructed but no eggs laid. On dissection,ovarioles 
short and thickened, no oocyte differentiation in lower end. Plug of yellow 
yolk like substance in lower end of ovarioles which may be caused by degeneration 
of mature oocyte. Spermatheca not enlarged. Fat bodies conspicuousft Wing muscles 
reduced. 



;. 

APPENDIX XVIII - Cage 7 

10 Females Released with 10 males July 9, 1956 
Log Debarked September 11, 1956 (Log Y7 )  

Adults Present Date GallerY l Length of 
Es tablished I Gallery 

(ins . )  
Female Male � Brood Remarks 

July 9 
" 
" 

" 

11 

" 
" 

1 
9 
12 
24 
36 
22 
20 

1 (dd) 
1 (dd )  

1 
1 
1 
1 

(J) 

I I 
I July 15 - 1 female J i i 1 male dd. July 18 ..;. 
I 1 male dead. July 12 
I 1 male dead. "�ue . 20 1 1 male dd. 

I ( 

j"overage length of mated galleries = 20.5 ins .  (omit 1" gallery)  
S even females established 1 brood each 
Estimated actual s ex ratio = 1 

:Ie Considerable mortality as all galleries Were on 1 aspect of the lo g 

APPENDIX XIX - Cage 8 

10 Females Released with 12 Males July 9,  1956 - Log Debarked 
September 11, 1956. (Log Y8 ) 

iDate Gallery 1 Length of Adults Present (Established t Gallery Female Male 

t I �ins . )  
July 9 t 11 1 (dd) i i I " , 30 1 

I 
t 

I II 40 1 1 
" 26 

42 1 " l " 29 1 (dd ) o 

"�verage length of mated galleries = 29 .6  ins . 
Six females established 1 brood each 
Es timated s ex ratio = 1  
:Ie C onsiderable mortality from crowdi ng 

Brood 

OJ H 
� .r! 

� 
(J) 

'-0 c-
'-0 

I 
I I Remarks I 
I July 15 - 5 femalesA 
! 2  males dead I ! 

I 
I I 
i 



.. 

1.PPEND IX XX - Cage 9 

10 Females Released with 14 Males on July 9, 1956 
Log Debarked July 24, 1956 (Log Y9) 

; Date of Gallery , Length of Adults Present ! Brood ; 
Es tablishment ! Gallery Female l1ale ,(all stages ) Remarks 

! ( ins . ) I 

I July 9 ! 7 1 " I 11 1 
" I 1 1 
" 1 
" 7 1 
" 6 1 
" 1 1 
" 5 
I I  8 1 
" 1 
" 2 

;�verage length of mated gallery = 7 . 3  ins .  
Lverage length of unmated gallery = 1 ins . 
F.,s timated sex ratio = 1 
Note : t ime of 15 days 

!..PPENDIX XXI - Cage 10 

, 

26 
2 5:l 

34 
1 18 

17 
1 17 

, July 15 - 3 female� 13 males dead . July 
19 - 1 female, 3 i jmaleS dead ! ' I 

j 

10 Unmated Females Released on July 27, 1956 - I�g Debarked 
September 19, 1956 (Log YlO) 

I Date of Gallery i Lengt� of Gallery 
I Establishment lIlS . 

July 27  2 " 4 
" 
" 
" 
" 
II 
" 

l .. ug. 
Aug. 

" 
II 
" 

Aug. 
" 
II 

6 
14 

24 

5 
1 
6 
3 
3 
4 
3 
4 
9 
8 
9 
4 
7 
2 

l .. dul ts Present 
Female Hal� 

1 

1 
1 
1 
1 

Average length of unmated galleries == 4.6  ins . 

Brood I Remarks 
, July 31 - 2 
:females dead. i 
!:i.ug. 9- 1 femal1 
i dead ; 

i 
I 

I 

Note : 1st Attack in July - average length 3 .5 ins .  and range 1-6 ins . 

2nd Attack in .:i.ug. - " II 6.6 ins . and range 3-9 ins . 

3rd 1'>. ttack in late l.ugust, galleries s till being elongated. 



;; 

J.PPENDIX XXII - Dis tribution of Gallery Longths 1955 and 1956 - �. montico1ae 

,Galleries in which no adults;, 
were found . , " 

; Length of : Number of gall...;l 
: Gallery - I eries in this I; in ins .  class  ,I 

1 4 
'i 
II 2 4 " 

3 2 t, 
Ii 

4 3 ;i 
il 5 6 I' 
t � 

6 12 il 
7 23 A 

I. 
I, 

8 10 l! 
I 9 8 Ii 10 8 

I 
�I 11 6 :i 

12 9 t ,  " 

13 5 
I 14 5 " 
I 15 2 !: 
! I' 
, 16 3 :i .1 " 

17 2 ,: 
r : 

18 3 i � 

I 19 1 �\� �� 
I 21 1 it • 22 1 -I I ; 

23 1 I' " 
24 1 ,; 

Ii 
I 26 1 H f 27 1 � 29 1 II 

31 1 ! :  

Galleries in which only :' Galleries in which both \ 
females were found ' male and female were foun 

Length of 
Gallery -
in ins .  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22  
23  
25 
26 
27 
28 
2
1 j3 

i Number of gallt Length of i Number of gal 
; eries in this 1 gallery - ! eries in this 
I class (, in ins .  class 

I 1 I 7 
� 

1 
2 9 2 
3 11 3 � 4 12 3 
11 13 5 ! 13 14 4 

' 9  15 6 
9 � 16 7 
6 �t 18 3 ij 7 , 19 2 
7 

I 
20 4 

5 21 1 
7 -, 23 1 
2 � 24 2 
2 U 25 2 � 2 26 2 I 6 27 1 
3 28  4 
2 It 29 2 t r 
2 t 40 1 
5 r; 
1 , " 

" 
1 , 

,. 
1 �( 
1 \-

,. 
1 ( 
1 � f I. ,� 



APPENDIX XXIII - Summary of Emergence of Predators and Paras ites Steamboat 
and Francis Creek Area - 1956 

! Emergence from broods 
; established in 1955 , 

I I 
I 

! 
1 I 
I 
I 

June 21 
25 
27 
28 
30 

July 2 
4 
6 
7 
8 
9 

11 
13 
15 
16 
18 
19 

Emerged from 1st I flight - 1956 

Sept. 10 
12 
17 
18 
19 

Oct. 8 

Coeloides 
dendr oc toni 

1 
1 
1 

1 

1 
3 
1 

1 
1 
3 

3 
(emerged during Sept. 

to Oct. 8 )  

Hedetera 
modestus Lonchaea sp . 

2 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 
1 1 
1 
4 
5 , 

19 (emerged during Sept. 
19 to Oct. 8 )  
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APPENDIX XXIV - rlaximum arld l�inimum Temperatures - Inverme r e ,  B . C .  - 1956 

i 
I Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

; April May June July �'.ug. i Sep t. . Oct. I ! Hax . I'lin. Hax . r-:in . , Max .  rUn. )1ax. lfin. , Max� Min� ; l'lax. Nin� 1 11ax� Nin� 
49 1 26 : 37 ! 28 ; 74 53 i 65 : 45 t 75 47 ! 63 J 42 : 62 . 36 � 
51 18 { 46 ; 30 I 70 52 ;  73 ; 51 I' 74 i 53 1 54 ; 33 \ 64 ! 43 : 
54 25 ; 53 i 21 I Bo 42 ; 63 i 49 •. 64 1 50' I 56 ; 38 60 I 28 ; 
52 37 ! 50 . 32 ! 77 50 ; 70 I 51 i 70 1 51 I 61 I 27  56 I 34 i 
43 29 ; 54 i 36 f' 57 44 ; 70 ! 45 75 l 40 I,' 66 : 26 i 66 l 33 'ji 
45 14 t 65 ' 32 I 69 42 I 69 : 46 77 : 44 > 73 . 30 t 70 27 
42 29 1 70 . 32 I 66 43 ! 74 ; 42 81 ,' 44 ! 73 I 38 ! 72 t 33 i 
55 22  I 60 ! 37 I 68 4D 84 l 42 83 43 I tkJ I 37 ' I  71 33 1 
� �t I � i t� ! �� � �� I �� n tn g , �� t: �� Ii �� 59 26 I 52 I 40 I 61 47 88 ' 54 74 43 ! 75 I 39 69 43 ! 
62 21 f 54 I 36 66 30 90 52 84 46 I 73 I 35 I 68 j 38 f 
68 27  '. 64 i 28 71 42 77 '

,
" 5

5
4
1 I 85 48 ' 72 I 42 56 35 ! 

71 28 I 67 i 40 64 50 72 ' 88 I 46 77  49 , 48 J 35 1 
72 31 ! 75 f 34 I 52 49 72 r 46 i 94 I 47 78 44 t 56 ) 43 1 

I 52 40 : 80 I 36 i 58 50 78  I 51 t 90 46 Bo 41 i 58 1 42 
58 37 ' eo : 37 ,' 66 48 86 48 t 82 54 1 83 42 51 32 
63 28  � 82 I 44 . 74 47 90 50 Bo 54 82 38  53 I 40 
68 30 ' 83 ! 40 ! 76 44 I 93 51 83 45 68 43 46 · 30 

I 71 31 ' 83 I 48 1 61 47 t 92 52 88 47 63 40 46 40 
, 70 40 ' 78  I 42 70 40 I 90 I, 55 90 48 56 38 I 42 40 ( 

5
44
4 

37  I 76 1 36 I 71 39 f 88 54 93 49 60 28 43 28 
3 7  I 79 j 41 ! 75 46 93 i 50 86 50 61 , 38 38 ! 22 

if' �� � II �� I �� I �� I �Z I �� ! i! I I� II l� � u tr 'I' �� 
54 28  74 I 43 i 78 1 47 . 92 f 63 72 56 54 33 44 ;  27  

I 51 37  I 75 I! 40 I, 76 I 48 ! 86 � 49 70 f 40 48 38  44 I 23 1 t 48 35 I 80 i 44 f 56 I 42 I 85 � 43 67 J 49 46 36 42 : 25 , 
�. 47 31 I 75 I 49 i 64 ! 44 ! 87 1. 44 68 f 37 42 I 33 , I 84 ' 42 ' 1 l 86 ! 42 75 i 34 1 40 ! 27  l 

I 




