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A BIOLOGICAL AND DEVELOPMENTAL STUDY
OF COELOIDES BRUNNERI VIER,, A PARASITE OF THE
DOUGLAS-FIR BEETLE, DENDROCTONUS PSEUDOTSUGAE HOPK,

INTRODUCTION

The Douglas=-fir beetle, Dendroctonus pseudotsugae
Hopkins, has been responsible for large losses over the
last few decades because of the trees it has killed.
Entomolgists have touched on various phases of the biology
of this insect and of 1ts natural enemies, 3till, the
study of the complex interrelationships between it and
the many factors contributing to its abundance is still
in its infancy. The life histories of all the parasites
and predators which prey on the beetle are incomplete,
or in some cases virtually unknown,

The present investigation 1s an attempt to close
these zaps in our knowledge by supplying some basic
datg on the life history of a primary insect parasite of
the Douglas-fir beetle, Coeloides brunneri Viereck
(HymenopterasBraconidae), This parasite is incompletely
effective in controlling the abundance of the Douglas-fir

beetle because of its inability to occupy fully the

distribution of its host within a tree due to bark thickness.

It appears to be present, however, in any geographic
locality where its host is present, and shows promise of
becoming more effective in the years to come as old

growth stands are converted to second growth,



The problem was broken down into two ma jor phases.
One portion consisted of field and leboratory experiments
and observations to determine the biology of the parasite

and the hosteparasite relationships, with the ultimate
aim of developing silvicultural practices which will aid
the parasite in reducing the frequency of beetle outbreaks

and their severity when they occur, The other portion

consisted of a developmental study of the parasite commencing
with cleavage within the egg and tracing the embryoniec
development and the external morphology of the immature

stadia.
The writer wishes to express his appreciation to Dr.

J. A. RFudinsky of the Department of Entomology, Oregon State

University, under whom this work was conducted, Financial
support has been provided by the Forest KResearch Division,
Oregon Agricultural Experiment 8tation, The writer also
wishes to express his thanks to Dr, F, H, Butt, Profesaor
Emeritus, Cornell University, for certain interpretations
regarding embryological development; to Karl Drlica for
aiding in the collection of certain dataj and to Miss
Margaret Hsleh for making the drawings from which Figures 61
and 62 were reproduced,

Since the completion of this work, some specimens sent
to the United States National Museum were identified as
Coeloldes scolyti Cushman by C. F. W, Muesebeck. He is under
the opinion that C. scolytl will need to be suppressed as a

synonym of C. brunneri.



MP TERIALS AND METIODS

Techniques in Laboratory hearing

Source of breeding stock- The original stock for

laboratory rearing was collected in late spring as larvae
overwintering in cocoons. These original collections

were from several sources: the McDonald Forest of Oregon
State College, aprroximately seven miles north of Corvallls,
Oregon; the eastern slope of Mary's peak, approximately

11 miles west of Corvallis; Pedee Creek, aprroximately

17 miles northwest of Corvallisj; and Weyerhaeuser's
MecDonald tree farm near Centralia, Wasnington, The bark
infested with beetles and parasites was stored at LSOF,
until needed., Py transferring it to 75°F, adult parasites

would emerge starting after approximately 10 days.

Mating and handling adults- Once & supply of newly
emergzed adults was on hand the first proceedure was to
mate the females, Elther indlvidual males and females were
placed together in small vials or the females were
collectively placed in a small container (Figure 2) with
the males,

The insects were kept and fed individually in vials
for some experiments and collectively in ice cream contalners
for others. In the former case double ended vials were

used, On a waxed paper strip protruding into each vial



Flgure 1. Type of vial holder used for
holding adults individually.

Figure 2, Ice cream carton transformed into
a holding cage for adult parasites.,
The plastle window allows entrance of
light for photoperiodiec treatments,
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and held in place with a cork, a drop of liquid food was
placed, In some cases a dried raisin was also placed in
the vial as food, The other end of the vial was placed
through a hole in a plywood board and abutted against
plastic screening stapled to the other side of the board
(Figure 1), A wooden chamber was constructed and used to
malntain a high humldity inside the vials by means of
molst paper towels and a pan of wﬁter. Ice cream cartons
used to hold parasites (Figure 2) were fittea with screen
on one end, a plaétic window on one side and a cork on
each end to allow access for an aspirator, Water was
supplied from a small bottle with a cotton ball stopper
placed inside the contalner, Liquid food on waxed paper
strips and raisins were placed on a paper towel lining the

bottom of the unit,.

Rearing in logs~ Oviposition was secured by placing
females in cages under sulitable environmental conditions
with a log section infested with susceptible host larvae,
Ovipositing females were collected evefy two days and held
overnight in ice cream cartons for purposes of feedings

When oviposition cages were placed under greenhouse
conditions the light intensity was reduced by covering
portions of the glass with tarpaper in a checkerboard
pattern, In rearing rooms where there was no natural

light, artificlal light was supplied by banks of fluorescent



lamps suspended approximately two feet above the tops of
the cages glving an intensity of approximately 4O foot-
candles at the top of the cages. Photo period was controlled

1 and by the use of black cloth placed over

by time switches
the lce cream contalners and cages. Attempts were made to
hold amblent temperatures constant, usually at 75°F., but

for some experiments 85CF, was maintained,

Figure 3. Log section being shaved so thdt the bark
would be thin enoupgh for parasites to reach
through with thelr ovipositors at any place.

l, Time switches were obtained from the International
lkegister Company, 2624 W, Wasiington Blvd,, Chicago
12, Illinois.



Cazes for the most part were similar to those used
in previous studies (86, p. 12-13) with the exception that
clear plastic was used instead of screening for most of
the cage and a sliding sleeve was added to each, umidity
was maintained at a high level by Irequently wetting the
floor, The logs and cages were-set on white cloth with
two objectives in mind: first, to ald in locatling dead
insects which fell to the floor; and second, to ald in
holding moisture on the floof of the cages to increase the
humidity.

After oviposition was complete or when sufficient time
had elapsed so that the insects from the first eggs lald

were almost ready to emerge, any ovipositing females still

remaining were removed. The same cage was then used to

collect the emerging progeny.

Rearing individual insects- Exact oviposition sites

were marked on the logs by means of two insect pins placed
one above and one to the side of the ovipositing female,

The time the female completely withdrew her ovipositor

from ti:e bark was consgidered the time of oviposition and

was marked on a card and placed on a third pin directly

over the oviposition site. The bark was carefully removed
and the egg and host larva were transferred to a small
Syracuse watch glass lined with moist paper towel., The
unit (Figure l) was covered with a 22 mm, square cover
slip and incubated under constant temperature conditions

for observation., Molsture was replenished in the dishes



at the time of observation,

Figure l,,+ Watch glass unlt used for observing
the development of individual parasites.
The first instar sometimes commenced feeding on the
host within a few hours, but often it was necessary to
place 1t on the host with a camel hair brush, Head capsule
measurements were taken with a calibrated eyepiece

micrometer in a dissecting microscope at a 90X magnification,

Tenperature control- Kearing rooms were heated for

the most part with steam heat, Controlled temperature was
achlieved with supplemental heat'produced by an electric
space heater regulated by a separate control placed

some distance from the heat source. The control unit



consisted of a bimetallic thermorsgulatorland a single

pole, single throw, magnetlic relayl. Cooling of the rearing
rooms during summer was provided by thermostatically
controlled Friglidaire room alr conditioners.

A walkein cooler was maintained at L5°F, For
temperatures between hSoF. and room temperature an 1ncubator2
and two plywood temperature cabinets with small heating
elements and control units simllar to those described above
were placed in the welk-in cooler, These same cabinets
and incubator were placed in one of the rearing rooms
malntained at TSOF. for temperatures sbove the latter.
Temperature controls were adjusted and periodically checked
by consulting recordings taken on a portable relative
humidity and temperature recorder3 and were set so that
the desired temperature was midway between the maximum and
minimum reading of each cycle. A glass mercury thermometarh
marked at intervals of 1°C. was left permanently in each

temperature unit as a check on temperature conditions.

1. The thermoregulator (catalog no. 99012) and the relay
(catalog no. 99725) were obtained from the Central
Sclentific Company, 1040 Martin Avenue, Santa Clara,
California,

2 The incubator was from the National Appliance Company,
7634 S. W, Capitol Highway, Portland 19, Oregon.

3. Foxboro Company, Foxboro, Massachusetts,

4o OwenseIllinois, Toledo 1, Ohio.
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Measuring Loz Area Available to Parasites

In trying to establish a relationship between bark

thickness and the effectiveness of Coeloides brunneri in

parasitizing its host, it was realized that factors such
as maximum bark thickness, minimum bark thickness, number
and extent of crevices and parasite ovipositor length
should all be considered, These factors were incorporated
into a single measurement as follows.

The average length of the parasite ovipositor was
determined by measuring one hundred individuals with a
calibrated eyepiece micrometer of a dissecting mieroscope.
A piece of metal was filed to this measurement and was
used as a gauge to compare with bark thickness to determine
1f the thickness of bark was greater than, squal to, or
less than the average length of the ovipositor. This
gauge was fitted onto a device constructed to determline
the percentage of the bark at a given height in a tree
which was less in thickness than the measurement of the
gauge, or the mean ovipositor length (Figure 5).

The device consisted basically of two units, There
was & circular base with a raised lip around its outer
edge and a central assembly pivoted at the center of the
base which was movable through 360 degrees. The central
assembly itself consisted of two maln parts, a base and a

movable block running within it. A long hollow tube was
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Device used for determining the percentage
of the log circumference which had a bark
thickness less than the mean parasite
ovipositor length.
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mounted on the movable block of the central assembly.

A rod ran through the tube and was rigidly fastened to the
base of the central assembly. The distal end of the rod
was turned up and ran in a slot iIn the end of the tube.
Together the tube and rod formed an arm extending out
over the cirocular main base, A map measurer was affixed
within one end of the movable block of the central
assembly and ran along the inside of the lip of the
elrcular main base as the central assembly was turned.

The tube and movable block of the central assewdbly were

spring loaded so tiiat the map measurser only recorded when
the spring was compressed by squeezing together the end of
the tube and the turned up end of the rod, Thus, the map
measurer was made to record intermittently by alternately
squeezing and releasing at the end of the arm as the
central assembly was rotated., The gauge filed to the

mean ovipositor length was mounted on the arm and was
moved in or out depending on the diameter of the log

being measured,

In use the device was applied to the center of a cross
section of a log. The gauge was slid along the arm until
it was above the bark and the arm and central assembly
were rotated through 360 degrees while the circular base
was held stationary. Whenever the outer bark thickness was
less than the gauge, the end of the arm was squeezed,
allowlng the map measurer to record. When the outer bark

thickness was greater than the gauge the map measurer was

disengaged by releasing the spring pressure, Todetermine the
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percentage of the log cross section vhich had an outer bark
thickness less than the mean ovipositor length, the reading
on the map measurer, after going once around the log in
this manner, was compared with a reading when the measurer

was enzaged for a complete revolution,

Morphological Preparations

Embryos- Eggs were fixed in Kahle's consisting of:
95% ethanol - 15ce.,
0% formalin - bec.
glacial acetic acid- 1lce.
distilled Hp0 - 30cc.
at a temperature of 850°C, They were left in the fixative
for approximately one minute, At the end of tuls time
they were transferred to & small Syracuse watch glass
along with some of the hot fixative where a portion or
all of the chorion, depending on the age of the embryo,
was removed, For very young embryos hbefore the formation
of the blastoderm, that portion of the chorlion on each
end of the elongate egg was removed to allow better penetra-
tion of the fixative and other fluids during subsequent
treatment, After the formation of the blastoderm the whole
chorion was removed in the following manner. First, the
anterior end of the egg was cut off with a curved scalpel
immediately anterior to the embryo itself, This was at a

place far enough back so that the hole would be large
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snough for the embryo to be pushed through, Next, the
posterior end of the egg behind the embryo was held in
place with pressure azainst the bottom of the dish with
a curved palr of jeweler's forceps, and the embryo was
zradually worked forward by alternately squeezing and
relaxing the chorion immediately posterior to the embryo.
In some cases gentle pressure on the emhryo itself was
necessary. Utmost care was needed to prevent crushing
the cells during this operation, but it was generally
accomplished without injury,

After removal of the chorion the serosa could be
removed In much the same manner, the whole proceedure
involving the removal of it and the chorion usually taking
no longer than a minute, The embryo was then replaced in
hot fixative, allowed to cool, and was left for 2 to 2
hours, It was washed in four changes of 70 percent
aleohol during the next 2l hours and were stored in the
last change until needed. For egzs stained with the
Feulgen reaction, however, an addltional 12 hours of
washing in running water was necessary to remove all traces
of the formaldehyde,

To trace the nuclear history eggs stained with the
Feulgen reaction proved best (see Appendix for procedure),
For studying the external morphology of embryos past the
blastular stage they were stalned with Harris' hematoxylin

for only a few seconds, so that the surface rellief was
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Figure 6, btmbryo Incubated for 13 hours at

75°F, and stalned whole in Harris!

hematoxylin. Dorsal view, Kalile's

fixative, Chorion removed, X130,
accentuated, the most exposed areas staining the heaviest
wﬁile the deep invaginations and the dorsal part of the
embryo before dorsal closure remained virtually unstained
(Figure 6) (see Appendix for procedure), This is a
modlification of Wheeler's second method (115, p. 14l).

Examination of whole embryos stained in hematoxylin

was made while in an uncleared condition under a 90X
magnification of a dissecting microscope. The embryos
were studied in alcohol with reflected light for two
reasons, If they were cleared and mounted on slides they
could be viewed from only two sides unless the balsam was
softened and they were rolled over. But even more of an
obJection to clearing and mounting and using transmitted
lizht was that the picture of the surface contours tended
to be confused by the internal details., The tendency was
to look through rather than at the surface.

Internal morphological studies of the embryos were
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made from sectioned material after staining whole in alum
ecarmine or dilute Harris' hematoxylin (see Appendix for

procedure).

Larvae~ Observations on the external morphology of the
larvae were made for the most part on whole specimens,
elther live or preserved in alcohols Slide preparations
of the cuticle after treatment with KOH and stalned 1n
acid fuschin proved valuable for discerning the detailled
structure, particularly of the larval head, Gross
dissections of fresh material were used for study of the

body musculature and tracheal system,

Figure 7. Photomierograph of a section through the
abdomen of a fifth instar. helaxed in hot
water, PEouln's fixative., Harris!
hematoxylin and eosin. 10p. X400,



Specinens were plnned open in pnysiologlcal saline, fixed
in EBouin's fluld znd stained in alum carmine, although
eosin worked almost as well and wes cesicr, Proper

tlssue orientation was ascertained from sectlons (Figure 7)
stailned with Harris'! hematoxylin and eosin (see Appendix

for procedurse).
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LIME CVCLE Or DENDROCTONUS PEUDOTSUGAE

UNDER NATURAL CONDITIO

An intimate knowledge of the 1life history of the

Douglas=-fir beestle, Dendroctonus pseudotsupee, 18 an

important part of & biologleal study of Coeloides brunnerl

because thls beetle 1s the primary host of this parasite,
The life hlstory and habits of the Douglas~fir bectle have
heen investigated in whole or in part by many entonologlsts
including the writer (L, 31, 86, 111, 112).

Eriefly, the life cycle with special emphasis on

aspects influencing the success of Coeloides brunneri

may be summarized as follows, There 1s one jeneration per
year. Adults emerge from Infested logs in April and

May and establish broods between tihe inner bark and wood
of standing or recently down trees, A portion of these
adults reemerge during late spring or early summer after
construction of this first gellery is completed and
establish a second brood in the same or other trees., These
adults then die, Adults invading during this second period
during late spring or early summer are jolned by adults
emerging from logs infested late in the previous year's
flight period. The broods from these late invasions have
not completed development by the time winter sets in,
consequently they are not ready to emerge the following
spring with beetles overwintering in the adult stage, but

additional time ls needed to transform to the adult stage,
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There mary he 3ome overlaprning of the flrst and second
flioht periods, but generally two distinet peaks are
evident.

Some of thes larvae of the broods extend their mines
completely into the inner hark as they grow, where they
are slizhtly closer to the surface of the log and more
easily reached by the paraslites, A cursorvy examination of
the inner surface of the inner bark will not reveal these
larvae or parasites feeding on them, Therefore, in any
detalled analysis of parasitism the inner barlk must te
completely and laborlously chipped away. The first beetle
larvae to reach sufficient size to be susceptible to parasi=-
tlsm by C. brunn¥ri cccur during May as a result of April
attacks. Due to the extended egg laying and the long
attack periods of the beetle, at least some larvae suscepti-
ble to parasitiam by C. brunneri are present from May
throughout the summer and inte the fall. The flight perliods
and the time when susceptible larvae are present &re

shown diapramatically along the bottom of Figure 8.



LIFE CYCL: OF COBELOIDES BLUNNERI
UNDER NATURAL COUDITIONS

This insect heas three complete generations a year
with a portion of each generation overwintering in the
fifth instar, The portion which overwinters is different
for each: generation, the aprroximate percentagzes being
gbout 5 percent in the first, 50 percent in the second and
95 percent in the third generation., The seasonal history
i1s shown diagramatically in Figure 8, the details of which
ars as follows,

The insect overwinters as mature larvae in cocoons
spun in the larval galleries of its host, During late
spring the larvae pupate and by late June the first adults
may be found in the cocoons, %ithin one day after becoming
adults the parasites chew through the cocoons and bark
to the outside, filling the cocoons with bark fragments as
they emergze. During the first half of the emergence period
more males than females emerge, while the oprosite 1is
true durlng the latter ralf, Emergence of these overwintered
insects continues for about three weeks, althourh by the end
of the first week of July most have emerged,

Females live only a few weeks, but bhefore dying, which
happens usually before August first, they lay eggs on
susceptlble larvae through the bark of trees attacked by

Douzlas=ir beetles in April. Approximately 95 percent of
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the eggs lald during July by the overwintered population
developy Lo the adult stage and emerpge during August to
parasitize susceptible larvae from later or second (summen
beetle invasions, The remaining 5 percent, however, enter
diapause in the fifth instar ufter cocoon formatlion, pass
tlie remainder of the season and finally overwinter in this
stage. Tliose parasites emerging in August lay eggs on
larvae resulting from May and Junie beetle invasions,
Approxzimately 50 percent of the progeny of this, the second
generation, develop to the adult stage and emerge in
September, while the other 50 percent enter diapause and
overwinter with the 5 rercent of the first generation

vhich entered dilapause., The third generation occcurs in
September and October &nd results from eggs laid in September
by the 50 percent of the second generation which emerged
during that month. Only about 5§ percent or less of the
third generation develop to the adult stage before winter,
The remaining 95 percent enter diapsuse, and like the
portions 'of the flrst two generations which entered diapause,
overwinter, Whlle the percentage of insects of the third
generation which overwinter is greater than the rercentage
of the second, the avsolute number 1s probably about the
same since the third generation 1s smaller than the second,
Thus, the overwintering individuals are of three different
generations, All overwintering individuals emerge at

approximately the same time, late June or early July of



the following year,



PARATITE EEEAVIOR

Emergence and Mating

After smerzence from the pupal skin the adult remains
inside the cocoon Tor several hours while the wings are
expanded to full size and the oxoskeleton hardens.

Within the day the adult commences its exit from the

cocoon and through the layer of bark whilch has served

as 1ts protection from the moment of egg deposltiion, A
eircular hole just wide enough to wriggle through ls cut
with the mandibles in the slde of tie cocoon toward one

end, The bark fragments are pushed benind by the insect
advancing toward the exterior, filling the cocoon beiilnd,
From the overwiﬁtered population the males emerge on the
cveragze slightly ahead of the females. Durlng the summner
meneretiona, however, the timing of the male and female
emergence in relation to one another depends largely on

the time each egg was laid and upon the size of the host,
which influences the rate of development. During the summer
generetions egg layiﬁg proceeds over many days and generally
the first individuals emerging are those from eggs laid
firsf; while from eggs iaid on one day the first Individuals
to emerge are those developlng on the smallest beetle |
larvae,

Sexual excitation is not acute in the males immediately

upan emergence. They frequently reat motionless on logs or
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nsarby foliace for lonz periods for one or two days after
emerzence, By the time the first females emerge these
males are seen on the surface of the lozg from which they
emerced, now flittins and running from place to place,
now stopring to listen for emerzing females, Femnales are
frequently located, apparently by the nolse or vibrations
nroduced by thelr chewing, hefore they have broken through
the surface of the log., Commonly several males are found
waiting for an emerging female, Such females are fertilized
immediately, The appearance of the female sends the males
into a frenzy of sexual execitement, All males try to
copulate with the female at once, some even with each other,
The female at this time is usually qulte receptive to the
attentions of the males and drops the seventh sternum,
orening the penital chamber to allow insertion of the
male genitalia, When one male suceceeds in penetration the
other males usually drop off the female, The successful
male has grasped the female with his lepgs and has his
gbdomen tent around to one side of the female's and the
extruded genitalias sre within the female's ;enlicl chamber
immediately above the seventh sternite, The mazle's wings
and antennae are pumped rhythmically while the head is
moved from =ide to side, Coition lasts from 15 seconds to
two minutes,

The males awalting the emergence of the femsles are

apparently uvnable to distinguish between males and females,



for they attempt sexual interccurse with newly emer_ed
males as well as with females,

Should a female emerge at & time when no meles are
in the immeciate vicinity she may be mated within the
next day by any male she encounters. Iowever, she loses
her attractiveness to males 1f more time elapses than about
& daye, Jlhen, females are extreumely unreceptive to the
aavances of thie males, and 1t is only a very strorgand
perslstent one which will succeed if the female is not
willing. The genital chamber is no longer leld open, and
i1l a male does mount tiue remale shie promptly brushes
him off with her hack legs. I the male happens to bte
successiul in penetration, the female continucs %o struzggle,
often dragging tane male around behird her (Flgure 9) or

even [{lylng awa, with the male stlll ingerted,
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Figure 9. Hlale and femaiz C. brunneri mating.



Once meted, ever if newly emerced, the females
usually resist further advances of the males.. The latter,
rowever, will mete mery times with different females, In
the lsboratory a single male was mated with nine different
females over & period of two weeks, It is suspected
throurh experience in laboretory mating and rearing that
the potency of the males is reduced with both age and

number of metinge.

Female Searching and Oviposition

The femelcs of this specles are rather slow moving,
hut thorough searchers, that tehd to follow the crevices
of beetle-infested lors., They pause frequently to listen
for nolses or vibhrationsa from heneath the bark surface,
Most time 13 spent on the undersurface and sides of logs
where the light intensity 1is léés than on top. These places
are also whers the gzreatest numbers of its princlple host,
the Douzlas-fir beetle, are found, Parasites are sometimes
found on the tops of lozs exposed to the direct rays of
tlie sun, but oviposition was never observed in such locations.
It is felt that the similarity in licght intensity preferences

of Coeloides brunneri and Dendroctonus pseudotsugae is a

ma jor factor contributing to parasitism of the latter by
the former 1n preference to other specles found in
Douglas=fir and sometimes attacked, such as Melanophila

drummondi, Adults of M, drummondi are attracted to sunny



28

locations where they lay theilr eggs., The incldence of
parasitism by C, brunneri is low in this srecies.
Probably it 1is parasitized only on cloudy days or at
other times when the light intensity is at a low level.

Hosts are apparently located by the noise produced
by thelr chewing activity rather than by odor, for only
larvae and adults elicit ovipositional responses in
searching females, never pupae (see "Stage of Host
Attacked"). In the laboratory females have been induced
to lay ezggs through a plece of bark, which was removed from
a log, simply by seratching the undersurface of the bark
zently with a pin.

Once the host has been heard the female pauses and
shifts her position frequently until the exact source of
the sound has been located. She places herself so that
the exact spot is centered approximately midway between
her meso- and metathoracic legs (Figure 10 a). Once
confldent of her position, she raises her abdomen as high
as possible and swings her ovipositor ventrally (Figure 10 b)
until it is exactly vertical (Figure 10 e¢). This
procedure takes only a few seconds and may be repeated
several times before actual drilling starts, Once drilling
has started the female retains the position of the pro-
and mesothoraciec legs, although the metathoracic legs
may be shifted frequently, Actual drilling time varies

considerably., It may be as short as ten minutes or more
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Figure 10, Picture series of a female in the process
of oviposition. X« The complete process
usually takes between 15 and 45 minutes.
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Searching female. Time zero.

Abdomen ralsed and ovipositor being
swung vertically. Time zero plus
three minutes,

Ovipositor vertical, Penetration of
first and second valvulae begun, Time
zero plus five minutes,

Fartial penetration., Third valvulae
being pushed into a tight loop behind.
Time zero plus 10 minutes,

Third valvulae slip away from first and
second as penetration is half completed.
Time zero plus 20 minutes,

Penetration almost complete. Time
zero plus 35 minutes,
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than three hours, but in most cases is between 15 and

45 minutes, Only the first and second valvulae are
inserted 1nto the bark. As the abdomen is brought closer
and closer to the log the proximal parts of the third
valvulae at first are pushed into a tight loop directed
posteriorly beneath the abdomen, while the distal portions
st1ll surround the united first and second valvulae
(Figzure 10d)., After a certain polnt is reached the

third valvulae slip awa  from the first and second and
form a broad loop behind (Figures 10 e and 10 f),
Insertion continues usually up to the limit, where the
insect remains for several minutes, motionless, except

for slight vibrations in the abdomen while the egg is laid,
She may partially withdraw the ovipositor for perhaps
one=fourth its length once or twice and then thrust it

to the limit, This probably is when the host larva 1is
injected with the paralyzant, The egg is laid within the
host gallery but external to the host itself (Figure 11)
end frequently adheres to the hcad of the host or to its
body immediately posterior to the head,

Extrusion of the egg from the ovipositor was observed
in a few cases. These females were stimulated to oviposit
through the mesh of a plastic screen and were observed
under a binocular microscope. The united first and second
valvulae were waved violently back and forth while the egg

was passed to the exterior in a semi-fluid state,
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Figure 11, Douglas={ir beetle larva and an
egg of Ce. brunneri which has been laid
within the larval gallery. X15.



33

It appeared first as a small drop near the tip of the
ovipositor and gradually took form as more and mors was
squeezed through until finally it dropped free, Only one
or two seconds were required for full penetration in these
cases since there was no bark to offer resistance, and
from the time of complete insertion until the egg dropped
free no more than about ten seconds elapsed, It seems
safe to say, then, that most of the time spent in
ovipositing on beetles in logs 1s spent penetrating the
bark, since actual egg deposition and withdrawl of the
ovipositor from bark have been observed to take approximately
ten seconds each,

General noise level In rearing rooms such as produced

by nolsy fans, etc., appear to result in fewer eggs being
deposited. Perhape the parasites can not as readily
locate thelr hosts under these conditions. However,
females are not easily distracted once a host has been
located, Even when pushed aside bodily they return to the
spot again and again to oviposit. They are most easily

disturbed after the ovipositor is in position but before

penetration has started, but even then they are persistent
and return, Once penetration has sturted they are almost
immovarle. The aprroach of another female brings a flurry
of wing fluttering from an ovipositing female, but she keeps
right on, The second one may even try to oviposit on the

same host. Several cases have been observed where two females
were ovipositing side by side, apparently oblivious to one

another, and in an extreme case two [emales were observed
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ovipositing, & small one directly beneath a large one,

Preferred Oviposition Sites

Many hours were spent observing adult habits In the
fleld, Particular attention was given to one ideally
situated tree. Thils particular tree was felled by the
writer in the spring of 1959 so that it dropped in an
east-west direction within a small opening in a stand of
second growth Douglas=-fir at MeDonald forest. The opening
in the canopy allowed the sun's rays to fall on a portion
of this log for part of the day., Adult parasites were
observed to frequent most the less exposed portions of the
log, toward the bottom and on the shady side where the
light intensity was less than on the exposed portions,
Oviposition was most freguently observed in these places,
while never in direct sun., Toward the end of the summer
a partial sampling in this tree was conducted to obtaln
data pertinent to these observations., Unfortunately, the
tree was salvaged without the writer's knowledge before
sampling was completed, but a partial sample was obtained.

The sampling procedure was to remove the bark complete=-
ly for a length of the log at regular intervals up the
bole. At each sampling roint the bark was divided into
fourths by scoring with an axe along the lines of the
horizontal and vertical tangents to the log, thereby

dividing it into top right, top left, bottom right and
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bottom left portions., Bach quadrant was then removed and
analyzed separately., The data from the quadrants were
grouped into top and bottom, and right and left halves
for analysis. Tho numbers of Douslas«fir beetls larvae
which were parasitized were compared with the numbers not
parasitized by the chi square test of independence

(66, pe 410=412), The parasitism in the top of the log
proved to be significantly different at the 0,5 percant
level froﬁ that underneath (Appendix, Table 10), while the
perasitism on the sunny and shady sides did not differ at
the S percent level (Appendix, Table 1l).

Larval Feeding

The yolk present within the newly hatched larva is
sufficient to sustain it for at least a day without feeding
on its host, It wanders about within the confines of the
host zallery until it encounters its host, which has been
completely ilmmobile since about 12 hours after the injection
of the paralyzant by the adult female at the time of
oviposition, The young parasite crawls over 1ts host with
slow movements frequently retaining attachment with only
the last few segments of its abdomen while the head and
anterior portion of its body are waved slowly back and
forth, The parasite tests the host frequently by appressing
its mouthparts close to the host, Finally the youmg
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parasite settles down to feed, The place may be anywhere
on the body of the host except the heavily sclerotized
head capsule., The cup shaped mouthrarts are held agzainst
the host aprarently by suction while the mandi*les are
used first to break throuzh the integument and then as
paddles to keep the wound unobstructed during feeding.
During feeding the mandibles wave back and forth within
the preoral cavity while the host fluids are sucked by
the strong pharyngeal pumpe. The larva frequently
discontinues feeding to shift its position on the host,.
and of ecourse, during molting the Insect does not feed,
At first only the body fluids of the host are consumed,
and it 1s not untll the last instar that appreciable
quantities of the vital organs are Ingested, Although
raralyzed the host remains quite alive until the parasite
in 1ts final instar .consumes it completely except for the
head capsule, integument and portlons of the gut and 1ts
contents, The only recognizable portions of the host
visible in sections of the parasite midgut at this time
are fragments of tracheae,

If a paralyzed host is kept under sultable conditions
and 1s kept from parasite feeding it will remain alive for
approximately two weeks at 75°F, During this time the heart
continues to beat, altlough zradually srowing slower and
weaker untll at the end it is almost imperceptible. But

this is more than enough time for the parasite to reach



the final instar.

Cocoon Formation

Pupation without cocoon formation has been observed
in a few cases, and these were all in insects developling
without a diapause, Most larvae spin cocoons (Figure 12),
At 75°F, spinning commences sbout & day after the host
i1s completsly consumed, and in the cacse of nondlapause

larvae the cocoon is not added to after about a day

Flpgure 12. Cocoons of C, brunneri. X6,
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later, Cocoons of larvae developing wilthout dlapause

are rather thin and conslst of only a single layer cof
silk, whereas frequently two tihlcker layers are evident
in cocoons of diapausing larvae, The shape and size

of the cocoons depend upon the size of the host and its
gallery, If the host and its gallery are small the
cocoons are roughly oval In shape and are flattened on
the top and bottom, and therefore, rectangular in cross
sectlion dus to the restrictions imposed Ly the size of
the host gallery., When larger lLosts are parasitized

the cocoons do not completely fill the host gallery and
are more cylindrical in overall shape and roughly
cireular in cross section. Any irregularities of the host
gallery are frequently reflected in a similar conflguration

in the cocoons,.
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Ovigeneslis and O8sorption

In order to trace egg maturation in this insect
some females were digsccted after intervals of from
zerc to 20 days after adult emergence from the cocoon,
Bach wes kept at 75°F., in an individual vial end was
continuously supprlied with a water-honey-yeast-raisin diet
(see p, 3 for procedursc). After anesthetlzation with CO>
dissections were performed in Bouln's fluld under a [5X
magnlification of a dlssecting microscope. Counts were
made of the number of mature o8cytes within the ovaries,
and the avefaga for each day has been plotted in Flgure 13,
An o8cyte was considered mature if the trophocytes wore not
visible and if the o8cyte was full size and covered with
a chorione. ZEach point on the curve represents the average
of three individuals, except for the tenth day when 11
females were dlssected.

It is evident that at the time of emergence there are
no mature o8cytes, although each female at this time had
a series In various stages of development, Some were
mature after one day at 75°F., 08cyte maturation continued
apparently unchecked until on the third day an aversage
of nine mature o8cytes per individual was present, But

starting on the fourth day the average declined stecadily
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until the twentieth day, the end of the exrperiment, when
there was an averagze of slightly better than three,
Subsequent to the fourth day 1t was common to find some
of the full-sized oocytes appearing shrivélled.

This check in the 1ncrease of the avoraze number of
naturs o8eytes and appearance of shrivelled ones was
expected since Flanders (37, p. 253) lias shown that in some
species at least, when they are denied acceas to thelr
host, o8sorption ssts in. Thus, the nutritive materizl in
unovulated eggs 1a conserved to be used iIn later vitello=
genesis, The observed steady decline in number indicates
that o8sorption proceeds at a faster rate than o8genesis,
although Planders states that, "when hosts are lacking,
o8sorption occurs at the same rate as o8zenesis." He
states elsewhere (p. 252) that, "the zermarium as a rule
18 not depleted of o8gonia before the death of the female,.."
In these experiments it was not possible to discern
individual degenerate eggs in the ovaries after a certaln
point In o8sorption was passed,

The effects of different foods on the number of
mature o8cytes present at the end of 10 days were studiled,
Newly emerged females were completely randomized to recelive
one of four diets: honey; ralsin; honey and active dry
yeast; and a multl diet consisting of honey, inactive

powdered yeast and a commerclal dietary supplement sold
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under the trade name of "Metrlieal", Ten insects were used
in each treatment., Each was held in an individual vial,
continuously supplied with the food and dissected after a
period of ter days at 75°F. to count the number coi mature
o8cytes present,

An anslyeis of variance (6€, p. 1€7-169) performed on
the data led to the conclusion at the 5 percent level that
the mecans of the four treatments were the same (Appendlx,

Table 12).
Number of Eggs Laid

In prodvigenic species where the entire complement
of eggs is ripened at approximately the same time, it 1s
possible to determine the absclute aumber of eggs produced
by simply dissecting the female &and counting., In Coeloides
brunneri, however, where o8genesis procecds throughout
adult 1life it is impossible to determine the capacity by
observing the static picture by any single or seriss of
dlssectlions.

An effort was made to establish the number of eggs
laid per day and the total number lald in the female's
lifetime, Approaching the problem directly was almost
lmpossible, Females zenerally would oviposit only into
logs containing thelr hosts. Debarking the logs could not
be done carefully enough to count the small eggs themselves,

watehing ovipositing females was not only entirely too time



53

consuming, but frequently females apparently oviposited

but laid no egrs. The aprroach which was finally adopted,
although with several drawbacks, was to count the resulting
cocoons, This method entirely disregarded epg and larval
mortality if there were any and individuals which pupated
without spinning cocoons, but had the advantage that
examination could be done at any time,

Newly emerped females were mated and kept overnipht
in 1lce cream contalners where they were fed a diet of a
water-honey-yeast mixture plus dried raisins, The followlng
day the females were placed in a cage with a log section
infested with Douglas-fir heetle larvae and allowed to
oviposit. A day length of 16 hours and a temperature of
759F, were maintained throushout the experiment. Every
second day the insects were removed from the cazes and
held overnight in ice cream contalners for feeding.

It was apparent after several trials that oviposition
was restricted due to lack of hosts, To alleviate the
situation another trial was made using a fresh beetle-
infested loz every two days with the exception that the log
presented on the thirteonth day was used for five days
since all females except two had died by the fifteenth day.
These two were dead by the end of the seventeenth day.

Each female lald eggs resulting in an average of 21,2
cocoons, In Table 1 is listed the rumbsr found in each

log. These figures represent the total production of nine



females, disregarding, of course, mortality oceurring
before cocoon formation if there were any. The dally
emergence of t progeny from the logs is shown in

Figure 1), in which zero on the horizontal scale renresents

the dav on whlch the parent females emerged from thelr

cOcCO0ns,

OFFSPRING EMERGED
n
o

9

NO.

NO. DAYS AFTER EMERGENCE OF PARENTS

Figure 1lli. Daily emergence of progeny of nine
females ovipositing until their death.
Experiment econducted at 75°F,



Teble 1. Totel progeny as deterained
by cocoon counts of nine females
offered a fresh supply of hoste
every two days.,

No. days after No, Temales on oe cocoons
emergence of day of introduction
fenales
1l-2 9 22
3=l 9 50
5=6 9 GO
7=6 9 G
9=10 9 36
11-12 8 i2
13=-17 (] il
Total 191

Averare 21,2




LORGLVITY

Longevity in the Field

1eld observaetlions on the emergence dates and the
presence or ahsence of rarasites, on or in the vieinity
of beetle-infested logs, were used to estimate the longewity
of parasites inthe [leld, Observations in 1959 on the
adults from overwintered Individuals may be taken as
representative,

The first and last emergence of adult males from
caged infested bark were recorded on June 27 and July 17,
respectively., Males were abundant on the loygs from whilch
they had emerged during the first two wecks of July, but
none were seen after July 25 until emergence of the first
generaution fron newly infested logs started on August 5,

The mean lmgevity was probably between 15 and 20 days.

The emergence of the females from the sane caged
nmaterial lasted from June 30 to July 16, Tiey were abundant
on beetle-infeated logs during July where some individuals
were still present when the first generation started
emerglng. The new and old females could not be distingulshed.
The mean female longevity was probably between 20 and 30

days.

Longevity in the Laboratory

Effects of temperature on longevity- The length of



1ife of males and females was studied separately at
constant temperatures at intervals of five degzrees, hetween
and inelnding 60° and 90°F, when fed the same food, and
at 75°F., when fed different foods. Each insect was held
in a separate vial, continuously supplied with food (see
p. 3 for procedure) and observed daily until death,
The diet econsisted of a dilute honev and yveast mixture,
Approximately fifteen individuals of each sex were observed
at each temperature with the exception that at 70 and 80
degrees only males were observed, In Figure 15 are plotted
separately the mean longevity of males and females a¥t
each temperature., Due to the restricted number of
temperature cabinets available observations could not be
eonducted concurrently. Therefore, individuals could not
be randomized among treatments, and the differences between
means plotted in the figure may in part be dve to the
variation in condition of the insects used at each
temperature.

The females lived longer than the males in each case,
and the differences are regarded as real, Differences
were compared at five temperatures by the ttest (66, p. 131-
133), and three were found sipgnificant at the 1 percent
level, There were not enough observations to prove
significance at the S5 percent level for the other two cases,
however, A summary of the results is presented in Table

2 and in Figure 15,
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Table 2, Summary of male and female
lonpgevity at various constan

temperatures,
Temps lNoe. of slean t 95% confidence
oF, deservations longevity intarval limits
in days of the difference
meles females males females between means
40 19 10 3249 The0 L.063 go.?
' 61.6
65 15 12 11, 20,2 1.962 -0.5
. 18.0
70 15 10.9
7% 18 15 16.3  33.8 3.01% 5.6
29.5
80 15 12.4
85 15 15 708 10.5 10632 'COT
6.0
90 15 15 1.9  23.0 3.29* 3.1
13,2

l, Significant at the 1 percent level,
2. Not significant at the 5 percent level,



LONGEVITY (DAYS)

MEAN

L9

80 -
60 -
40 -

' A

&
4QQ

20 $s

4 MALES

60 65 70 75 80 85 90

Fizure 15,

TEMPERATURE gl i

Male and female longevity at varilious
constant temperatures when fed a water-
honey-yeast diet,
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Effects of food on longevity- The effects of

food on the longevity of males and females were compared
separately at 75°F. 4 completely randomized design was
used in tresge experiments using 10 insects pecr treatment,
The natural éiet of the adults 1e unk-own. Tlve artificial
dlete were tested: no food; ralsin; honey; Lorey and yeasts
end heoney, yeast and ralsin, The honey vsed 1In the dreat-
ments was diluted about half wlth water, Insects were
essigned to the treatmerts with a random numter table and
1s0lated in separate vlials as describeé previously.

The means of the 10 observati ns 1n each treatment
ere listed in Table 3, Analyses of variance (&6, », 167=
169)

Table 3. Mean longevity of males and
femalis at 75 F, when fed dilfferent

diets*+, (Means based on ten
ohservations).

Diet
Sex
None Ralsin Honey [Honey % Yeast Honey % Yeast
& HRalsin
Male 5-1 1503 22.2 17.0 9.9
Female 5.0 35,6 32.9 2649 33.7

l. The least significant difference (5 percent lavel)
between treatment means is 8.5 {for males and
15.9 for females.,
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were performed on the data (Aprendix, Tables 12 and 14)
ené led in each casze to the concluslon that the treatment
meens differed significuntly at the 5 percent lsvel, The
least sipniflcant difference (S percent level) between
treatmert means (66, p. 233-230) was couputed to be £.5
for males and 15.9 for females,

It 1s clear that the four diets tested lengthened
longevity compared to the controls which weie not fed,
although in the case of the males fed & loney, yeast and
ralsin diet the number of observatlions was not sufflclent
to prove significant the difference olgerved, VWhen any
food at all was supprlied the trcatment ricans for insects
of the same sex were not signiflcantly dirfferent, with one
exceptiones Longevity ol males fed a honey dlet was
significantly greator than that of males fed a loney,

yeast and ralsin diet,
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STAGE OF HOST ATTACKED

This insect successfully parasitizes only the larval
stage of 1ts hosts, This conclusion is based on three
lines of evidence: first, observing the stage of host
actually being fed on by the parasites; second, examina=-
tion of host remmnants at the cocoon sitej; and third,
observing the stage of host present at the oviposition
gsite at the time of oviposition,

Parasites have been observed feeding only on host
larvae, never eggs, pupae or adults. Examination of the
host gallery in the immediate vicinity of the parasite
cocoon invariably revealed remnants of the host larval
head capsuls, although this would have been present also
had the parasite attacked a pupa or an adult before 1t
left 1ts pupal cell, Adult remains have never been found
at the cocoon site. By removing the bark at several
hundred oviposition sites immediately after the females
wlthdrew their ovipositors 1t was found that eggs were
laid only on larvae, Sometimes females would go through
all the motlons of egg laylng at a place over an adult,
but in these cases eggs were never found and were probably
never laid, Never was a female stimulated to oviposition
movements by an egg or a pupa.

Measurements of larval head capsule width of the

Douglas-fir beetle measured by Vité and kudinsky (11, p. 159
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were compared with measurements of head capsule remains at
cocoon sites to estimate the instar of the host at the
time of parasitism. These measurements were very helpful
when the host head capsule was intact. However, frequently
it was broken along the coronal and frontal sutures, and
head carsule width was impossinhle to determine accurately.
Bedard (3, pe. 1132) also recognized this fact. The
triangular fronto-clypeal reglon, however, was always
intact, Bedard also measured this region, but since he
apparently was mistaken as to the number of instars (113},
pe. 160) it seemed advisable to establish the width of this
region for each instar., Of course, the hijghly sclerotized
mandibles were also always intact. |

Three measurements were taken on each of approximately
two hundred Douglas-fir beetle larvae: head capsule width,
maximum mandible length and fronto-clypeal width. These
data have been plotted in Figure 16 as two scatter diagrams,
one representing head capsule width and mandible length and
the other head capsule width and fronto-clypeal width
(marked clypeus width in the figure). The area of each
circle is proportional to the number of individuals rep-
resented by 1t. The frequency of the individuals in each
unit of measure are represented by histograms along the
horizontal and right vertical axes.

Head capsule widths are essentially the same as

obtained by Vite and Rudinsky, with the exception that those
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in the fourth instar were found by the writer to have a
slightly larger variance, The measurements thus obtained
were used to determine the instar of the host at the time
of parasitism, Another approach was followed to arrive at
essentially the same information, Vite and Rudinsky (11},
p. 160) measured the distance from the egg gallery to where
the head capsules of the individual instars were found.
These data were used in conjunetion with measurements of
the wrlter on the lengths of 200 larval galleries containing
parasite cocoons to determine the instar at the time of
perasitism, Some of theée measurements are plotted in
Figure 17. In this corsideration the vertical scale and
lines of regression may be dilisregerded, Consider only the
position of the points with reference to the horizontal
scale, The broken vertical llnes are the average locations
of the exuviae as determined by the authors mentioned with
the exception that the location of the pupal chamber, or
the upper limit of the fourth instar in the figure, was
moved to the right to include measurements taken by the writer,

As indicated in Figure 17 the perasites commonly
attack the third and fourth instars of the Douglas-fir
beetle but can also attack the second., This conclusion
based on gallery lengths of parasitized larvae was confirmed
by measuring head capsule remnants at cocoon sites,

In the laboratory eggs were laid on all instars except

the first. The parasites developed to the adult stage with
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equal facility on all three instars, although on smaller
hosts they were smaller as adults (see p. 65) and the
development appeared slightly more rapid than when reared
on larger hosts,

In the laboratory larvae in the first instar were
also observed to ellcit normal ovipositional responses from
the searching females, although no eggs were found in the
few cases observed, It 1s possible that eggs are lald
also on individuals of the first instar tut the amount
of food afforded by such a small larva 1s so small that
tlie parasite is not able to complete development. This
would explain the lack of first instar head capsules at
cocoon sites., In this case the death of any parasitized

first lnstar would probably be attributed to other causes,
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DIAPAUSE

The Incidence of Dlapause in Trees Felled on Different Dates

Infested material examined in September, 1959, from
each of three trees felled at Mayy's peak that same year,
had a different percentage of empty (frass filled) cocoons.
The exact date of felling was known for two of these trees,
and for the third the aprroximate date was known. All
insects had emerged from the tree felled in April, Aside
from those insects which had died for one reason or another
all cocoons were fllled with the characteristic frass
pushed back into the cocoon by the adult emerging through
the bark. The other two trees had different percentages
of cocoons with living larvae, the overwintering stage,
present (Table ).

Table L. The influence of felling date of the

tree on the diapause percent in C,
brunneri.

Date No, of No. of % 95% confidence
tree cocoons cocoons with Diapause 1nterval of
felled examined 1 living larvae mean
present

L/20 68 0 0 0

5/28 21l 81 37.9 31.0-45.0
1/1 1152 681 59.1 5643=62,0
approx,)

le Not included 1n these totals are insects which died in
the larval stage. If dead insects were found in the

pupal or adult stage they were consldered as having
emerged since they did not go into diapause.
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A chi square test of independence (66, p. L15=416) led to
the conclusion that the three means differed significantly
(Appendix, Table 15),

The trees felled later in the season naturally
were attacked by Douglas-fir beetles later than those
felled earlier, therefore the beetle larvae resulting
from late attacks reached the stage susceptible to
parasitism later., It was felt that the different environmen-
tal conditions existing at the time of parasitism or during
the immature stages of the parasite were the cauwse of the
difference in the incidence of diapause observed,

The Influence of Photoperiod and Temperature on Diapause
Initiation

Laboratory investigatlons were conducted in order to
ascertain the influence of temperature and photoperiod on
the diapause in this species, since botn factors are known
to play an important role in insect diapause (6l).

Cocoons were removed from storage at 5°F, Half were
placed at a temperature of 75°F, and the other half at 85°F,
As the adults emerged at each temperature the females were
mated to the emerging males. The females at each temperature
were asslgned to one of four containers by means of a
random number table., Each of the four containers with its
clear plastic window to admit light was then subjected to
one of four photoperiod treatments, 10, 12, 1l or 16 hours,

and remained so for one week, During this time these
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females were fed daily a dlet of a water-iioney-yeast
mixture plus dried raisins., Vhen they were one week old
the four contalners of females at each temperature were
assigned at random to one of four cages containing a log
infested with Douglas-fir beetles in the larval stage.

The females were left in the cages for oviposition for one
week, being removed during that time every two days for

an overnight feeding period, after which they were
reintroduced into the cages, During thls week the cages
and the ovipositing females continued to recelve the
photoperiodic treatment initiated at emergence, however,
after tie one week oviposition period, when all females
were removed, all cages received a lé-hour day length,
Sufficient time was allowed for any eggs lalid on the last
day to complete development and emerge before the logs
were debarked. Cocoons were examined to ascertain the
incidence of diapause induced by the treatments., The whole
procedure - was repeated twice more for a total of three
replicationss The results are presented in Table 5,

At both 75° and 85°F, a higher percentage of the
progeny entered diapause in the fifth instar at the shorter
day lengtis than at the lé-hour day length, These differ=-
ences proved real when separate chi square tests of indepen=
dence were performed on the counts at each temperature
(Appendix, Tables 16 and 17). The effects of temperature

at each photopreriod were similarly tested by chl sguare
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Table 5. The effect of photoperiod and temperature
treatments of adult females on the percent
of thelr rrogeny entering diapause.

photoperiod-hours of light per gg

temperature
OF, _10 12 1l 16
75 65(49-78) 70(58-78) T73(62-82) 8(3-16)
85 66(58=-69) T6(66-86) 60(48=71) 0(0-4)

1, PFigures in parenthesis are the 95 percent confidence
intervals of the means,

tests of independence. At the l6-hour day length the means
were different at the 5 percent level, however, they were
not significantly different at the 10-, 12- or li-hour

day lengths, Thus, i1t appears that within the ranges of
conditions tested both temperature and photoperiod play

a role in the diapause in C, .brunneri, with the latter

being more influential than the former,

The Effect of Maternal Age on the Incidence of Diapause

To determine if the age of @, brunneri females had
any effect on the percentage of diapause in thelr progeny,
a group of nine females emerging on the same day were
allowed to oviposit under conditions previously shown to be
effective in averting dilapause, a day length of 16 hours
and a temperature of 75°F, The eggs laid during each two

day period for the entire lives of the females were isolated
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to observe the subsequent emergence of the resulting adults.
All cocoons were examined at the end of the emergence period
to ascertain if there were any larvae still remaining in
the cocoons, which would be those in diapause. All indi-
viduals developed without arrest, indicating that maternal

age does not influence the percent of diapause.
The Critical Stage

There are two cases eited by Lees (64, p. 36) where
there apparently is transovarial transmission of a diapause
determining factor (19; 97). Simmonds found that in
Spalangia drosophilae Ashmead "the percentage of progeny
entering diapause increases with the age of the parent fe-
male at the time of oviposition" (97, p. 388), indicating
that some factor in the physiology of the parent parasite
changes with increasing age. This effect is transmitted to
the egg to determine whether or not the progeny will enter
diapause as larvae. Barlier Simmonds (95, p. 95) indicated
that a species of Cryptus showed the same effect, but this
was influenced by diet (97, p. 402-404).

Iucilia sericata Meigen is another insect where appar-
ently a diapause factor is tramsferred from parent to off-
spring. BEggs laid in the laboratory by flies collected from
the field at different times of the year, showed differing

percentages of diapause when reared under conditions shown
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to avert dlapause in ezgs collected from laboratory-reared
flies, The later in the season the flies were collected
in the field, the higher was the incidence of diapause in
the progeny (19, p. 601). The factors involved in this
cases may be different than in 8. drosophilae since in the
latter insect "approximately the same percentage of larvae
entered diapause in both the early and the later parts

of the seasonal period of parasitism..." (97, pe. 387).
Cragg and Cole tested the dlapause percent in the offspring
of various aged laboratory-reared flies and found no
difference (19, p. 602-603), which is another difference

between L, sericata and S, drosophilae., In S. drosophilae
the temperature at which the parent females are reared

and oviposit influences the percentage of diapause in

the offspring (97, p. 390), whereas in L. sericata it is
probably the photoperiod which exerts the controlling

influence. I take this to be the case even though Dlckson
(25, p. 534) states "although there is a considerable

amount of true diapause in this species, the photoperiod
has no effect." Although he does not state that the

photoperiodic treatments were imposed upon the larvae, I
take this to be the case in view of his work on Grapholitha
molesta (Busek) and Carpocapsa pomonella (Linnaeus),

These three examples ere extremely interesting from
the physiologlecal standpoint since Lees (6l, p. 32-36)
states that "the physical factors which control the onset
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of ddapause often operate on the insect long before growth
is finally errested", even as much as almost a complete
reneration earlier, However, "the final events leading up
to the onset of diapause take place within the life of the
individual”, and earlier, that (with the possible exceptions
noted above), "the sensitivity to external factors 1s

only acquired when the central nervous and endocrine
systeme are already in existence"., It is probable as

Lees indicates that these systems are involved in the
transmission of a stimulus which later determines whether
or not diapause will intervene later,

Cs brunneri appears to be another exceptlon to these
statements, In the experiments described above the adult
females were subjected to the di"ferent photoperiods from
the time of emerpgence from the cocoons uatil the eggs
had been deposited. Since the eggs were deposited within
the larval cells of the host, they were shielded from the
alternate perlods of light and darkness by a talckness of
bark, and it seems unlikely that they could be affected
by photoperiodic influence, The different day lengths,
therefore, must haée acted upon the maternal physiology,
the effects of which were then transferred to the subsequent
generation through the eggs. The ohly other alternative
to this conclusion is that there was a small amount of
light penetrating the bark which was effective in acting

upon the developing embryos or larvae., Experiments were
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started to determine if this was the case, but unfortunately,
due to unforseen technical difficulties no results were

obtained,
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iFFECTS OF THE HOST ON THE PARASITE

Effects of Host on Slze of Parasite

During the course of these investigations it was
observed that in general the smaller cocoons producing males,
were at the ends of the shorter Douglas-fir beetle larval
zalleries, whlile the larger cocoons producing femsales,
were at the ends of longer galleries, To ascertain if
these observations had any baslis in fact, a sample of
Douglas-fir beetle larval galleries in which the larvae
had been parasitized were measured, and the cocoon from
each was isolated in a separate vial, Galleries which
could be traced for thelir entire length were chosen to
avoid the possibility of getting a cocoon from another
gallery., A length of string lald from the parent gallery
along the larval gallery to lts end was compared with a
millimeter rule as a measure of larval gallery length. The
restriction of belng able to trace each gallery for its
entire length reduced somewhat the number of galleries
available for measurement, since in much of the material
on hand the beetles were crowded and individual mines
could not be traced with certainty. No randomization was
done during the course of sampling since the 200 galleries
measured represented virtually a 100 percent sample,

From the 200 cocoons 59 male and U3 female parasites

emerged, They were anesthesized with carbon dioxide and
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measured with a callbrated eyerpiece micrometer in a dissect-
ing microscope at 15X magnification,

The data were enalyzed to determine the relation
between the length of the ho:=t gallery and the size of the
adilt parasite, A test of linearity of regression (66,
pes 295-298) performed separately on males and females led
in each case to the conclusion that the regreassion of the
size of the adult on the length of host larval gallery
was linear (Appendix, Tables 18 and 19). Next, the
hypotheses that the population regression coefficlents
were equal to zero were tested using the F test (66,

p. 263=26l)., F values of 93,79 with 1 and 57 degrees of
freedom and 27,06 with 1 and L1 degrees of freedom were
obtained for males and females, respectively, and led to
the conclusion in each case that the population regression
coefficient was not equal to zero., A test of homogenelity
of regression coefficients (66, p. 344=349)led to the
conclusion that the population regression coefficients
were not the same for the males and females (Appendix,
Table 20).

Measurements are plotted in Figure 17. Indlvidual
lines of regression have been plotted for males and
females with the regression equations and correlation
coefficients listed in the figure,

Thus, there is an obvious relationsulp between

parasite size and host larval gallery length., We may
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reasonably assume that the longer galleries had larger

beetle larvae than the shorter ones, and that the parasite
larvae, having more food available in the larger hosts,

were bigger as a result., PFurther evidence as to the

validity of this conclusion is lent by observations on

the size of this parasite after feeding on different host
specles, When reared on a smaller specles, Scolytus
ventralis. leConte, the adults of Coeloides brunneri are smaller

t~.an when reared on thelr main host, the Douglas-Tir

beetle, Similurly, they are larger when reared on the larger

specles, Melanophila drummondl, although no actual measure-

ments were taken in these two cases,

Effects of Host on Sex of Parasite

It has been observed meny times before that the sex
ratio of parasites issuing from large hosts is frequently
heavily in favor of females, whnile the reverse is true
for parasites from small hosts (16,p 1-9; 35, p. 20-21;
L3, pe 325-334; 5S4, p. 247-259; 92, p. 67-70)s In the
cage of C. brunneri the observatlon was made that males
usually came from short host galleries while females
usually came from long host galleries., Since the shorter
galleries have smaller larvae the same relaticnship was
aprarently true., As a test, the data presented in the
previous section were analyzed. Lengths of galleries

ﬁhving cocoons producing males were compared with those
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having cocoons producing females byat test (66, p. 131-133).
A calculated value of .99 with 100 degrees of freedom,
gignificant at the 1 percent level, led to the conclusion
that the observation was a correct one, It seems likely

to the writer that in the case of C, brunneri the pitch or
volume of the vibrations produced by the tunnelling of the
larzer Douglas-fir beetle larvae has more of a stimulating
effect on the female to activate the sperm and produce a
female than does that produced by the smaller larvae,
Flanders (35) has given an excellent discussion of the

phenomenon,
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DURATION AND RATE OF DEV_LOPMENT OF THE

IMMATURE STADIA AT VARIOUS CONSTANT TEMPEHATUKES

Parasite eggs and host larvae were removed from
within the bark of logs immediately after females finished
ovipositing (see p. 7 for procedure ). Each egg with its
acconvanying larva was transferred to a smell Syracuse
watch glass and quickly placed in one of several constant
temperature cabinets for incubation, with the lapse of
time between completion of oviposition and start of incuba-
tion usually not exceeding 10 minutes, Time of oviposition
and all pertinent observations regerding tempersature and
development were recorded, Examinations were¢ made at
intervals varying from 30 minutes to 12 hours dependirg on
the temperature, stadium and time since the last molt.
Larval head capsule meas.rements were taken at each
observation, thereby indicating when a molt had occured,
In addition, setation of the first and fifth instars were
dlstinetive enough to separate them at a glance from the
second and fourth instars, respectively (see Figure 56),

Following the develorment of a single insect from egg
to adult in this manner gave observations on the duration
of all seven Immature stadia as well as a measurement of
the heaa capsule width of the five instars with absolute
certainty of the instar being measured, A total of 87
insects was observed for all or a part of their development.,

The duration of each stadium in hours and the velocity of
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development expressed as the reciprocal of time are present=-
ed in Table 6 for each stadium at each temperature studied.
These figures have been plotted in Figure 18,

It was difficult to obtain observations on the
duration of the instars at the higher temperatures. At
the lower and mlddle ranze of temperatures the host larvae,
althoﬁgh paralyzed, lived long enough for the parasites
to consume them completely. However, at the higher
temperatures the host larvae died quickly and were soon
invaeded by saprophytic fungi. The parasites would not
feed on larvae in tils condition, That 1s the reason for
the lack of observations at 95 and 100 degrees in Tsable
6. There was a tendency, uost marked at the lower temp=-
eratures, for the fifth instar to zo into quiescence or
diapause, thereby reducing the number of observations and
consequently the reliability of the lower part of the
curve for this instar, WVhether this arrested development
was a trw diapause or merely quiescence due to the low
temperature as observed by Dickson (25, p. 529=531) in

Grapholltha molesta was not determined. This same factor

created a shortage of observations on the duration of the
pupal stage. Therefore, overwintering fifth instars being
held at }5°F, were transferred to the various constant
temperatures to obtain additional observations on the
duration of the pupal stage. This perhaps has caused a

slightly lower average duration for the pupal stage at



Table 6.

Average duration and velocity of each stadium
at various constant temperatures,

72

Temperature °OF,

Stage Time and
velocity 55 60 65 70 75 80 85 90 95 100
Egg no. hours 151 70 5L Lo 33 ‘ 29 24 22 21 27
1/time . 0066 L0143 .0185 .0250 .0303 .0345 L0417 .0Lss .0L76 .0370
First no. hours 105 56 51 28 25 25 26 18 24
instar 1/time .0095 .0179 .0196 .0357 .0400 . 0400 .0385 .0556  .0417
Second no. hours 70 39 33 21 18 17 15 18 32
ingtar 1/time L0143 .0256 .0303 0476  .0556 .0588 . 0667 .0556 .0313
Third no. hours 73 k2.5 29 23 17 13 12 15
instar 1/time .0137 .0235 .0345 .0435 .0588 .0769 .0833 .0667
Fourth no. hours 118 52 k1 30 23 20 17 18
instar 1/time .0085 .0192 L0244 .0333  .0438 .0500 .0588 .0556
Fifth no. hours 310 320 163 130 125 132 150
inster 1/time .0032 .0031 .0061 .0077 . 0080 . 0076 .0067
Pupa no. hours oLs 313 178 131 125 116 13
1/time .0011 .0032 .0056 .0076 .0080 .0086 .007
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Time and velocity curves for the durations of the seven
immature stadia of C. brunneri at various constant

temperatures,
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the higher temperatures than would have been observed
had the lnsects been held at these temperatures for thelr
entire development (55, p. 13=16),

As shown in Figure 18 the means of the observations
at each temperature on each curve, except those for tne
first instar, lle quite close to the rather smooth sigmoid
curve so often observed in biological data, In general
form this 1s the reciprocal of the catenary curve of
Janisch (58, p. 140). After hatching from the egg some
individuals of the first instar wander, often for as long
as 2l hours or longer, before settling down to feed,
while others start feeding almost immediately. It is felt
that this fact has contributed greatly to the lack of
correspondence between points and curve for this instar,

Different vertical and horizontal scales have been
used for some curves in Figure 18 for ease of plotting,
but the similarity of their general shape is readily
aprarent, Eased on these empirical data the optimum
temperature for the development of each stadlum along with the
duration of each und 1ts velocity at the optimum tempera-

ture are shown in Table 7.
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Table 7. Temperature optima for development of
each imnature stadium with duration and
velocity of each,

Stadium Temperature Duration Velocity at
optimum °F, in hours optimum
(1/time)
egg 95 21 LOLT6
lst instar 88 21 0476
2nd instar 85 15.5 0645
3rd instar 45 12 .0833
Lth instar 88  Bd .0588
Sth instar 80 125 0080

pupa 82 h e s .0085
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The total time of development from egg deposition
to emergence of the adult from the pupa has been summarized
for temperatures between 550 and 90°F., inelusive, in
Table 8. The times are in days and each represents the
converted sum of the seven individual values in hours
for each stadium read from the curves in Figure 18,

Table 8, Total time of development at various

constant temperatures as determined
by summing curved durationsof individual

stadia,
Temg;fature Time (days)

55 98.L
60 51.5
65 31.4
70 20,5
75 15.8
80 14.8
85 1.1
90 ' 15.8

Average field temperatures were derived from
hygrothermograph recordings and were used in conjunction
with fleld observations of developmental times. These
corresponded very closely to values obtained in the

laboratory.
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The variation which may occur in the total developmental
time is indicated in Figure 19, It represents the emergence
of parasites reared in the laboratory at 75°F., Females
were allowed to oviposit lnto beetle-infested logs for
33 hours, Cages were examined at the end of each day and
emerging progeny were collected., From the time when adults
first could have lald ezgs urgtlil the collection of the
first of the offspring from the cages no more than 14}
days had elapsed. The longest developmental time was at
least 23 days. 1t 1s felt this veriation i1s due largely to
the size of the host attacked., Observetions indicate that
parasites developing on small larvae develop faster than

those on large larvae,
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Floure 19. The dally emergence of adults resulting
from eggs laid during a 33-hour period,
showing the variation in developmental
time at 75°F. '
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EFFECTIVENESS IN PARASITIZING
DENDKOCTONUS PSEUDOTSUGAE

The percentage of the individuals in any particular
Douglas-fir beetle brood which will be parasitized by C,
brunnerl depends on many factors, Some of these are; the
location of the tree 1.e., whether it is under the closed
canopy of a dense stand or in the open; characteristics
of the bark over-lying the brood; whether the brood is in
a standing or a down tree, and if in a down tree whether
on the top, bottom or sides of the bole; the stadium of
the individuals in the brood when parasites are present;
the percentage of the individuals which are destroyed by
other factors and the time of their destruction; the number
of beetle broods in the immediate vicinity; the number of
parasites present (which itself depends on the time of
the year, the number of host individuals which were present
the previous generations, the distance to the logs from
which they emerged and other factors); the parasite sex
ratio; the size of the females; and the weather, Some of
these factors nave been discussed previously., A few of

those remaining are discussed below,

Effects of Bark Thickness on Parasitism

Cs brunneril females cannot parasitize larvae that are
under bark thicker than the length of their ovipositors.

Eut even though the outer bark of Douglas=-fir may reach a
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maximum thickness of many tlmes the average parasite
ovipositor length, the thickness iIn the crevices separating
these thick places is frequently thin enough for C.
brunneri females to parasitize larvae in the inner bark,
Thus, although two potentlal host larvae may be separated
by only an inch or two of circumferential distance, one
may be inaccessible and the other accessible to the
parasite due to differences in bark thickness. Also, the
same larva may alternate one or more times between belng
accessible and inaccessible as 1t tunnels tangentially under
different thicknesses of bark., Of course, when the maximum
bark thickness at any given height in a tree 1s less than
the ovipositor length of a female parasite, then any
larva at this height may be reached at any time by the
female, This occurs in small trees and in the tops of
larger trees, Yet, another female scarch.ng at the same
heilght in the same tree may not be able to reach all host
larvae because of a ahorter'ovipositor.

To obtain data on the effectiveness of C, brunneri
in parasitizing the Douglas-fir beetle in areas of different
bark thickness, samples were taken at different heights
in a numberbof infested trees. Eight trees were selected
in a stand of second growth Douglas-fir in Vieyerhaeuser
Company's McDonald tree farm near Centralia, “ashington and
sampled approximately every 1é feet in April, 1959, The
trees liad blown down during the winter of 1957-58 and had
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been attacked by Douglas=-fir beetles in the spring of 1958,
The trees were bucked into log lengths and the bark was
removed from the basal two feet 1n each log. Percent
parasitism was determined for each sample on the basis of
cocoon counts and counts of the number of Douglas-fir beetle
larval galleries longer than one inch, The figure of one
inch was used since it has been shown (Figure 17) that unless
the larvae have tunnelled at least thls far they are too
small to be parasitized, In addition, for each sample the
following data were recorded: maximum bark thickness,
circumference of the log at the middle of the sample area
and the percentage of the circumference wiich had outer
bark tninner than the mean ovipositor length of the parasites
(see p. 10 for deseription of a device and its use in
obtaining this percentage).

The trees sampled were of different heights., In all
eight trees at least three samples containing at least
some beetle galleries were obtained., In five of the trees
four samples were obtalned and in three trees there were
five usable samples. The samples were grouped starting
with the topmost sample in each tree, thereby reducing
much of the variation between corresponding sample points
which would have resulted 1f the samples had been grouped
starting with the bottom sample in each tree. The mean
percent parasitism at each of the sampling points has been

plotted in Figure 20, An analysis of variance with a tree
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being a replication was conducted on the percent parasitism,.
Due to the incompleteness of observations at the fourth
and fifth sampling points because of tree height variation
it was possible to analyze only the tor three samples 1in
each tree according to the randomized block desipgn. The
replication effect proved to be insignificant at the 5
percent level, so an analysis of variance was conducted as
it it were a completely randomized experiment (66, p. 167=
169)., It was possible to utilize the data at all five
sampling points in this analysis (Appendix, Table 21), The
conclusion reached was that the percent parasitism is not
the same at different heights in a tree. It is higher at
the top of the tree than at the bottom.

The reason for the difference in parasitism seems
obvious when the percentage of the log circumference at
each sampling point which had outer bark thinner than the
mean ovipositor length of the parasites is consldered.

The mean percentages at each sampling point have besen
plotted in Figure 20. These percentages actually represent
the area of the sample avallable to the parasites for
oviposition. The curves of percent parasitism and percent
available area closely parallel each other, with the

slight deviations of the means of percent available area
from their curved values being reflected by similur

deviations in the means of the percent parasitism,
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However, the curves are not exactly parallel. There
is convergence toward the top of the tree., This seems
reasonable when the gallery pattern of the Douglas-fir
beetle 1s considered in relation to the pattern of crevices
in the bark. The adult beetles obtain entry to the inner
bark at a crevice and construct longitudinal egz galleries,
from which the larval galleries extend at right angles,
Toward the top of the tree a parasite may reach a beetle
larva at any time it nappens to be searching in that area,
since all of the bark area is thin enough. If the parasite
proceeded down the tree bole it would be less likely to
encounter a host larva beneath thin bark, begause not
only does the percent of the circumference available for
oviposition decrease (Figure 20), but also the distance
between avallable areas increases (Figuwm 21). A particular
beetle larva may actually complete its development toward
the base of the tree without ever passing beneath a thin
area, even though thin areas were present elsewhere on

the circumference at that height in the tree,
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IMPORTANCE OF TIMING OF HOST INVASIONS ON PALASITE SUCCESS

The majority of the Douglas~fir beetle invasions from
overwintering adults occurs during April and May. Gallery
construction and egg laying proceed over a several week
period, or longer 1f weather conditions are particularly
unfavorable, Generally, the individuals from the first
eggs laid pass out of the susceptible stage (become pupae)
about mid-July, while those from the last eggs lald in’
these gallerles pupate about mid-August, Adults of C,
brunneri which overwintered as larvae are preéent during
July and use these early beetle broods as hosts for their
progeny, the first generation., Parasite numbers increase
greatly during this generation. Since the photoperiod
was relatively long during the egg-laying period, most of
the individuals of the first parasite generation emerge
the same season (see p. 58 for a discussion of the effects
of photoperiod on diapause),

As hosts for the second parasite generation, the adults
of the first generation may use the late developing
indlviduals from the early beetle invasions., However, some
of these have already pupated by the time adults of the
first parasite generation emerge. Were not additional hosts
made avallable as a result of second beetle invasions, the
full reproductive capacity of C, brunneri would not be

realized, This 1s even more true for the third generation
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which finds hosts exclusively in broods from late beetle
invasions,

The second and third parasite generations contribute
the najority of the individuals to the overwintering
population (see p. 20)., Therefore, the ilmportance of late
or second beetle invasions in regulating the abundance of
C. brunneri the following year 1s apparent, If there were
no late beetle invasions the overwintering parasite
population would be much smaller than it normally is. It
would consist of only those larvae of the first generation
which went into diapause (5 percent or less) plus diapause
larvae (approximately 50 percent in the second generation)
from adults of the first generation which were able to
find iate developing beetle larvae from early invasions.
The parasite is able to utilize other species as hosts,
but it is felt that these are not too important in building
up large populations., The writer was unable to find any
parasite larvae which overwintered more than once, so
the factor of holdovers from previous years apparently
does not enter the picture., The knowledge of the dependence
of O, brunneri on late beetle invasions 1s made use of in
a later sectlion in which control practices for the Douglas=

fir beetle are recommended,
Alternate Hosts

Only Dendroctonus pseudotsugae and Scolytus ventralis
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are listed as hosts in catalogs by Muesebeck, Krombein and
Townes (72, p. 160) and by Thompson (107, p. 106)., Both
of these specles have been confirmed as hosts by the writer,

One other specles should be added with certainty to
this 1ist, Melanophila drummondi is successfully parasitiz-
ed, It 1s only because of a partial ecological separation
between 1t and ga‘brunnefi (see p. 27) that the incidence
of parasitism is not greater,

Adults of C, brunnerl have been reared from cocoons
found in galleries of other species found in Douglas-fir,
but identification in these cases is based solely on
gallery patterns. The probable hosts are Pseudohylesinus
granulatus (LeConte) and at least one species of Cerambycidae.

That C, brunneri lays eggs on several species beneath
the bark of Douglas=fir is not surprlsing since females
have been stimulated to oviposit through bark merely by
scratching the inner surface (see p. 27). With the
exception of S. ventralis all species of known hosts are
found in Douglas-fir, The exlstence of an alternate host
in another tree specles could be especially valuable to
the parasite during times when few Douglas-fir trees

suitable for breeding for 1its main host are avallable,
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DOUGLAS-FIR REETLE CONTROL RECOMMENDATIONS
INVOLVING COLLOIDES BRUNNLAI

The current Douglas-fir beetle control methods
consist of a rapid salvage of beetle-infested trees so
that the beetles may be destroyed during the milling
operations before emerging, This metinod does little to
shift the population balance in favor of natural control
agents because the latter are often destroyed along with
the beetles. Because of thls fact serious bestle infesta-
tions may continue or reappear, Methods need to be devised
wnleh will take advantage of the biological control agents
and aid them in holding beetle numbers at low levels,

Cs brunneri 1s a parasite, which under certain condi=-
tions can effect a hizh degree of control. Evidence as
to 1ts ability is presented in Figure 22 where virtually
every beetle larve in the one gallery shown has been
parasitized under natural conditions, Thls parasite has
been seriously hampered in its efforts by being unable to
occupy fully the distribution of its host within a tree
because the thickness of Douglas=-fir bark is often greater
than the parasite ovipositor length. This drawback will
become less serious as old growth stands are converted to
younger second growth and management becomes more intensive.
The trees will be smaller and the bark thinner.

It is felt by the writer that populations of C,

brunneri should be maintained at a level sufficiently



A Douglas-fir beetle gallery in

Filgure 22.
which the brood has been heavily
parasitized by C. brunneri under
natural conditions.
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high to act as a damper on any potential large scale
inecrease in beetle numbers, for actuelly it is only when
beetle populations become excessive that there is large
scale tree killling. This will necessitate fostering
beetle populations in small diemeter trees where parasite
increase will be favored, and postponing removel of these
trees until parasites have emerged. The present practice
of rapld milling to destroy beetle broods before they
emerze should continue, but discretion should be used in
selecting the trees and the time of the year for their
removal, The specific trees which shou.ld be removed and
the times of the year during which this should be done
will be discussed below along with other recommended
practices,

All trees invaded by beetles in early spring should
be removed from the woods some time between August 15
and April 1 of the following year. By August 15 the first
generation of C, brunneri will have emerged, and soon
after April 1 of the following year the beetle broods
will emerge,

From a study of the diapause in C, brunneri (p. 57)
1t is known that the percentage of parasites which over-
winter depends on the date of parasitism, which in turn
depends somewhat on the date of initlal beetle invasion.
The earlier in the season that beetle invasion and

parasitism occur in any given log, the smaller will be the
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percentage of parasites overwintering in that log, and
vice versa., Many of the trees that beetles use as breeding
material are windthrows occuring during tie winter and
are heavily invaded during spring. The percentage of
parasites overwintering as a result of these early
Invasions 1s small. The najority of the parasites emerge
the same season and parasitize broods from later beetle
invasions or larvae resulting from eggs laid late in
galleries established early, Some of the parent beetles
reemerge after the first zallery is complete to establish
a second brood, They often pre-enter the same log, It is
recommnended that trees be felled just prior to this time
so that only late beetle invasions will be made in
thiese freshly felled trees, This practice could be ine
tegrated with thinning operations, for trees which should
be thinned would probably possess the qualifications of
being excellent parasite brood trees., That is, they are
likely to be suppressed and therefore small, and after
felling they would be located under a closed canopy,
which has been observed to be preferred by parasites for
oviposition., Kesearch is needed to determine the number
of trees which should be felled on any given area,
Probably during June 1s the best time to fell these
trees, but this may vary according to the locality and from
year to year, They should be left in the woods until the

middle of July of the following year after which time
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they may be salvaged 1f economlically feasible, If the
thinned trees are large the basal portions should be
removed before April 1 of the following year, and only

the tops should be left, It appears now that a diameter
of approximately 12 to 1li inches will be marginal for the
decision as to whether to remove a log early or to leave it
until after parasite emerzence, THowever, further research
is needed to determine more exactly this 1limit, The trees
and portions of trees left will act as reservoirs of
overwintering parasites which will be ready the following
spring to check any rapid increase in beetle numbers due
to suddenly favorable conditlions, such as an abundant

food supply due to a severe winter windstorm,

Bedard (3, p. 113L) speculated on a method which
would reduce beetle numbers without reducing parasite
numbers. He pointed out that there is a delay between
invasion by the Douglas-fir beetle in the spring and
parasitsm of its brood by C, brunneri in the early summer.
If these newly invaded trees were debarked and the bark
burned during this time, he sald, the parasite would not
be destroyed. He did not categorlecally advocate this
rractice, however, due to the fire hazard at that time of
the year, Any attempts to use direet control methods
against the beetle before the broods are parasitized,
such as he mentioned, necessarily involves early detection

which is often difficult on & large scale, Too, the labor
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force and mouey [or control are often not available to do
the Job in the necessary time, A Turther objection to
tlhils metihiod of control 1s that parasites are thereby
deprived of hosts, Ly walting until after August 15 t

do the cantrol (or removal) not only are the overwintering
parasites asaured of hosts on whilch to lay their eggs, but
also subsequent parasiis zenorations are assurcd of hosts,
because of the offspring from reemeried parent bsetles,

I% nust bHe realized that the recommendations set
forth hei2z do not talic into conslderation tueir possible
effects on othizr natural control agents such as Nedetera
aldrichii, Therefore, they may need modiflcation wien
more complete 1life histories of the other biotiec agents are

Imown,
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ENPRYOLOGY AND MORPLCLOGY OF THE IMMATURE STADIA

Description of the Egg

The egg is an elongate cylindrical shape with a long
tapering tail (Figure 23) and corresponds to the "stalked
type" of Clausen (17, ps. 14)e Its widest portion is
approximately one-{ifth
of the distance from tha'_
anterior end, Anterior.
to the widest region 1t

tapers concavely to the

broad, rounded anterilor

end, The gradually Figure 23, Outline of an egg
of Cs brunneri,

tapering tail is usually

slightly curved and ends in a small acute point. Average

overall length is approximately l.3 millimeters, while at

the widest point the eggs average aprroximately 0.15

millimeters.

The newly lald egg 1s an homogeneous, translucent
white color, although the ends soon clear and become
transparent, The chorion 1ls thin, elastic and devold of
any conspicuous sculpturing. Internal to the chorion is
the thin vitelline membrane enclosing the egg contents.
Inside the vitelline membrane lies ajlayer of peripheral
protoplasm, the cortical layer, or periplasm, which is

continuous with the internal protoplasmic reticulum
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extending throushout the yolk or deutoplasm, In the center
toward the posterior pole is a mass of germinal cytoplasm,
the o8scme, which stains heavily with alum carmine or

Harris' hematoxylin,

Enbryological Developmentt

Cleavage and blastoderm formatione- During the first

two hours of incubation the yolk withdraws slightly from
the anterior end of the egz and almost completely from

the tall., After this time the egg 1s in the 32-nuclous
staze, The cleavage center appears to be located in the
center of the yolk mass approximately one-fifth to one=
fourth of the way from the anterior pole, for this is

the area from which the cleavage nuclel spread, Two hours
after eggz deposition the nmeclei are arranged in an elongate
group in the center of the yolk extending from approximately
one=-eighth to one~third of the distance from the anterior
pole, Each is surrounded with a rather well defined but
irrecularly outlined mass of protoplasm, The discreteness
of these protoplasmic masses, each with a nucleus, has

led to their being called cleavapge "cells"™ (78, p. 163

100, p+21), but they are not, strictly speaking, cells,

l. The following observations were made on eggs after
incubation for various periods at 75°F. At this
temperature the total development from egg deposition
to rupture of the chorion by the emerging first instar
is approximately 33 hours (see p. 72).
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ginee they &re not bounded by cell membranes at this
time, Dy three hours the nuclei have multiplied to
number 256, have spread out further caudad and exhlbit a
clgar-shaped configuration, Figure 2 is a cross section
through the anterior region of a three-hour egg. The
rniclel are arranged in a circle concentric with the center
of the egge It can be seen that the multiplying nuclei
.in the center of the egg have gathered around themselves
the protoplasm formerly held in the reticulum of the
central region, leaving the yolk in this area devoid of
protoplasm. The reticulum peripheral to the cleavage
miclel as well as the periplasm remain as before.

By the fourth hour, and with a further increase in
number, most of the nuclei in the anterior half of the
ers have migrated to the egg periphery and have entered
the periplasm, Those in the posterior halfl may still be
seen in the process of their peripheral migration, with
the nuclel in advance and the accompanying protoplasm
strung out behind for a length of several times the
nuclear diameter. ©Some nuclel never aigrate to the
periphery but remain within the yolk as primery yolkx cells
or vitellophags,. Since both the cleavage and differentiae
tion centars are located in the anbterior portion of the
egg the posterior rportion lags venind in this peripheral
migration of nuclei as well as all stages of later develope

mente. By the fifth hour all nuclei wiich are to reach the
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Cross section through the anterior region of a
three-hour embryo showing the arrangement of the
cleavage nuclei., Kahle's fixative, Alum
carmine, 10p. Photomicrograph.

Cross section through the anterlor rezion of a
five-hour embryo showing the beglnning of cell
wall formation in the blastoderm, Kahle's
r'ixative, Alum carmine, 1Op. Fhotomicrograph.

Cross section through the anterior region of a
seven-hour embryo. Kahle's fixative, Alum
carmine, 1l0Up. FPhotomicrograpn.

Sagittal section through the posterior pole of
an eight~hour embryo showlng the germ cells.
Kahle's fixative. Harrls' hematoxylin. 5p.
Photomicrograrh,
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periphery have done so, Bronskill (9, p. 659) termed
the egg at this time the blastema, contrasting it to the
blastoderm which is after the cell walls have formed,

Up to the time the nucleil reach the periplasm the
divisions eppear to be synchronous, However, once at the
periphery this synchronization throughout the egg gives
way in favor of posteriorly passing waves of activity
where only the adjacent nuclei are at approximately the
same stage of division, In a five-hour egg a complete
cycle of mitosis from interphase to. interphase can be
observed in contiguous cells in a reglion occupying
epproximately one-fifth the length of the blastema., It
is obvious, therefore, that the posterior region of the
egg may lag the anterior region by several divisions, The
plane of division is normal to the egg surface, resulting
in a single layer of cells,

Between the fourth and fifth hour in the anterior
region and between the fifth and sixth hour in the
posterior portion of the egz there appear depressions
between the nucleli. The depressions rapidly deepen, cutting
off each nucleus laterally from its neighbor (Figure 25).
This 1s the beginning of cell wall formation. The partially
completed cells are still connected centrally by the
periplasm at this time, Soon cell walls are extended
centrally from these infoldings until between the sixth and

seventh hour in the anterior portion of the egg, the
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blastoderm cells are completed by the union of the walls
centrally, Internal to the blastoderm cells a layer of
protoplasm is thereby cut off, the inner periplasm (Figure
26) which disappears between the eighth and ninth hour,
Meanwhile, the blastoderm cells have increased in number,
by posteriorly passing waves of mitotlice activity and have
become columnar,

The completed blastoderm at eight hours is of
approximately uniform thickness on the ventral and lateral
sldes, In the dorsal region the cells soon to be
differentiated into the serosa are slightly less columnar,

During the process of cell wall formatlion the
vitellophags are scattered quite uniformly throughout the
yolk except for the region immedlately adjacent to the
blastoderm cells where there are none (Figure 26),

Formation of the inner layer and mesenteron rudiments-

Between the eighth and ninth hour anteriorly along a
lateroventral line on either slde, the lateral folds

begin to form, They are visible externally as shallow
grooves and divide the blastoderm into a middle (ventral)
and two lateral plates, By the ninth hour these later-
oventral grooves have progressed to the posterior end of the
embryo, diverging from the midventral line somewhat more
than at their anterior ends. Cephalad the middle plate
occuples approximately one-fifth or less of the circumference

of the egg, whlle caudally 1t occuples approximately
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one=-fourth,

¥hile the lateral folds are differentiating in a
posterior direction, anteriorly the lateral plates are
growing beneath the middle plate, which at the same time
is spreading out laterally inside the lateral plates,
Concurrently, there is an infolding of the blastoderm
anterior to the middle plate, This 1s the site of the
anterior midgut rudimentl. Because the posterior regions
lag the anterior reglions much of thls process can be
obaeryed in successive sections from the same embryo,
Successive stages of this process are shown in Figures
28«30, three sections through a single embryo at nine
hours through the regions of the anterior midgut rudiment,
immediately posterior to the anterlor midgut rudiment

and toward the posterior end.

1, Nelson concluded that the anterior midgut rudiment in
Apls arose as a result of immigration of the surrounding
blastoderm cells (78, p. 62) and 1t was only later that its
further growth was due to proliferation, This is in contrast
to the conclusion reached by Carriere and Eflrger for Chaleidoma
who stated, "Es findet kelne Elnsenkung, Einfaltung oder
Usberwachsung statt, sondern auf gewissen Gebieten (Inseln)
des Vorder- und Hinterfeldes vermehren sich die Blastoderme
zellen durch mitotische tangentiale Theilung" (15, p. 293).
Figure 28 strongly suggests that Ce brunneri is similar to
Apis in this respect,
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Figure 31,

Figures 32-33.
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Three cross sections through a nine-lhour

embryo showing the initial differentiation
of the anterlior midgut rudiment and the
middle and lateral plates. Kahle's
fixative, Harris' hematoxylin. 7 p.
Photomicrographs. 28, Through the
anterior midgut rudiment, 29, Through the
anterior portion of the embryo posterior

to the anterior midgut rudiment. 30,
Toward the caudal end of the embryo.

Cross section through the anterior midgut
rudiment of a 10~hour embryo. Kahle's
fixative. Alum carmine. 1lOp. Photomicro=-
graph,

Two cross sectlons through an ll<hour
embryo. Kahle's fixative. Harris!
nematoxylin, 7 @m Photomlcrographs,

32, Through the mid-abdominal region.

33. Through the posterior midgut rudiment,
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By the tenth hour anteriorly the lateral plates
(ectoderm) have aprroximated each other along the midventral
line and are closing over the anterior midgut rudiment
which is now composed of loosely aggregated cells projecting
dorsally into the yolk (Figure 31)., Immediately caudad
of the anterior midgut rudiment the middle plate (mesoderm)
has spread laterally to occupy between one-third and onee
half of the inner circumference, There is now more than
one layer of celle in the mesoderm., Caudoventrally the
cells of the middle plate have lengthened forming a definite
thickened area which by the eleventh hour has migrated
dorsally as the posterior midgut rudiment and has been
partially overgrown by the lateral plates. The lateral
rlates by the eleventh hour are aprroximating each other
caudodorsally as well as having fused ventrally feor almost
their entire length (Figure 34). The mesoderm has spread
out further within the ectoderm and nof occuples greater
than one-half of the internal circumference (Figure 32).

The cells have become arranged into an outer somatic layer

and an lnner splanchnic layer.

Lxternal segmentation and definitive head formation-
The first external evidences of segmentation oeccur between
the ninth and the tenth hour when the second maxillary
segment 1s delimited by transverse grooves., The cells of

the ectoderm cephalad of the anterior midgut rudiment
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lengthen while cephalodorsally the cells of the serosa

are rounding up, By 10 hours the aérosal cells are severing
their attachment with the lateral ectoderm and falnt
transverse segmental grooves may be seen marking off the
first maxillary segment and the first two thorscic segments,.
At the eleventh Lour the labrum is distlnet as a single
ventral lobe cephalad of the anterior midgut rudiment, The
lateral plates in this region have undergone a dorsomesial
extenslon and now approximate each other anteriorly.

The mandibular, thoraclc and several abdominal segments

are all now evident,

There has been a tendency for alternate segments to
become more distinctly delimited than the others, and this
is best lllustrated in the accompanylng figures by the
ventral view of the ll-hour embryo and the lateral view
of the lij~hour embryo in Figure 3,

The labral lobe assumes a median cleft by 13 hours.

Ey this time segmentation has proceeded caudally in the
abdomen until all but the last few segments are at least
faintly visible, The constrictions between the gnathal
segments deepen sharply laterad, particularly those on
elther side of the second maxillary segment, The labral
lobes are larger and their ventrolateral margins are

marked by distlnet grooves oxtending cephalodorsally form
Just anterior to the anterlior midgut rudiment, Cerhalovenw

trally to what are to become the mandibular lobes faint
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Figure 34. Drawilngs of lateral and ventral views of
whole embryos after incubation for variocus
pgriods at 759F, Chorion and serosa removed.
X35,
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evidences of the intercalary sezment may be seen, The
stomodaeum commences its invagination about thls time,

By 14 hours the antennal rudiments appear at the
laterocaudal angles of the deutogcerebrum, The lateral
aprendage lobes are becoming distinet from the ventral
neural crests in the znathal segments, while the labrum
i1s further constricted and appears as a large, bilobed,
bulbous appendage, The later development of the head as
seen in external view involves: completion of the diff=
erentiation of the gnathal appendages and thelr cephale
omesial migration; the aprroximation of the second
maxillary lobes mesially by the twentleth hour and
finally their fusion into the labium by 24 hours; the fusion
of the two labral lobes by the sixteent: hour; the cephaloe-
dorsal migration of the antennal rudiments; the dis-
appearance of the intercalery lobes; a sinking in of the
neural crests beneath the migrating gnathal lobes; the
overgrowth of the brain lobes by the ectoderm and the dorsal
fusion of the latter,

The lablial glands arise as a palr of paired invaginae
tions of the ectoderm at the caudoventral marzins of the
labial lobes between 1l and 15 hours., As the four invagzina-
tions extend caudad the tubes of each slde fuse anteriorly,
The common duct on eilther side lengthens as the distal
ends extend caudad, the latter reaching the fifth abdominal

segment by 18 hours and the seventh by 24 hours, The fork
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of the lablal gland is in the second abdominal segment in
embrvos past 2|} hours (Pisure 52)., As the lahial lobes
approach each other the single narrow ducts of the glands
of each side fuse into a short median duet at about 20
hours (Figure 50),

The embryonic tentorium appears to form as in the
honeybee (78, p. 175=179), however the anterlor arms are
much more slender and no lateral spurs were observed on
them,

The three thoracic and the ten abdominal segments,
the difinitive number, are not all visible until 16 hours,
Dorsal closure is complete at 20 hours,

Between 22 and 2l hours the cells in the anterior
and posterior portions of the midventral hyrodermis of
the meso=-and metathorescic and the first seven abdominal
segments thiclken to form an anterior and posterior lobhe
on each segment (Figures 3l and 51), On the eighth
abdominal segment there is only an anterior lobe, These
largely disappesar before eclosion, The cuticle 1s secreted
between 28 and 30 hours,

The processes of cephalization and dorsal closure can
be seen in Figure 34, lateral end ventral views of whole

embryos of various ages,
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Pizure 35. Saglttal ssction througn an smbryo at about
10} hours., Kahle's fixatlive, Harris!
hematoxyline. 7 pe ZPuobomlerograpiie

Flgure 36, Saglttal seetion through the head ol & 13-
hour embryo. Kahle's fixative, Harris!
hematoxylin. 5 p. Puotomlerograpi.

Figure 37. Parasazittal sectlion nszar tue mlde-line turough
the head of an 18«hour embryo, Xahle's
flxative. larrls' hematoxyline 7 me Fhotoe
micrograph. '

Figure 38, ©Sagittel section through the head of a 20=-
hour embryo, Kalle's [fixative, Harris!
hematoxylin., 7 e Photomlcrograph,
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Developunent of the serosae The serosa forms frcocm &

narrow band of cells of the dorsal blastoderm, the dorsal
strip, Originally columnar, the cells of the dorsal strip
round up at about the time the lateral plates begin to

close beneath the niddle plute (Figure 29). In the anterior
region of the egg this takes place at about nine hours,

The cells sever thelr comnection with the lateral plates

at about 10 hours, begin to spread cephalad and laterad

end cover the dorsal end of the embryo (Flgures 35 and 39).
“he serosa then spreads ventrally and finally fuses slong

the midventral line. Its differentiation from the lateral
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Figure 39. Development of the serosa, The time
of incubation at 75°F, in hours is given
by the numbers in the figure.
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plates and 1ts ventral growth over the embryo is slower

caudad t en cephalad (Figure 39). The envelope is complete
in l5«hour embryos, The serosa was not observed to

secrete a cuticular layer as in Pteronidea ribesii (93,

Pe 103-10l.), Althouzh an amnion is formed in some
Hymenoptera (2, p. 663 9, r. 666), 1t is absent in others

(57, pe 185; 78, p. 82-88), None was observed in C, brunnai,
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Omaogeresis- The alimentary canal: The initial
formation of the anterior and rosterior mesenteron rudiments
has been discussed previously (p. 99). By the time of the
initial inveginetion of the stomodaeum at ahout 13 hours
the cells of the enterior midgut rudiment have proliferated
dorsally and laterally around the anterior end of the
yolk., Prom this position it grows posteriorly as a single
dorsal ribbon of cells (Figures 36 and ) and meets with
2 similar but broader ribhbon from the posterior midgut
rudiment., The two unlite slightly cephalad of the middersal
position between 16 and 18 hours. The ribbors meanwhlle
are spreading out laterally and then ventrally around the
volk to complete the midgut epithelium by 20 hours, In
Ammophlla campestrls there are two ribbons anteriorly and
two posteriorly which unite one-fifth of the way back in
the embryo (2, p. 65). In Angitia vestigialis there are
no anterior and posterior ribbons, but "individual yolk
cells are deposited at the surface of the yolk synicytium
and they coalesce to form the continuous wall of the midgut
" (57, p. 187). This is similar to Eurytoma aciculata
(56, ps 15), The process of sinking in of the
posterior midgut rudiment at about 11 hours appears to
correspond with the initial stages of the proctodaeal
formation, The ectoderm seems to follow the posterior’
midgut rudiment inward and finally closes in behind it in

a manner still uncertain by about 1l hours. The proctodaeum
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ini1tially 1s more ventral than terminal hut assumes its

m™

terminal position by U hovra, The two Malplighian tubules
firat appear at the Llp of the proctodeeal invagination at
16 hours. They extend cephalad beneath the yollk, their
ends reaching the third abdominal segment by 2l hours and
the first abdominal segasnt by 26 hours,

Several folds appear in the enlerged posterior portion
of the stomodaecum between 22 and 2l hours (Figure 50).

The cells comprising the floor of the stomodaeum are at
flrst rather large and restrict communlcation between the
fore~ and midintestine (Flgure 38)., By 2, hours only

a thin membrane separates the two (Figure 50). The center
of thls membrane is broken down in 20-hour cubryos.

The gonads: The formation of the jerm cells in
insects has been divided by Melsen (76, p. 554) into
deveral proups according to the tilmo of their differentia-
tion. (., brunneri 1s in the first category where they are
differentlated before blastoderm formation, The pole
(zerm) cells are recognlizable as carly as five hours as
a group of round cells lying outside the blastema at the
posterior pole, They retaln this position while cell
walls are formed in the blastoderm (Figure 27). Between
the eighth and ninth hour they migrate cephaloventrally
to 1le beneath the site of the posterior midgut rudiment
(Figure 40). As the latter sinks beneath the lateral

plates the germ cells migrate inwards and come %o rest
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beneath the prolifersting midgut rudirment. It eppears

that not all of the pole cells thus enter, hLut some remain
outside indefinitely end form a compact group exterior to
the proctodaeum, In lfhour embryos the germ cells heve
separated into twc groups, one ventrolatersl on either side
of the midgut, and are closely aprressed by mesodermal
celle dorsally, ventrally and laterally. Fy 16 hours

some mesodermal cells have begun to ensheeth the germ cells
end are distingulshable from the latter by thelr smaller
size and darker staining qualities (Figure L42), This
mesodermel covering becomes quite thin by 18 hours., Ey

20 hours the gonads occupy their definitive dorsolateral
position in the eighth abdominal segment and apreer fully
formed witl. their ducts leading vertrelly and atteching

to the ventral body wall, No gross differences were

noted between the structure of male and female gonads,
However, the ducte in some cases were attached to the
posterior portion of the seventh abdominal segment and in
others to the posterior portion of the ninth, allowing

identification of females and meles, respectively.
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Figure LO. aresagliiel section near tie mld-line at
the caudal end of an embryo at about 10%
hours, Kehle'ls fixa Live. Hurrls! Lien GLO.,LJ.I'J..
7 po Photomlcrograph,

Figure Lles Sagittal section through the caudal end of a
1l -hour embryo. Kalle's fizative. Haryis!
hematoxylin, 7 m. Photomicrograph.

Figure 2. Cross section through the germ cells of a
l6-hour embryo, Kahle's flxative, Haruis'
hematoxylin, 7 pe Photomierograph.

Figure 13, Cross section through the gonads of a 20-hour
embryo, Eanle's fixative, &ilum cearmsine.
10 p. Photomicrograrh.
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The ventrsal nerve cord: foon after the ventral
closure of the lsters) rletes towerd the anterior portion
of the embrye between the tenth and elevernth heour, e
neural crest develops on either side of the medlan neural
groove, Neuroblasts have hecome differentiated within the
neural erests by 11 hours (®izure 32), The multiplilcation
of the neurogenic cells and thelr differentlation from
the ventral hypoderais follow during the next several Lours
so that by the sixteenth hour the zanglion cellz have
spread out laterally on either 3ide of the now shallow
neural groove (Figsure |16), The ventral hypodermis at
this time is distinet from the nervous tissuwe, but the
two are still eclosely aprressed, By 18 hours the ganglion
cells heve become compacted together and have completely
separated from the hypodermls in the intrasegmental reglons
of each of the three gnathal and first few trunk segments
(Figure 37). The intersegmental recions still retain
their connections with the.ectoderm, however, and the
zanglia in the posterior abdominal rezlon are still
differentiating at this time., In 20=hour embryos all
ganglia have completely severed their attachment with the
hypodermis except in the elzhth, ninth and tenth abdominal
segments, and fusion of the gangllia of the mandibular,
maxillary and labiel segments into the suboesophageal
ganglion has begun., The fusion is complete by 24 hours
(Figure 50), Fusion of the tardily developing eighth,
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ninth and tenth ahdominal sanzlla ecomisnces about this
time but 1s nst complote until ahont 28 hours,

Thus, the definltlive ventral nerve cord consists of
the suboesophazeal ganglion representing the fused
mandibnler, maxillary snd lablal ganglia, followéd by
three thoracic, seven indlvidual abdomlnal ganglia and one
compound terminal ganglien representing the Tused ganglia

of the eighth, ninth and tenth abdominal segments,
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Rlgure 5.

Flaure L6,

Figure L47.

Tigure 48,

Figure L9.
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.J_ OS85 BGI( ;;'.?__‘:_. ';I 11 ..'l\).:L in '.-'ll"n. 1‘...J. T Se 'ch,nt
of a 15<hour embryo. Fahle's fixative, Harris!'
...'...‘ & '0"';-’ 1_.;. P. .‘LOLJ\.) .].J...,- _‘__').'. '.i.i-‘_l.

Cross sectlon bthroughh the mandibular segnent
of a lb=hour embryo. Kahle's fixative.

Ty innan g o o s $ ~y T~ vl svn 2 ony Ty
Harrlis' homatoxylin, [ Pe Photomicrozrapi,.

Cross section through the second thorael
segment of the same embryo as in Flgure uS.

Cross section through the second thoracic
segnent of an 18«hour embryo, Xahle's
fixative, Harris' hematoxylin. 7 p.
Photomicrographs.

Cross sectlon through the bralin, circumoesophage
eal connectives and suboesophageal ganglion of

& 20«hour embryo, Xahle's fixative., Alum
carmine. 10m. Photomicrograph.

Cross section through the head of the same
mbryo as 1n figure 48 slightly more caudad,
intersecting the optic lobe of the brain, the
tentorium and the suboesophageal ganglion,
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The bralin and stomodasal nervous szystem: As far as
could be deterained the developmant of the hrain is simllar

In most respects bto that in Apis (73, p. 142-15A).

However, the proto-and dautocerebrun are not as sviisent as
d1stinet lobes separate from the rest of the ectoderm

on the external surface of whole embryos as in the honeybee,
The neurogenic area of the intercalary segment (tritocere=
brun) becomes evident in surfaee view in 1~ und 15-hour
embryos as small lateral swellings at the anterior ends

of the neural crests cephalomesiad of the mandibular

lobes (Pigure 34). The deutocerebruam is represented Ly

the area ecephalodorsal to the tritocerebral swellinge
between the lateroventral mandibular lobes and the labrum.
The antennal rudiments mark the caudolateral ansles of the
deutocersbrum,. The protocerebrum 13 dorsal and somewhat
posterior to the deutocerchrum but 1s not distinetlyserarated
from the latter,

During the course of cephalization the intercalary
segment becomes reduced, and much of the area appears to
sink in with the stomodasal invagination, The intercalary
lobes, very evident in 15-hour embryos, are no longer
visible on the surface of lé-hour embryos. The invagina=
tion of the caudolateral portion nf the protocerebral cptie
lobes (Figure L9) are evident on the surface of 1l8-hour
embryos (Figure 3l),

The frontal ganglion ori :inates at 15 hours as =



group of eells of the dors=al =tomoduasel wall, Iy 2l lours
the fusiform ganglion (Tigure 50) oeceouples its definitlve
position medially above the stomodaeun nephidloventral to the
deutocerebral lobes of thie brain, Lxtending caudad

from tﬁe frontal genglion, the recurrent nerve enlarges

slightly into & rudlmentrry oceupltal ganglion above the

rosterior enlarzement of stomodaeum (Figure 50).
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Thres sectlons through a 2§-hour eabryo.
Kahle's ’ixative. Harrls' nematoxylin,

5 p. Photomlerozraghs, 50, Saglittal
section tnrough the haad. 51. Para-

Sa *.tt_a.l section thr ouz the hesd 1inter-
secting the ctroumoeso“na?eal connsctives.
32, Paragsaglttal asection Ilntersecting

the lablal gland.
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The tracheal system: Slight indentations are present
in 12-hour embryos, however it is not until 15 hours that
the tracheal Invaginations are plainly visible on the
external surface, Ten palrs of arcuate pits are present,
one palr on the cephalic margins of the meso-.and
metathoracle and the first eight abdominal segments, They
are allgned in a straight row along the side of the embryo
(Figure 34). The line of invaginations is slightly more
dorsal cephalad than caudad, By 16 hours the line of
invaginations has become oriented with the long axis of
the embryo and their arcuate shape has changed to circular,
Internally each invagination sends branches dorsad, ventrad,
cephalad and caudad, By 18 hours the cephalic and caudal
branches have united into the lateral 1ong1tudina1 trunks,
the dorsal and ventral branches have lengthened and the
ventral branches in the abdomen have divided into two.

Also by this hour the 1nvag1natiop originally on the
cephalic margin of the mesothoraciec segment has migrated to
& position on the posterior portion of the prothoraciec
segment, and that on the metathoraclic segment has closed
over leaving no visible trace on the external surface.

By 24 hours one of the ventral branches of each abdominal
segment has united beneath the nerve cord with its mate
from the opposite side. The posterior branches from the

eighth abdominal segment have extended caudad and ventrad
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to unite beneath the rectum and a cephalic branch from

the first pair of spiracles have united behind the brain,
The tracheal system in the embryo as far as could be
determined is simllar to that in all the instars. Since
the fifth instar is larger and more easily studled than

the embryo, the complete tracheal system of a mature

larva 1s illustrated instead of an embryonic system (Figure

53). The structure of the spiracle is shown in Figure 5.,



Figure 53,

Figure 5.

Figure 55.
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Tracheal system of the left side of a fifth
instar flattened into one plane. Drawn
from dissections and corrected with the aid
of sections,

Spiracle and valve of a fifth lnstar, Bouin's
fixative, Harris' hematoxylin and eosin, 1O0m.
Photomicrograph. »

Somatic musculature of the left side of a
fifth Instar flattened into one plane, Drawn
from dissections and corrected with the aid
of sections.
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The musculature and circulatory systems: The develop=
ment of these systems appears to correspond closely to that
in Apis (78, p. 189-212), so no extended discussion will
be presented, In Figure 50 anterior termination of the
dorsal vessel is seen immediately dorsad of the stomodaeum
and beneath the brain,

The mesodermal cells forming muscles elongate and
become aligned in their respective positions starting at
18 to 20 hours, Attachment to the hypodermis occurs by
24 hours, Instead of 1llustrating the somatic musculature
of an embryo which is difficult because it must be studled
from sections, that of a fifth instar is shown (Pigure 55),
The system in both stages appears similar, and the fifth
instar because of its size allows gross dissections to be

used for study.

External Morphologzy of the Larvae

First instare The first instar is clear white in

color and consists of a head and 13 body segments, subedual
in length but diminishing gradually in diameter toward

the caudal end. Overall length at eclosion averages
approximately 1.1 milliﬁeters. The sides of the head in
dorsal view are nearly straight for approximately two-
thirds of the length of the head, converging slightly
anteriorly and merging with the broadly rounded cephalie

margine. The conical antennae are in a cephalolateral
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Flgure 56. Larvae of C. brunneri A, First instar,

. Fourth instar, (The second and third
nstars are similar except for size.)

. Fifth instar. D, Sensory setae and
cuticular spines of a fifth instar,

QP
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position where the straight sides of the head give way to
the round anterior mergin. Head capsule width measurements
for all the instars are ziven in a later section. In
lateral view the antennae are seen to lie slightly above
the midline (Figure 56A). The labrum, maxillae and labium
are grouped about the mouth opening as a cup=-shaped
prominent cepialoventral projection from the head capsule
proper.

Each of the first 11 body segments bears a prominent
band of sensory setae around the middle in addition to
several smaller scattered setae. The twelfth and thirteenth
segments have only a few scattered setae, Those in the
bands around the segments are approximately 0,012 millimeters
long. Nine pairs of spiracles measuring approximately
0.0014 millimeters in diameter are present, one on each
of the flrst and fourth to the eleventh body segments,

All are located slightly dorsad of the mid-lateral line,
that on the first segment just cephalad of the caudal
margln of that segment, while those on the fourtin to the
eleventh segments lie just caudad of the cephalic margins
of their respective segments.,

The first instar is distinct from the other four
instars in having the prominent bands of setae around the
first 11 body segments and in having a head capsule with

nearly straight lateral margins when viewed from above,
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Second, third and fourth instars- The external

morphology of the second, third and fourth instars 1is
similar, so they wlll be discussed together., Variation in
size is often greater between individuals in the same
instar than it is between individuals in different instars,
80 measurements meaﬁ little except when consldering averages,
The average overall length of individuals in the second,
third and fourth instars are approximately l.k4, 2.3 and
3.3 millimeters, respectively. Head capsule measurements
are given in a following section,

The head capsules of these instars are more spherical
than the first instar, The outline of the head capsule
in dorsal view is no longer straight sided but curved,
with the widest part being that in the center. The mouthe
parts do not project as in the first instar (Figure 56B).
lhirteen body segments are present as in the first instar,
but the body 1s now widest in the center and tapers toward
both ends, No prominent bands of setae are present,
although from four to eight individual setae are aligned
around the center of each thoracic segment. In the
abdominal segments a seta is present laterad of the mid=-
dorsal and mid-ventral lines and at the mid-lateral position
on each side, Figure 56B is an individual in the fourth
instar, but except for the size 1t could also represent

the second and third,
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Fifth instar- The fifth instar (figure 56C) is

distinet at once from the preceding instars by the presence
of numerous cuticular spines over most of the body and

by having seven dorsal protrusile areas in the successive
intersegmental areas, the most anterior belng that between
the metathoraclc and first abdominal segments,

Sensory setae (Pigure S56D) are slightly more numerous
than in the preceding instars and now measure approximately
0,045 millimeters in length., The cuticular spines (Figure
56D) are approximately 0,017 millimecters long. The latter
are not present on the head or terminal body segment but
are found everywhere on the first 12 body segments except
along the intersegmental lines and on the dorsal protrusile
areas., In living larvae the first eight abdominal segments
are regularly seen to have swellings in the mid-lateral
areas, These are produced by the tension on the cuticle
by the external lateral muscles (Figure 55) in these
segments, The arrangement of the spiracles is similar to
the preceding : instars (Figures 53, Sl end 56). The heads
of full grown braconid larvae have been particularly useful
in classification (94), therefore a detailed description
of the head of a fifth instar 1s desirable. The terminology
uged here is after Vance and Smith (;08)1.

l. Some of the interpretations of Vance and Smith (108)
have been questioned by Short (94, p. 34=45), but it is
beyond the scope of this work to determine who is right
and who 1s wrong on these points.
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The head in frontal view (Figure 57A) i1s roughly
Obovate and is constricted slightly below the midline by
the hypostoma, Dorsally on the epicranium there is a
8light depression on either side of the mldline, formed
by the tenslon of the pharyngeal pump muscles. The metoptiec
(coronal) sand the frontal sutures, the postocecliput and the
temporal fossae are not evident., The bases of the short,
conical antennae are surrounded by the broadly elliptic
antennal foramina. Six pairs of setae are placed as in
Figure 57A dorsad of the mouth armature.

The mouth armature is well developed. The hypostoma,
pleurostomsa, eplstoma, stipital sclerome, maxillary sclerare,
lablostipltal sclerome end the tips of the mandibles are
all rigid, brown pigmented areas which stand out in contrast
to the rest of the head which is white, The ligular
sclerome 1s lacking. The lebrum is not distinet from
the clypeus. It bears three pairs of small papillae and
two pairs of setae, The mandibles (Figure 57C) bear a
row of six small, combelike teeth 2t the base of the sickle-
shaped tip. The stipes of the maxillae each bear a pair
of setae, a rudimentary palpus and a small papilla, while
the cardo bears a single seta., The horizontal slit-like
orifice of the silk gland 1s located at the dorsal margin
of the lablum between the dorsal arms of the labiostipital
sclerome., A pair of rudimentary palpi and two palrs of

setae are present on the labiostipes. The lablobase bears
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Fizure 57. Morphology of the head of a fifth instar,
A. Front view., B, Internal view from

~

behind. C. iHight mandible. Ventral view,
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three pairs of setae dorsally and many cuticular splnes
ventrally.

The transverse tentorial bar (Figure 57B) is well
developed and orlginates at the tentorial pit at the
posterior end of the hypostoma of each aside. No anterior
or dorsal tentorlal arms were observed, althiongh slender

anterior arms are present in the embryo (see p. 107).

Head capsule width distribution of the larval instarse

Head capsule measurements were taken periodically on

larvae being reared individually to determine the length

of each stadium at various constant temperatures (see p. 70).
By this method the instar of the individual at the time of
each measurement was positively known. Measurements were
taken at a 90X magnification of a dissecting microscope

with a calibrated eyepiece micrometer divided into 100

units, Eaech unit at this magnification was equivalent

to 0.0168 millimeters.

The individual head capsule widths are shown as
histograms in Figure 58, The widths used for ease of
plotting were the number of units subtended by each on the
eyeplece micrometer. A statistical summary of these data

converted to millimeters is given in Table 9,
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Taeble 9., Summary of larval head capsule measurements
in millimeters.

Instar Sample Standard Standard Sample mean 1+ 3

mean deviation arror standard deviations
first «1707 .0118 0014 .1352
«2063
second L2199 .0159 .0020 1722
. 2676
« 3550
[ ] 81
fifth 11612 0777 «0111 2280

< 69Ul
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With only a knowle&ge of the head capsule width
distribution for each 1n?tar 1t 1s difficult to determine
in which instar individuals are at the time of any one
examination, since there |is considerable overlapring
between successive instars., For example, even if
individuals outside of a three standard deviation range on
elther silde of the mean for each instar are disregarded,
the range of the fifth instar includes all that of the
fourth, most of the third and a part of the second, An
individual with & head capsule width of Q.24 millimeters

could actually be in any instar except the first,

Pupal Morphology and Progress of Coloration

The pupae are of the typical exarate type. Dorsal
and ventral views of a female pupa are shown in Figure 59,
The last larval cuticle typically remains covering the
ovipositor as shown in the figure and is shed with the
pupal cuticle at eclosion, Figure 60 shows several
stages in the life of a male as it changes from a mature

larva to an adult,



Figure §9.

Female pupa of brunneri.
Right: ventral view.

X25.

Left:

dorsgal view.

™t



Figzure 60,

12

Several steges in the life of & male &as it
chanzes from a mature larva to an adult., X 15.
Tnsects were held at 75°F, end photographs
taken periodically. At this temperature the
averarse durations of the last larval and pupal
stages are apprroximately 130 hours each. A,
Meture larva, B, Prepura, a few hours before
pupation., C, Pupa, immediately after upation,
D, Pura, 65 hours after pupsation. 85 hours
after pupation, F, 95 hours after pup_tion.

G, 110 hours after pupation, H. Just before
eclosion,
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Figure

62.

Adult female G, brunneri.
Margaret Hsieh.

x16.
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LIST OF ABBREVIATIONS USED IN THE FIGURES

antenna

abdominal ganglion
first abdominal segment
antennal foramen
anterior midgut
rudiment

antennal rudiment
blood cell

blastoderm

brain

protocerebrum
deutocerebrum
tritocerebrum

cardo

cardioblast

cleavage nucleus
chorion
circumoesophageal
connective

external dorsal muscle
Internal dorsal muscle
deutoplasm

dorsal strip

dorsal vessel
ectoderm

epistoma

epineural sinus
frontal ganglion
#lossa

zerm cells

gastrular groove
ganglion cells

gorad

hypostoma

hypodermis

intercalary lobe
intercalary segment
inner periplasm
inferior pleural ramus
labiostipital sclerome
lablobase

external lateral muscle
labial gland

labial gland duct
labial zland orifice
internal lateral
muscle

labium

LP
LPA
LR
LS
MAS
MES
MGE
MN
MNG
MP
MPA
MT
MX
MXG
NB
NC
NG
OES
PC
PL
PMR

PP
PR
PTP

RET
oy
KS

SDO
S0G

SM
SP
SPM
SPR

ST
STO
STS
TH1
TR

YC

lateral plate
labial palpus
labrum

labiostipes
maxillary sclerome
mesodernm

midgut epithelium
mandible
mandibular ganglion
middle plate
maxillary palpus
Malpighian tubule
maxilla

maxillary ganglion
neuroblast

neural crest
neural groove
oesophague

preoral cavity
pleurostoma
posterior midgut
rudiment

periplasm
proctodaeum
posterior tentorial
pit

reticulum
recurrent nerve
rectal: ! suspensor
muscle

serosa

silk duct orifice
suboesophageal
ganglion

somatic mesoderm
spiracle
splanchnic mesoderm
superior pleural
ramus

stipes

stomodaeum
stipital sclerome
tentorium

first thoracic segment
trachea

ventral muscles
vitelline membrane
yolk cell
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SUMMARY

There are three generations of C. brunneri per
year, one each during July, August and September.
Approximately 5 percent of the first generation, S50
percent of the second generation and 95 percent of the
third generation enter diapause and overwinter in the fifth
instar, The primary host is the Douglas~fir beetle,

Parasite behavior during emergence and mating, searching
and oviposition, larval feeding and cocoon formation is
described,

Laboratory and field studies have led to the following
conclusions: females prefer to oviposit under reduced
light conditions; hosts are probably located by the
vibrations produced rather than by odor; females kept at
750F, are ready to deposit at least some egzs on
the second day after emergence; peak egg production occurs
about the fourth day although ovulation may continue until
death; females must feed if maximum egg production is to be
realized; females exposed to a lée-hour day at 75°F, and fed
a honey and yeast diet lald eggs resulting in an average
of 21 cocoons per female; female longevity is approximately
twice male longevity, and is greater for both at 60°F, than
at any other temperature up to and including 909F,; only
the larval stage of 1ts hosts 1s parasitized; the insect

has a facultative dlapause controlled primarily by rhote-
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‘period; although diapause intervenes in the fifth instar
there is evidence that the critical staze 1s the adult
female before egg deposition; the size of the parasite

is correlated with that of its host; fertillzed eggs are
laid more frequently on large hosts than unfertilized eggs,
and vice versa; the temperature optimum for development
and the average duration for each stadium at this tempera-
ture is: egg, 959F,, 21.hours; first instar, 88°F,, 21
hours; second instar, 85°F,, 15,5 hours; third instar,
85°F., 12 hours; fourth instar, 85°F,, 17 hours; fifth
instar (non-diapause), 80°F., 125 hours; pupa, 82°F., 117
hours; no important hyperparasites were found, although
predation by Medetera sp. 1s significant; parasitism of
the Douglas-fir beetle ranges up to 100 percent for in=-
dividual invasions under certain described conditions.,

It is recommended that parasite populations be fostered
in small diameter trees by leaving selected trees from
thinning operations in the woods until after parasite
emergsence,

A description of the external morphology of all
immature stages 1s given, The embryologlcal development
1s traced in detall from early cleavaze and blastoderm
formation, includlng gastrulation, segmentation and

formation of the organ systems,
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SCHEDULES WOR MORPHOLOGICAL PREPARATIONS

Feulpen Reaction for Staining Nuclel

l- fix, remove the ends of the ezz, and wash in
aleohol and running water according to the directions
on pe. 13

2= 1N HCl; 10 minutes

3= 1N HC1 at €0°C.; 20 minutes

4= 1N HCl at room temperature; rinse

S= Schiff's reagent (add 1 gm. of basic fuschin end
1.9 gm., sodium metabisulfite to 10C ml, 0,15 N HCl;
shake at intervals for two hours; add 0.5 gm,
activated charcoal and shake vigorously for one
minute; filter); 12 hours,

6- 802 water (0,25 gm. sodium metabisulfite, 2.5Iml.
N HC1 plus 52.5 ml. Hp0 made up immediately before
use); 3 changes, 1} minutes each

7= tap water; 15 minutes

8- distilled water; rinse

9- dehydrate by dropwise addition of 95% alcohol

10- absolute alcohol; 3 changes, 2-3 minutes each

11- 1/3 cedarwood oil: 2/3 absolute alecoholj until
embryo sinks

12- 2/3 cedarwood: 1/3 absolute aleohol; until embryo
sinks

13- cedarwood oil; until embryoc sinks



1= xylol; rinse

15- mount in balsam

Harris!

Hematoxylin Staining of Yhole Ekmbryos

1w

Harrisg!?

fix, remove chorlon and wash according to the
direciions on pe 13

hLydrate by dropwise addition of distilled water
Harris'! hematoxylin; 2-3 seconds (The embryo was
contalned In a lens paper sac during this step.)
tep water; until stain turns blue

acld aleohol;

5=-30 seconds or until depressions cre clearly
visible

tap water; until stain turns blue

dis;;illed water; 2-3 minutes

bring up to 70% aleohol gradually

Hematoxylin Sections of Embryos

l-

=

fix, remove chorion and wash according to the
directions on p. 13,

hydrate by dropwise additlion of distilled weater
dilute Harris' hematoxylin (1 part in 30 parts
distilled water); 2 hours

tap water; 1-2 hours

dloxan; 5 changes, 30 minutes each



182
6« xylol; rinse
7- melted paraffin (56«=58°C¢,); 5 changes, 30 minutes
8« embed, section and mount
9« (the sections may be counterstalned with eosin
1f desired, If overstained with hematoxylin
a short period in acld alcohol may Le necessary

to remove the excess stains)

Acid Fuschin Staining for Skeletal Structures

KOH (10% aqueous); 6<48 lLours or until non-

=
]

chitinous tissue 1s dissolved

2- distilled water acidulated with dilute acetiec
acid; -5 changes, 20-30 minutes each

3~ acid fuschin (0,5% in 10% HC1l); 10-60 minutes or
until stain has penetrated all areas

L= 952 alcohol; 2«60 minutes or until desired stailn
is achieved

C- absolute alcohol; 2 changes, 3-4 minutes each

6- xylol; 2-3 minutes

7= balsam

Larval ¥Whole Mount; Tracheal and Muscular Systems;

Eosin Proceedure

l- pin open in physiological saline (NaCl, 10,9 gm.;
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KC1l, 1.57 &me; CaClp, 0.85 om.; MgClp, 0.17 gm.;
120, 1000 cc.)

drain saline and flood with Bouin's fixative
(pieriec acld, saturated aquecus, 75 parts; l10%
formalin, 25 parts; glacial acetic acid, S parts);
remove &ll extraneous tissues; 1 hour

507 alecohol saturated with LiCO3; 4 changes, 20
minutes each

50% alecohol; 2 changes, 5 minutcs each

eosin (0,57 in 70% aleohol, acidulated with a few
drops of dilute acetic acid); 1 hour

70% alcohol; change until desired stain i3 reached
(2-48 hours)

95% alcohol; 5 minutes

absolute alecoliol; 3 changes, 3=l minutes each

xylol; 2-3 minutes

10=- balsam

Hematoxylin and Eosin Sections of Larvae

1-
e

place larva In water and raise to 70°C.

cool in cold water

cut larva Into sectilons or cpen widely with a
razor blade

Bouin's fixative; 2«6 hours

tap water; rinse

50% alcohol saturated with L1C03; L changes, 30



16,

minutes -each

7= dioxanj; 5 cuanges, 30 minutses each; hold in last
chanze overnignt

8= xylol; rinse

9- melted paraffin (56°-58°C,) 5 changes, 30 minutes
each

10=- embed, section, mount and stain with Harris!
hematoxylin and eosin according to standard

procedures
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Table 10, Chl square test of independence
Tor parasite success on the top
and bottom of a down Lree,

(For discussion see p. 35)

Position Observetions Freq. Hypo. (f-h) (f-h)2 (f-h)8A

of sample (f) freq.
(k)
Top Success 62 82,9 =20.9 L36.81 5.,2691
(parasitized)
failure (not 118 97.1 20,9 L436.81 4.4986
parasitized)
Bottom Success 33 62.1 20.9 U436.81 7.0340
Failure 52 72.9 =20.9 L436.81 5.9919
Total 315 315 0 22,7936*

l, 5ignificant at 0.5 per eent level,

Table 11, Chi square test of independence
for parasite success on the sun and
shade sides of a down tree,
(For discussion see p. 35)

Position Observations Freq. Hypo. (f-h) (f-h)2 (f-h)%h

of sample (f) freq.
(h)
Sun side Success 31 18.9 -4.9 24.01 1.2704
(rerasitized)
Failure (not 27 22sl l}..9 214.001 1-0861'.
rerasitized)
Shade Success 131 126,1 4.9 24.01 0,1904
side
Fallure 143 1479 =449 21,01 0,1623
Totel 315 315 0 2.7095%

l, Not significant at the five per cent level,
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Table 12. Analysis of variance of the
number of mature oleytes
present in ten day old females
fed different diets. (For
discussion see p, [.2)

Source of Sum of Degrees of Mean square F
variation squares freedom

Treatment 65,3750 3 21,9583 10871
Error 423.1000 36 11,7528

Total 488.9750 39

1. Not significant at the five per cent level,

Table 13, Analysis of variance of male
longevity at 75°F, when fed
different dlets. (For dlscussion
see p. 51)

Source of Sum of Degrees of Mean square F
varliation squares freedom

Treatment  1739.0000 L L 3l.. 7500 Loolt
Error 3963,5000 L5 88.0778

Total 5702,5000 L9

le Significant at the 0.5 per cent level.



Table 1llij. Analysis of variance of female

longevity at 759F, when fed
( For discuassion

different dlets,
see p. 51)

167

Source of Sum of Degrees of Kean square F
variation squeres freedom

Treatment  6375.0800 n 1593.7700 5,11t
Error 1),048.3000 L5 312,184

Total 20423, 3800 49

1, Significant at the 0.5 per cent level,

Table 15, Chli square test of independence

for diapause percentages in trees

felled on different dates,
dliscusslon see p,

58)

(For

Date Obser. Freq. Hypo. (f=h) (f-h)?2 (f—n)th
tree (1) freq.
felled (h)

Success 68 31.9 36.1 1303.21 40.852978
/20 (emerzed)

Fallure

(diapause) 0 36,1 =36,1 1303,21 36.1
% /28 Success 133 100.3 32.7 1069.29 10.6609172L

2

Failure 81 113.7 =32.7 1069.29 9.404485,8

Sueccess LT71 539.8 =68.8 L733.4h4 B.76887736
7/1 (approx,)

Fallure 681 612,2 68.8 L4733.44 7.73185233
Total W3l w3y o 113,51911041%

l, Significant at the 0.5 per cent level,
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Table 16, Chi square test of independence
for the number of progeny entering
dispause followlng treatment of
the parent females with different
day lengths at 75°F, (Combination
of three replicates) ( For
discussion see p., 59)
Hrs, Obser, Freq, Hypo. (f-h) (f-h)2 (fqh)%ﬂl
1ight (f) freq.
per 2L (h)
Success
10 (emerged) 15 20.6L4 -5.64 31.8096 1.541162790
Failure
(diapause) 28 22.36 S5.64  31.5096 1.,422611806
Success 26 41.28 -15,28 233.4784 5.65596899
12
Failure 60 .72 15,28 233.4784 5.22089uL45
" Success 23 40,32 =17.32 299.9824 T7.44003968
) i
Failure 61 43.68 17.32 299.9824 6.86772893
6 Sucecess 80 1{.1076 38.2“- 114-62.2976 35.016701‘.9
1l
Failure 7 5.2 =38,24 1462,2976 32,3231122
Total 300 300 0 97.L488223751
l., Significant at the five per cent level,
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Table 17. OChi square test of independence
for the number of progeny entering
dlapause following treatmont of
the parent females wl th different
day lengths at B5O9F, (Combination
of three replicates). (For
discussion see p. 59)

Hrs. Obser, Freq. Hypo., (f-h) (f-n)2 (r-h)2/n
1izht (f) freq,

per 2l (h)

Success 26 33.4l <T.4l 55.3536  1.65531100L
10 (emerged)

Fallure 50 12.56 Tell 55.3536  1.300601503

(diapause)

Sueecess 19 heT6 =15.76 28,3776 7414550057

= Failure 60 Gh.2, 15.76 248.3776 5.61132188
Suecess 28 30.80 -2.80 7.8400 0.254545L45
W Failure L2 39420 2,80  7.84,00 ©.20000000
i Success L7 20,68 26,32 692,742 33,419818181
Failure 0 26,32 -26.32 692,742k 26432000000
Total 272 272 0 75.988&62211

l. Significant at the five per cent level,
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Table 18, Test of linearity of regression
of slze of male paraslite on
length of nest larval gallery,
(For discussion see p. 66)

Source of Sum of Degrees Mean square F

variation squares of freedom

Treatment 3763.042L 37 101,7038 3.18l
1in, reg. 2758.2133 1 2758.2133 86,26
dev. from 1in. 100k4,8291 36 27.9119  0.872

Error 671.5000 21 31.9762

Total Ll 3l . 5l 2L 58

le Eignificant at the 0.5 per cent level,
2. Not significant at the 5 per cent level,

Table 19, Test of linearity of regression
of slize of female paresite on
length of host larval zallery,
(For discussion see p. 66)

Source of Sum of Degrees of Mean square F

varlatlon squares freedom

Treatment 2092,6847 29 72.1615 3.00753
1in, reg. 956.0586 1 956,0586  39.8460%
dev. from 1in. 1136.6261 28 10,5938  1,6918°

Error 311.9200 13 2549938

Total 21,0l 6047 L2

3¢ Significant at the 2.5 per cent level,
e Significant at the 0,5 per cent level.,
Se Not significant at the 5 per cent levsl,
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Test of homogenelty of regression
coefficients; slze of male and
female parasite on host larval
gallery length, (For discussion
see p. b6 )

Source of Sum of Degrees Mean square F
variation squares of
freedom
Kegression due to © 35,4820 1 35,4820 1.111
Variation among b's 26782,7899 1 367847899 115.372
Pooled residual 3124.8752 98 31,8865
Within sample 6839.,1471 100
1., Not significant at the 5 per cent level,
2., Significant at the 0.5 per cent lcvel,
Table 21, Analysis of variance of the
per cent parasitism at
different helghts in trees.
(For discussion see p. 82
Source of Sum of Degrees Mean square F
variation squares of
freedom
Treatment 304.2076 L 76,0519 S .371
Error 382.607L 27 1l.,1706
Total 686,.,8150 31

l, Significant at the 0.5 per cent level,



