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- . . .h i " Abstract ,
. ' - ‘ | \
The. ecology of the eastern larcb‘beetleﬁ Dendroctonu

simplex LeConte, was stud1ed in Neffﬁundlandx Overwintered

’beetles emerged in-May., One generetion and- two broods were
o -nproduced in both 1983 and 1984 Females 1n1t1ated attacks

'and males arr1ved up to two days later. One to four pairs of

beetles used each entrance hole but each pair constructed a'

. d1fferent gallery.

P

'C.averaged 41 cm in - length Females 1a1d zero to four eggs per'\”“

,n1che averag1ng 1. 4 The average number of eggs per gallery

| S brood dens1ty was 49 1nd1v1duals per 100 cm’

1

——

About 90% of all parents reewgrged and a small

B " . . ~

s " s . . ‘{‘4’ S

" Egg gallerles were vert1cal sl1ghtly s1nuous - and 'f,;?J

& and per cm of, gallery was 39 and 1.0, respectlvely. Meari - qu-

proportlod of them attacked a second "group of trees and
; produced a second brood Gallerxes 1n second brood trees

! o

dens1ty averaged 23 1n61V1duals per 100 cm?. Followzng brood

A,

L Development from egg ‘to adult averaged 60 and 70 days

for f1rst and Second broods, respectively. R

-During egg gallery construction and oviposition D.
simplex fl:ght musclés degenerated Fl1ght muscles were
completely regeneraced in only 17% of 96 ‘reemerged beetles-~

1n 1984.‘Noyreemerged beetles were,observed to fly.

™3

averaged. 26 cm in length and 27 éggs per gallery. Mean brood f'

productxon 64%—of.parents reemerged and l1kely died. = = ;(‘
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- Emergence,‘hosg attack and reemergence occurred between .
10430, and 172 00 houts and at temperatures of 4 °C or ‘higher. o
"
Peaks of attack wh1ch reflects fl1ght peaks, occurred at

. ) temperatures of 10 °C or h1gher.

. . . ” . _ L S
Only adults overwintered. Freezing temperatures taused )
nigh'mortality among immature stage§.d£ the“cecona brood.
. . . - | R . \v k
— " Lo Th1rty four percent oﬂ—new brqod adults emerged in the.

i

fall and reentered gallerles at the base of trees for

4 -

[ .

"j/h1bernat1on.

The.fourth larval 1nstar had th@$#1ghest mortality, at
29 2%, and pupae the lowvest, at 7.6%. Total mortalzty was

S e - 79%wand-82% for f1rst and second broods re"pect1vely.

.\‘\-ﬁ
S Pathogens c€aused the:largest proport1on of mortal1ty among . . e
] \ eggs, $econd instar larvae andmpgpae, : ps1s;among flISL*__________
: 1nstar larvae and para51to1ds among th1rd and . £ourth_1nstanw.___f_~;__
/ C
y oo larvae 0verw1nter1ng mortal1ty vas 7.8%. }
! /4”“ o F1fty two spec1es of 1nsects, sp1ders, mites and .
/ ;} . nematodes were assoc1ated w1th D simplex in 1983 ) ’
/4: ¥, . - " g . A . . s N . ‘
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1. INTRODUCTION

The family.Scolytidae is comprised of beetles that are
subdort1ca1 feeders - generally 1nhab1t1ng fne outer bark, \\>.;
phloem or xylem of trees. The phloem fee41ng genus

. _Dendroctonus contains 18 species, 13 of which are found in

™~

North America (Wood 1982). Several of’th?se 13 species are
among the most déstruntive of forest inéects,destro;ing in
"excess'of f2 5 million m"(5 billion board feeg) of standing'
merchantable timber annually in North Amer1ca (Br1ght 1976)
'5uch severe losses have focused .the attentlon of.
| _'entomolog1sts, foresters_and.the general pub11c on 'this
genus. Consequently mnst of the spec1es, espec1a11y th; nore
destructive ones, have been.frequgntly studied. Howeve:,
some of the less destructive species of Déndroctqnusihave I
.réqeiyed comparativel; little attention ana basic‘nspecfgﬁsz- ¢
their biology and population dynamics have not been
'investjgatéd. One éuch!species is the eastern larch beetle,

Dendroctonus s i‘mplex LeConte.

.LeConte (1868) descrlbed D. sfmplex from adults |

. collected on tamarack in Canada and the immatdre stages were -
xdgscr1bed by Thoma's (1965), Tﬁe eastern larch beetlg occurs_} .
across North america from Newfoundlané and the northéastern "
-states to'British Columbia'and Aléska. Its rangé.is limited

by the natural range of eastern larch or tamarack, Larix

Jarcina (Du Roi) K. Koch its pr1nc1pa1 host (Wood 19821

' w111 alsg attack exotic species of Larix planted w1th1n its
A .

i ot

»
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3stete$,($chwarz 1888), -
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o
range, such as Sibetian larch L. siberlca Ledebour
(McGuffin and Barker 1946)and European larch L. decldua
Miller (Sippel et al. 1961). It was also reported ‘on red

spruce (Baker 1972) but this rebord ls guestionable.

Since the first recorded D. simplex infestation

(probably in Ontario) by Harrington (1884) there have been
. —/ . 8 .
many reports of localized larch beetle ihfestatiops in

- ——y "

. - . ‘ ' C S {
wvarious, parts of Canada (Annual Reports of the Forest Inseét :

'Pand’niséase Survey -‘1939 1946, 1960 to 1963, 1965, and "

N _ C .
1967 to 1969 Drouln and ‘Turnock 1967; Grisdale and MacLeod .

1962). Alaska (Baker et al. 1975))and the northeastern -

The first ﬁ&despreed outbreak of D. simplex began about
1977 and has killed large numbers of‘larch“in eastern Canada
(Annual.ﬁepgrts of the Forest Insect and Disease Survey -
1977 to 1983) and the northeastern states (Lanier 1981% 1984

- personal communication}.

Relat1vely little is knownsabout the b1olo§y of the

larch beetle. General seasonal life hlstory and egg gallery.

patterns were f1rst,descr1bed by Hopklne (1909) who reported
that weakened, dging'or felled tamarack were attacked by
emerging beetles in May and June. Only one generation was
produced per year and the progeey everkintered in the adult
stage. Swaine (1911) reported two larch beetle generations

¥

ANl one, year in Quebec elthough his 'secondmgeneratxon may

.. have been a . second brood establlshed by parents reemerged




b111ets in New Brunsw1ck He reported that parent beetles

'Only one generatlon occurred‘per year. Prebble (1933)

from first brood trees. Egg gallery formation and structure
as'welllas oviposition were also described by Swaine (1911;
1918). Larch beetle“Egg gallerles were described as vertical
and'sinuous contaiﬁ1ng.turh1ng niches, vent11at1on holes and
egg'niches in dﬁ%ch one to four eggs were laid. Simpson

(1929) stud1ed the lee history of D.-simplex in caged larch

LY

; establlshed only one brood/year 1n 1925 and 1926u-three in:

, 1927 and two 1n 1928~ All progeny'overw1ntered as adults

e cept for the th1rd brood of 1927 wh1ch overw1ntered as

'\

. arvae, These d1ed in the sprlng before reachlng maturlty.-

Ca I
reported an averaoe developmental time}-from egg to aduit,
. . -, . £.-—-"‘ ' -

of 46 days for 0. simplex in New Brunswick. He also used

head capsule widths to determine that the&e;gere four larval.

instars. L Coh a .

L
1

' Recorded predators oﬁ—D.zsimp7exfare the clerid beetle,

Phyliébaénus dislocatus Say, ‘(Blackman and Stage.1918) and

- lerﬁae of'the:dolichopodid fly;'MEdeteﬁé\aldP!chfl Wheeler,
(Furn1ss 1976). Recorded paraeitoids of'larch beetie larvae™

.':are the braconzds, Cosmophorus dendroctoni Viereck Spathlus

tomlci Ashmead (Bushlng 1965) and Coeloides Pufovanlegatus

(Provancher) (Mason 1978) and the chalcxd Heydenia'unica

.'Cook and Dav1s, (Bush1ng 1965). Furn:ss (1976) recorded four

species of nematodes that para51t1zed adults -

~Ektaphetenchus obtusus Massey, Aphetencholdes SP.,
| Neocephaiobus sp. and NEod!ty?enchus SPe .

-



.damaged by the spruce budworm (Otvos and Moody 1978).

'defollated even though the ”s is not usually ser:ously
b :
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An aggrégation pheromone of 0. éjmplex has not been

.demonstrated, though it no doubt errstf There are two

reports of .streng attfactlgn of females to Seudenol (3 -
methyl - 2 - cyclohexen - 1 - ol), an .aggregation pheromone
of Dendroctonus pseudotsugae Hopk1ns (Baker et al. 1977; °

Werner et al. 1981).

‘Most Scolytidae attack and kill physiologically weak

;ttees. Such trees are usually few and : idely scattered

‘lRaffa and Berryman 1980) keep1ng beet e populatlons at

relat1vely constant and ‘low levels. However, a sudden ' ‘o

. T
<
N B > PR
[l : .
.
'

*abundance of suscept1ble trees or recently cut logs: enables i

: &

spec1es.of some bark beetle genera,_1nclud1ng“DendPoctonus,
to reach population levels qt outbreak ﬁrdpcrtipns {Berryman -
1973 1982), Theae species may then successfull; attack and
k;ll apparently healthy mature and overmature trees

(Berryman 1982; Rudgnsky‘1962). Drought and defoliation are
two forms of Etresa that'ponmonly weaken trees and make them
suaceptible'td‘bark‘heetle attack (Deuez_gi}a]. 1974; Miller
and Keen 1960; WIGKman 1978; Wright et al. 1984).

‘The sbrucé budworm), Choriétoneura'fumlferana (Clem.), '

‘outbreak 1n Newfoundland in the m1d to late 1970's was—at

times so' severe that larch trees were also severely

Cumulat1ve effects of two ‘to three years of defollatxon ﬁ§‘

included extens1ve bud mortallty and thereby, reduced -

——
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foliage on trees (Raske 1984 - personal communication). This
presumably reduced trée vigor and wood production but caused
1ittle'mortality. Weakening of larch trees by budworm'

A

defoldation ftom 1974 to 1977 in western Newfoundland and

“from 1976 to 1978 in central and eastefn Newfoundland may

have predisposed’ them to attack by the- larch beetle enab11ng
beetle populations to reach outbreak levels by 1976 '(Raske
et al. 1978). During the follow:ng elght'years-thls larch

beetle outbreak caused much mortalxty of larch a11 across
» I .

' Newfoundland w1th the severest 1n£estat10n occurtlng in the

s e

central region. Each year from 1978 to 1984 groups of up to"~

51xty trees were attacked and k111ed and others 1n3uredeat

- many locatxons across the 1sland. Although larch beetle

.infestations in central Newfoundland are reported to be

declining (Hudak et al. 1983), abrupt collapse of the
oztbreak did not occur in" 1984.

oy

Coincident outbreaks of b. simplex with that in
Newfoundland were also reported*in"Nova“Scotia‘and ffince
‘Edward Island (Magasi 1977), southern New Brunsw1;k (Magasi
1979), southern Quebec (Qachance et al. .1981) and the
northeastern states.of the United States (Lanier 1981; "f

Teillon et al. 1980). The larch beetle outbreak in eastern

. ) 3 %
anada has been associated “with the larch sawfly[ﬁ

- !
Pristlphora erlchsonfi (Htg.), vhich-I'ikély predisposed
‘-‘—J *

trees to beetle attack in the marxtime provxnces (Magas1
1977) and 1ntQuebec (Lachance et al. 1982). It is thought

that some predzsp051ng agent fostered the larch beetle

e
. -

»

A



outbreak in parts of the northeastern United States but the
nature of this agent is not known (Lanier 1984 - personalh
communication; Snowden 1984 - personal communicat'\ion).

Although large populatlons of D. simplex have been

LY s
e e e
———

associated with larch gleclme in Vermormt—and parts of New

_Hampshire in recent’ Yé’eTrS (Snowden 1984 - personal

N

cbmminication; Teillon et al. 1980; 1981), éhgre 'is some

' Uncertainty as to whet‘her the decilui;xe was caused by D.
'slmplex or some other factor (Bergdahl 1983 ‘Snowden 1984 -
personal commumcatmn) Bergdahl (1983) has 1solated the

: pmewood nematode, Bur'saphelenchus xyloph”us (Stemer and
Buhrer), from newly killed tamarack in Vermont. 'I"hxs‘ species-
might be responsible for the e_x'teﬁsive larch=morta1ity that

- has-occurred in Vermont and possibly other regions of the

northeastern states and ,southern Canada too.

.Approximately 50% of the trees attasked and ki}f_q by
the larch beetle during the spring and summer are.aetectable
.-i'n\.late summer and ear}y fall because their needles.turn
yellow before those of heal'thy larch treéi (Raske et al.
~1978)..On a yearly basis damage by the larch beetlej may not
seem .great, however, lcumulative mortality over several years’
may be: econqmica;lly and silviculturally very important. A
survey in N'ewfouhdél.and in'1981 estimated the yolumé of larch

killed by the larch beetle at 18,500 m (Hudak et al. 1982).

. Many other trees have been killed since 1981. Surveys in New

[

-Brunsmck Nova Scotia and Prmce Edward Island in 1981

* —-

* reported larch mortahty by the eastern larch beetl/e of 24%,
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- 1982).

64% and 13% representing 314,880 m* , 972,000 m* and 11,600

m’ of .dead larchrin,each pro@ince,\respectiGETy (Magasi
\

T *

Althouwgh larch has'relatively little current economic

.
\

importance, some believe it may become more valuabiefin the
future because of 1ts h&gh‘blomass per unit area and ;ts
h1gh energy value per unit of weight (Hall 1§84) W1despread
mortality of larch by D shnplex has caused some concerh as

to the fea51b111ty of: grow:ng larch for wood productxon. It

f-,has also helped us reallze how l1tt1e we know about the,

L]

e
_ bionomics of an important’ forest pest, the eastérn larch

beetle. Hence, this study was 1n1t4abed to 1nvestigate the
basic biotogy of D.'Sfmplex (ie.—seasonal® life ,history,
population dynamics, fecundity, brood deQe{ppment and -—

mortality) in Newfoundland. Such infe;p‘iionmwill be of

Ll
— ——

value to the Newfoundland forest industry.

¥
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2. MATERIALS AND METHODS /

1 »

2.1 ’GENERAL FiELD PROCEDURES . ' Y 4 s
1 ) _ T, . .
2.1.1 Site and tree characteristics

. . . . - e
o . . - .

‘The study site was located: approximately 8 km west .of

°
“

” ' st. John's near the junction of Manuals River and the Trans,

Canada Highway. Forest ccmpOEitiohlat"the‘site'was-mainli

) Q

black spruce, Picea mariana (Mill.), and ba;sam f1r, Abies

ba]samea (L Y. w1th a large number of eastern larch S hj‘

scattered in the, forest and~border1ng the rxver and bogs;, N

The larch beetle had been active in the area for four £o |

f;ve years and had k111ed 75 to 100 trees that- may have been
i ueakened by mechanical injury, £looding or defoliation by. ' * -

the spruce budworm. In Octoberi1982, approxrmately twent{

‘ trees at ithe study site conta1ned 0verw1nter1ng brood adults-

. wh1ch could attack uninfested trees 1n‘th,e area in 198§. %

. . ..
:
. ‘ . ‘ >
. L S
. .
’ B ] - . . .

L4

Five'uﬁ’ftacked trees were girdled each in early April

o

ahd mid*Jhne/ approximately one month béfore expected first '{“
and second attacks, respeetzvely, to.deaken and hence Y  ;
- predispose them to attack by the larch beetle. The followxng

parameters vere measured for each tree used fn.the study: R} ]
total'heéght height to top of imfested-bole, diameter "apd" o

phloem thlckness/ﬁt each sample he1ght and tree dlameter at .

-

. breast height (DBH). . . . e

RS
* Y
« -
. ) a

—_—
a . :

Weather data (daxly mean temperature, preczpltatxon) —

for the study period was obtained from meteorologlcal S o
- N ] ' .~. . :‘\: ’ '. q‘\'\?zz",‘
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% - . . e .
services at Torbay'Ainpoft approximately 20 km from the.
J - . " . > ‘
study site, - . v
| o . /" T,
., 2.1.2 Sampling techniques .
Field populations of all life stédges urring -beneath ’
o L pop ' . ges oec 9 N , .,
the bark of host trdes were sampl¢d by removing 100 cm? bark
disks w1th a circular . bark punch’ (Fig. 1) modified from the
des1gn out11ned by Furniss (1962). The punch cons1sted“of a s*

;,c1rcular cutt1ng head of~41 3.cm 2 sade diameter (=100 cm?)

-3blows Were used to dr;ve the cuttlng head of the punch

..

Qlattached to a 12 cm long handle, both constructed from solid f“\\\vﬁJ;

. steel and klln hardened usxng standard technlques. Hammer jT_

\

'through the bark 1nto the wood sever1ng the phloem Wh1le°

;Jsampl1ng, a 30 cm x 4G\cm regtangular cloth ‘apron was

attached to the tree below the punch to catch spec1mens that e

fell from the bark samples. Thevap}on was re1nforced with .

Vi \
o

\
stiff w1re around. three szdes, bent So form a l1p extend1ng
20 to 25 cm from the tree t_unk (F1g R); The remalnlng s1de . —

was hemmed Wlth twine to fasten the apron to the tree,

”"Spec1mens caught in the apron were added to~other spec1mens -

' from the sample.

o L.t :
v . - \
' Adult emergence and reemergence was sampled w1th

-

'emergence trap& (Flg 3) s1m11ar to those described by

o McClelland et al (1978) ~Each trap consisted of three ok

--—\—"

parts- base plate, net and collect1on un1t The. base plate

COﬂBlSted of a 15 cm x 15 cm sheet of 28 gauge galvan1zed

' ’

.metal.with a 11.3.cm d1ameter hole (=100 cm?) cut'1n the

N - Y v )
y : . LRI L] . e
. .



10

Figure 1. Bark punch used to cut 100 cm® circular bark

s

——

-

AN
« rma——
.
- LN
\
- -
.
-
-
)
4
.
- —
-
' P
—_———
‘.‘
-
&
. . .
L4 —
W
. '
-
» . : :
’ )
. s
. M et
[N $
. L
N . .
. =
iy .
A.‘\ ,
v

-
" .

. samples. A chtting head (71.3 cm inside

diameter); -B. handle. -
s -

-
~
'
q .o * -
v 3
.
- v 1
R
Ll
¢ o
» .
- o
e
» '

-









iE3S

13 -

Figure 3. Bark beetle Emergence trép for sampling a

100 cm® circular bark area. A. base plate (15 X 15 "g

cm), B. net, C. funnel, D, collecting vial,

5— .







. 2,2,1 Rearing chamber studies

center. Eight small holes were drilled at equal intervals

arbund the perimeter ©f the plate to accomodate screws. Foam

padding {(carpet underlay) was cemented to the back of the

metal plate to ensure snug fit of the trap to the-bark

surface., The trap net was a 20 cm length of nylon stockipg
stapled to a .15 cm x 15 cm pieéénéf waterproofed cardboard
(300 weight illustration board) and cemented to the metal

¢

base plafe. The other end .of the net.was glued around the.

" mouth of a 10 ¢m diameter plastic funnel. A collecting vial

cap with a hole drilled'throdgh its center was.glued to the

funneI'Shaft.and a collecting vial tohtaining'70% ethanol

attached. Traps ﬁpre fastened to trées with screws and:
f -y . P

washers. Vials we;é'anchored'with'elastic bands to nails

embedded 'in the éree boles, : -

2.2 LABORATORY PROCEDURES

]

,
' Mating and oviposition 5eha§iour,'gallery_constrﬁctidh;
as well as brood development and behaviour were observed by
use of 'bark~sandwich' rearing chambers (fig. 4) similar to
that degcribed by Schmitz (1972).<quh chamber consisted of
a 15 cm x 30 cm piece of bark and phloem sandwiched between
a péir of rectangu;ar,'transparént éheets-of plexiglass, 20

cm x 35 cm. A 1,5 cm diameter hole, through which beetles

————

/

were introduced to the bark surface, was drilled. through the

centre -of one sheet. The unit was fastened together By

+ oot

15 °
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Figure 4. Bark-sandw{ch rearing chamber (20 X 30 cm).
- . &®
Top. top view, Center. bottom view, Bottom. side

5 View,o

i
— -
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screws in each corner and the edges were sealed with

paraffin to retard dessication.

Y

« A female beetle was introduced ‘through the central hole
which was then plugged with a ruboer stopper. After
successful aflack_by the female a male was added. Two

chambeﬁf were stored vertically at each of three

_Ltemperatures:.lz °C, 18 °C and 24 °C, and-observed daily. In

L

addition to observatxons of behaV1our the following data

—
e

were recorded: gallegy elongat1on rates at each temperature,

the developmental time of each 1nstar of each individual and
the number of larval 1nstars for each 1nd1v1dua1 The
developmental time of each instar and total developmental

time from egg to adult was,avefaged for all individuals

reared at the same temperature.

2.2.2 Larch bolt studies

&

Four pairs of beetles ﬁerelingyoduced into each of

.Feéenﬂlarch bolts, 50 cm long and 20 to 25 cm in diameter,

two days after they were cut from living trees. The ends of
’ '
the bolts Were sealed with paraff1n to slow dessication. .

- ——

Holef of 2 to 3 mm diameter were dr1lled at a_45° angle
approxxmately 5 mm 1nto/the bark at equal 1ntervals around

the perimeter of each bolt, 8 to 10 cm from_the.base. A

female beetle was introduced into each hole which .was then

covered with a gelatin capsule secured to the bolt with an

insect pin. This prevented escape of beetles yet allowed

frass to be expelled The presence of frass in the capsules

L

pp——_y s
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- " - .indicated successful attack A female that did not 1n1t1a€e
' attack was replaced “One day after attack initiation a male
wwas added, If frass continued to be expelled after male
introduction, attack was considered successful, whereupon,
§~ ) gelaijn capsules were removed. Each bolt vas placed in a
s¢reened rearing chamber of.40 cm x 40 cm x 55 cm and stored
outddors..After beetle reemergence the Barkrnas removed from
iall bolts; each galle}y.sysﬁem individually examined.and the

follow1ng data recorded? gallery length and shape and number

of 11ve ‘and dead progeny éM\each instar.

o ' 2.3 LIFE HISTORY : . .~
. - ' ’ | N o ’.
. 2.3.1 Spring emergence T ' - >
PR In late April 1983 emergence-.traps were placed on four

trees containingloverwintered.adults. A trap was placed,en
" each of north and $euth asqeéts at each heignt of 0.5 m, 1

m, 2.5 mand 5 m . Tiaps were checked every second morning

and emerged‘beetles removed, counted and seked {males .;
possess ;triduiating teeth on abdominal tergite seven whjch
are lack1ng on females). Each specimén was‘dissected to
exam1ne gonad and fllgh; muscle size and gut contents. After
emergenge was cpmpleted the ‘100 cm? bark area covered by

' . ?
each trap was removed and checked for-remaining adults.
. A4 » ' !

2.3.2 Host attack and reemergenee-—

Three trees of 25 to 30 cm DBH and 8.5 to 10 m in
o, ' ' ' e . - "’_____’d 1
height that were girdled ip.early April were used to

.
. N

. . , .
L ' . ’ . owc . : -

L - ) ' .

. . . arw

N . . ) .. . . .
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investigate host attack and reemergence. One naid was
embedded in each cardinal direction of the bole at 0.5 m
from ground level and at 1 m knteryals along the length of
the bole to a height of 7 m . Every second morning after.
start of host attack,_a wire loop of_11;} cm inside diameter
(=100 cm?®*) was hung on each nail and the number of entrance

holes encircleéd by the loop tallied.

1

r

" When . host attack was nearly complete, four emergence

traps vere placed at each. he1ght of 0.5 m, 3 m and 6. m on

- two ‘of the three trees. When parent adults began to

'reemerge, traps were monxtored at two day intervals and .

reemerged adults tallied ‘and sexed When reemergence was

complete the 100 cm? bark area covered b} each trap was

removed and theﬁdumber of live and dead residual adults

counted and sexed, .

The above procedures were repeated for the second

attack and reemergence periods using two trees that were

girdled in mid-June. "’ ' -1‘. :
. - ‘
2.3.3 Mating and egg gallery construction
/ : - . I _ . :

Behaviour during mating and egglgallery forﬂation as

well as'éallery elongation .rates at various tempera&dres

- were, observed using' bark-sandwich rearing chambers, Rates of

gallery formation by. females were compared before and after

male xntroductlon. These observations were supplemented with

observations of egg gallery lengths and shapes in the fxeld.'

t
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2.3.4 Oviposition
'._._‘_’-‘

Field data pertinent to this study were collected from-

N bark‘samples used for the brood development study which is-

\

discéussed in the next section, Samples containing only eggs

. : \ ’
were used. The following data were collected from each
sample: phloem thickness, total egg galleriﬂlgngth,_number
of egg niches and number of eggs per n%phe._?he number of
eggs produced per paif of beetles per egg gallery was .
estimated by substituting the length of each egg gallery

e

measured in- 1nfested trées in the field into the equptlonlf

obtaxned ‘from the regression of number of; eggs perv100 cm’

'sample on. the total egg gallery length in the sample

~
A

Behaviour of adults during oviposition was obsérved in

bark-sandwich rearing chambers.
. ) ‘ A v

In 1983 changes in flight muscle, fat body and gonad
size were investigated in adult;~;;llected during spr1ng
emergence and attack 1n1t1at1on: from two to three, fonr toE

‘

five and e1ght to twelve day old galler1es- and at

3

reemergence. In 1984 reemerged beetles—were collected w1th
ui'

ﬂfqergence traps at Pynn-s Brook in western Newfoundland and

‘for condition of fllght muscles. Also, cut larch-

n!m long, 20 to 25 cm diameter) wvere placed at‘

Various.distances from three infested larch.trees t6 attract

reemerging beetles. A bolt was placed lengthwise on the ,
ground 2 m from the base of each tree, another 4 m from the

base on fhe opposite side of ‘the tree and a thurd bolt vas
. ‘3.

.

[N

[

©



=

. J ‘ e n22..

suspended in the air from the ground 3 m from the trée bole
and at a 90° angle to the other bolts. Additlonall;, three

larch; approximately 25 to 30 m from the infested trees,

PRSI g

. were girdled,before beetle reemergence: Bolts‘andhgirdled )
trees ?ere examined egch day during the.reemergence period
’and attacking adults were.collected. All specimens useq in
‘J'fllght muscle st;dles were f1xedfindalcohollc Bouin' s\ )

solut1on and examined for fl1ght mu‘gle, gonad and fat body~

CODdlthﬂ. The metathorac1s medianus and lateralls médlus

0 ,....f”

' muscles vere selected for -study of flight miscle size

, changes because they were distinct, eas1ly recoahlzable and ,

varied- greatly 1n size bétween the flylng and non- fly1ng

- " [
condition. . ‘
’ -]

‘ L]

2.3.5 Brood development and behaviour

4 »

WO glrdled trees containing brood were selected for
study of the development of the first brood in the f1eld

One tree (Tree 1) was located 1n a sheltered .site and

constantly shaded by neaghbour1ng trees, - whereas, the other‘T’

(Tree 2) was in a clearlng and sun-exposed. Each tree was

'] sampled at five day’ 1ntervals from commencement of attack

until completion of brood development. Samp11ng consisted of

remov1ng twp 100 cm5 bark 8isks from each tree at each

sample height of 0 to 1 m, 2.5 to 3.5 mfand 5 to 6 m Ths

following data weére collected from each'disktfndmher of S
brood in’each instar, head capsule widths of larvae (to the

nearest 0,02 mm) and—the number of dead ldrvae in each

ln \ , . . .

o |
.



‘instar and apparent causges of mortality.

y ) : .
‘- .. L : o -
" .Sampling of the second brood consisted of removing two |

- : 100 ‘cm? bark disks -every five days from a height of Q.5 to 2

m.ofseach of two infested, éirdled trees. - T

- - Developmental‘;xme of each instar was estimated as the ';',\‘;

number of‘days’ betWeen the date of . f1r§1 appearance of onew‘ .

~ instar- 1n samples .top. the date of £1rst appearance of the S ;
L L next 1nstara Instar developmeutal times were compared ‘uf'w_ ’ ‘

-

f;f_v_ e between success1ve broods ‘in the fléld af well as t0~that of (#\
;‘ ..I L o P ‘ ¢ . ' \ .
o brood reared at varmous temperatures *in. ‘the laboratory B T

- )

) Developmental txme from egg ‘to adult was est1mated as the . .f;;,f
number of days bétween the flrst appearance of eggs in the,

T K samples to. the f1rst appearance of brood adults., - .

i‘ ' o . e A development index, similar to the one used .by. Dyer' ) "ﬁa’”
: (1969) was used to descr1be brood development at each
R sampl1ng date numerically. Eggs; f1rst, second third,Tourmh' .
‘instar larvae; pupae and brood adults were assigned the

valueé'oﬁg“?:"seven, respect1vely. The development 1ndex of

7/

brood at each samplxng date was calculated by mult1p1y1ng )
\
the proport1on of all live brood in each development stag&fj
. by the - numer1c value assigned to that stage apd summlng for. - N

. all stages presens in the samples, thus giving a value o
R betweeh one and seven. . B Rl

?

e
Brood behav1our duf?hg development and feedlng was
{

. N ,1 observed in bark- sandwxch rear1ng chambers. o

- —— - o . * ' ' . /
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2.3.6 Overwintering behaviour

- ——

In early August 1983, four emergence traps were placed

) . N
at each height of_0L§ m, 2.5 mand 5 m on each of two trees

containing the first brood of 1 October four

1983 and on

traps 'were placed at a height of each of two trees

1.5 m ¢n
containing the second brood. of'19§3 to determine if brood

adults emerged from the upper reg1ons of 1nfested boles

f

before w1nter to h1bernate in gallerles at the bole gi'

Traps were checked every five days and emerged beetles

removed counted_and-sexed.

In late October the 100

area covered by ‘eagh trap was removed and the number of
r

re51dual -adults (live and dead) werelbounteu and sexed.

Flight muscle condition of emerged beetles was examined, On
\ .

3‘December 1983 two 106.cm’ bark samples were removed from

‘each height.of 0 to 20 cm, 40 to 60 cm and 80 to 100 cm of
. . Y
the two .first brood trees previously used for winter
) ¢ f .
emergence studies and ‘three other trees containing

overwintering first brood adults. All live and dead beetles

n

in each semple.were counted and sexed. Also on 3 December

four duff Bgmples} 0.1 m* and 20 cm deep, were callected

near the base of each of the two first brood trees

- \ v
'prev1ously sampled for winter emergence and éxquned for
-overwxnterxng larch beetles. - R _ \

. .
- <

‘.’( N

- .
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2.4 MORTALITY

>

. . /
2.4.1 Brood mortality
- .

- a

The two trees used for.brood development studies were
also used for brood mortality studies. The number of dead
brood of each 1nstar w;s counted in each phloem sample and
_an attempt was made to determine the, cause of death.

Cadavers that were bloated, brown to black in color and . .-
w1thout apparent phy51ca1 1nJury were assumed to have been
‘k1lled by pathogens. The type of pathogen, ie. fungql,
bacterial, viral or protozoan, was not determined. grood
covered in resin and exhibiting no other apparent injuries
wvere assumed to have been killed by resinosis. Cadavers fed
_upon Sy insect bredafbrs and hymenopterous lervae vere
cf!ssified as killed by predators and parasitoids,
respectively. Larvae and pupae killed by cold teﬂgg;étures
were d darker color than live individuals and contracted
longitudinélly.wa Cause of déath coulé'not be determ&néd of—d'

1] J .
if doubtful it was credited to unknown causes.

* * ——

- Total mortality within each instar (ie. instar specifics
mortaliéy).was estimated using sampleé in whiqh all live
individuals were of later instars than the one for which
mortality was be1ng ‘calculated. Instar speci’fic mortaligy '
; (Mx) was calculated for each instar as follows: : ‘ =

s »

hug Dy/(Dx+ N) where Dy= number of dead of instar X and N= -

)

totallnumber o£'11ve and dead in later instars. Total
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mortality from egg to adult was estimated in two ways: (1) .

instar specific mortality was multiplied by the proportion
of the original number of individuals that lived to reach

\ - . )
that instar and summed for all instars (2) the difference N

v

between the average density of eggs in brood trees and the

~

average density of new brood adults after brood‘maturation.
2.4.2 Overwintering mortality and cold toie;ance

Four non-girdled trees. of 25 to. 30 cm DBH,- 8 to, 10 m-in
he1ght and conta1n1ng overw1nter1ng 1arch beetle brood were
sampled by removing a 100 cm‘ bark d1sk from the north and

!

south aspects of the bole at each height of 0.5 m, 2.5 m and

—

—

5 m. Trees were sampled before winter, on 19 November 1982,
and again after w}nter, on 21" April 1983. All live and dead
specimens were counted end overwintering mortality was |
calculated as the change in morf:ality%etween the‘two
s&'l.ﬁhg periods. d;ezeintering mortality was not determined

for the-winter of 1983/84.

To determine cold tolerance, overwinteriﬁg adult. larch
beetles were collected from host trees at the study site and
transported to the labofatorx'where fifty live adults were S

placed into each of ‘3‘1 petri dishes filled with moietened

oftwood sawdust. Six petri dishes with beetles were stored *

“at each temperature of 5 °c, 0 °C, -5 °C and -10 °C; £our

dishes at -15 °C and three at -20 °C. All petri dishes were

placed in plastic bags to prevent dehydration, One dish was
I 7 ~

removed from storage at each temperature after 2, 4, 8, 16,

_*

—
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w

32 and 64 days, or until all dlshes at a g1ven temperature .
were exhausted, at wh1cﬁ time pronotal width and sex ° ?,ﬁV )
- individual was Lecorded and percent mortality calcula:%
The. entire treatment was repeated for beetles collected one6

October 1983, tw'November 1983 and 2 January 1984,
. {

e ———

To determine if achimeted‘beetleé were more. tolerant

*

tb cold than non-acclimated ones,, some beetles collected

&

from the field on 6 0ctober were accllmated to temperatures
of ~15 °c and -20 °cC. Th1s was accompl1shed by decreasing

the storage temperature of the beetles from 5 °C. to the

}aesired temperature"by'ihtervals of 5 °C every'two dafs.

PR

Four groups of fifty'bee es eac% ﬁere acclimated to -15 °C"

Al? organ sms associated with the larch beetle were

collected an preserved in 70% ethanol and the following

"data collécted: date, developmental stage(si, height of tree

4

bole-at{which collected. and instar(s) of D. simplex present,

4

&

2.6 pﬁk ANALYSIS -

e _ L “
One way analysis of varianée.was‘used'to’make" -
comparisons between data. All tests were performed at the

95% level of significance unless otherwise noted.
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The data were allowed to determine the intercept of
regression equations and no attempts were made to force - ‘
equations through the origin. Forced egqguations reéult in
substantially higher r® because the r? in forced equations
does not subtract.out sums'oﬁ squéres due t04$he mean as-is
done in non-forced equations. Forced equations also result
in extrapolation outside the raﬁgs of the -data and thus may

mask biological phenomena

. 8
- i
- i o— '
. , ™~ )
//x " )
[y / #
i
] R s A

LT Y s [} ’ * . 2" v N
' .
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3. RESULTS
3.1 LIFE HISTORY

3.1.1 Spring emergence
v . :

Emergence of overwintered D. slmpie&‘from trees in 1983
N : lasted from 7 May to 19 June and peaked on 19 to 21 May when

30% of total emergence occurred (Fig. 5). All live beetles

— " that had overwintered in trees emerged. Peaks of emergence .

w —coincided with périods of high daily mean air'temperatﬁré_
(Fig. 5) and no beetieé emerged on days when mean air
. temperature was 4 °C or less. — .

X ) . . ’ ’ -
J; - R Diurnally, emergence was observed to occur between .-

* -

10:30, and 17:00 hours.

.,____..-b }J o 4 ‘f -
\ s Theré was a sex ratio of 0.4 males: 1 female among
emerged beetles during_thq first.eight days of emergence

(Fig, 5) as compared to a 1.4:1 ratjo for the remainder of

.+ 7. the emergence period and 1.2:1 for the entire emergence.
/ i period. : '
. .

Of the beetles that emerged during the first ten days,
77% came from the south aspect of the trees (Fig. 6) ,
comparéd to 34% for the remainder of the emergence period

¢ .

and 47% for the entire emergence period. A

Peak emergence occurred on 19 to 21 May at each sample

height (Fig.'7) but differences occurred in total numhe; and
sex ratio of emerged adults with sample height (Table 1),

~

-

e

a
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™~ ~ .
Figure 5. Total number of emerged overwintered
Dendroctonus simplex adults from four larch in
, Newfoundland and daily mean air temperatures from
7 May to 19 June 1983 (n= 32 emergenete traps for
‘all trees corhbi\ned)..
. ! »
e
- — ’;
e
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Figure 6. Total nuﬁbér of ;merged overyintered . ' e
Dendroctonus simplex adults from:north al}d._south '
aspects of boles of four larch in Newfoundland
from 7 May to 19 June 1983 (n= 16 emergence traps

per aspect for all trees combined). .
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Figure 7. Total number of emerged overwintered
eDendr'octonus simplex adul’ts-gt four sample heights
of four larch in Newfoundland from 7 May to 19
"June 1983 (n= eight emergence traps per height for

all trees combined). .

4
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Table 1. Total number‘,Lex'ratio and- density of overwintered Deﬁdroctonus simglex adults

emerged from four sample helghts of four 1nfested 1arch in Newfoundland from 7 May to 19

June 1983 (n=/8 emergence traps ger height for all trees comblned) !
P}
<N X
) SAMPLE HEIGHT (m)
) { " . TOTAL /
0.5 1.0 2.5 5.0 AVERAGE
- - N - ‘ '
No. of emerged beetles (% of total) |90 (17)| 104 (20} | 233 (45)| 93 (18) |520 (100)
Sex ratio (male : female) 1.3:1] 1:1 |°1.2:1] 1.9: 1.2 : 1
. . A . F . .
| Density of beetles {per 100-cm?) 11 ]/ 13 . 29 12 16
. ) ] -
A
“ |
. - H Y .
. .,
! . -\ ~
- ’ ) ’ . i
r o
. . Lo-
' ‘ 5 '
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. sample heights‘?Table i),

12 days before commencement of emergence, possessed empty

o 37

| v .
The highest density of emergence was 29 beetles.per 100 cm?

at 2.5 m.-About 45% of thé~total'number of beetles caught in

emergence traps emerged from 2.5 m. Average density of

emerged beetles and percent of total emergence wag similar

o~

bétween the other three'sample'heigbts, at about twelve per

100 cm?.ffhe ratio of maﬁes to females among emerged beetles

was néarly 2:1 at 5 m and about 1:1 at -the -other three

«

e - —

Overwzntered beetles collected from larch on 25 April,

guts, whereas, more than 90% of emerged beetles had food in .
the1r guts. The gonads and fat body of emérged beetles S
appeared sl1ghtly larger é'hn those of beetles collected
from trees on 15 to 25 Apr1l, 12 to 22 days before start of

emergence. Also, the fltght muscles of emergéd beetles were

‘ much‘larger than those of beetles‘collected‘pn 25 Apr11 and

were Judged gapable of sustaining jllght.

, '
Cooe v ’

Emerging beetles constructed'their own exit'holes, used

nearby exit holes constructed by Qﬁher individuals or used

-

previously constructed eltrance or ventilation holes. Upon

emergence beetleontended to galk over the bark surface for-

g severaL minutes Jbefore attempt1ng ‘to fly w1th the wind, If

there was 11tt1e or no w1nd’beetles generally tended to fly
southward towards the sun.‘ Most beetles obser’ved to emerge_—-
from/the lower 2m of boles flew to the ground w1th1n 3m of

l' N ' . v

the;tree base. "". o . o ,“\

»

N

ALY

. o€ o

o
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"3.1.2 Host attack and reemergence v

-

Overwintered beetles thgt emerged in 1983 produced. two

_broods, one in iate May and early June (Breod 1) and oME'En

»

July and Augdgtkanood 11). Hence, there were tvo attack and
two reemergence per1ods (Flg. 8). There®was an interval‘of'
e1ght days from start of emergence, on 7 May to start of the
fxrst attack per1od on 15 May *he interval from the first
reemergence, on 25 June, to the first day of the second

attack per1od 4 July, was n1ne dqgs;ﬁ

- #phe average t1me that parent beetles spent in trees,

¥

the interval between the m1dpoant of the attack perlod to

the m1dp01nt of the followlng reemergence per:od,-was 30 and

—

32 days 1n Brood I and Bro.d II trees, respectively. Average

. \

temperature during B:Qod I and Brood II product1on was 13 °C

and 16 . °C respect1vely\\_*

- . -
Attack -

The number of attacks by overwxntered D. simplex adults

.
on .host trees durzng the first attack perlod varied greatly -

S
between 15 May and 25.June.(Flg. 9). Dur:ng“the 42 day

"attack per1od peaks of attack coincided with peaks in mean

:dally air temperature. All but one attack peak occurred when

mean air temperature was. above 10 °C (Fig. 9). There were no

attacks on days when mean air temperature was 4 °C or less.

- .Trees were observed to be attacked’ between 11:00 and\17 00

‘hours with no discernable peak durxng that time,

Y

yr '
L R



Figure 8. Emergence, attack and reel'nergent:.e'periods of ‘ VL

width of bar.. indicate general quantxtatxve e
~--Ehanges in the adult populatwn for the durati
*  of each act1v1ty. Do&::ed lines mark" the mxdpom

A

Dendr'octonus simplex in Newfoundland in 19

«©Of each per.:md.
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Figure 9. Total number of-attacks by overwjn;efed ~

Dendroctonus simplex adults on three larch in

Newfoundland and daily fean a1r temperature from
T

’la May to 25 June 1983 (n= 96 100 cm’ samples for

- all trees combined). '

M il
! !
.

o | - o ®
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The number of attacks.at 1 m intervals along the boles

‘ of three girdled larch varied with time and height (Fig,
10). Tree goles, 10 to 11 m in height, were attacked from
ground level to a height of approximately 8 m. Large exposed
roots and limbs were also attacked. The central portion.of
the bole,.from Z:Q—te m, was generally attacked first with

%%tacks on the lower portion occurring two days later and.

2 those on the higher portion 12 to 18 days later.

Mean attack.dengity was lowest in the upper part of the

infested b&le, from 6.5 to 8 m, where phloem th1ckness and
_bole diameter, were smallest (Table 2). There was no’ )
s1gn1f1cant d1f£erence in attack density between the two
lower sample heights. Average attack ‘density for the entire
infested bole'was 2.4 + 1.2 attacks per 100 cm®. No
successful attacks occurred in areas where phloem was
thinner than 2 mm, although some abandoned attack.holes that
_extended 1nward to the wood surface were found. There was no

significant d1fference in attack.density between the four

card1nal-d1rectlons of tree boles or between sample trees.

< N L}

-

© All trees in the study plot tHat were attacked in 1983
died the same year. However, ‘two trees that were attacked by

.a few pairs ih 1982 survived and vere attacked again in' 1983

and.kLileq; , ) ‘ T‘”‘*\\ B

-

T,

I observed only four .beetles that were p1tched out'

ie, kxlled by res1nosis, at the study site in 1983.. There

abpeared to be more resin product1on by Brood 11 trees than
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3

Fiébre.10.,rota1.nﬁmbér of attacks‘by.overhintered

Dendr'octonus s}mplex adults at 1 .m intervals
aiong the boles of three lérch in Newfoundland
from 15 May to 25.June 1983 (n= twelve 100 cm?

samples per height for all trees combined).

b4

..{
[
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Table 2. Mean (% standard deviation) phloem thickness, tree

diameter and attack density by Dendroctonus simg‘;i at 1m
intervals along the infested boles of three girdled larch during,
. . L8 . )

A e .
the first attack period in Newfoundland in 1983 (n= 12 100 cm®

éamﬁles at each height for all tfees combined). -
” . '
“HEIGHT OF | MEAN (*SD) PHLOEM | MEAN (*SD) MEAN (*SD) ATTACK
BOLE (m) | THICKNESS (mm) DIAMETER (cm)| DENSITY PER 100 cm? '
. 7.5 2.5 ¥ 0.4 16.1 ¥ 3.0 0.8 £ 0.7
6.5 2.5 + 0.4 17.2 + 4.9 1.5 + 0.8
5.5 . 3.0%0.5 | .20.3%4.7 2.7 £ 1.6
4.5 4.0 £ 0.5 21.7 + 5.5 2.8 £ 1.5
3.5 * 4.5 0.4 22.9 % 4.7 2.6 0.8 7
12,5 5.0 £ 0.5 24.7 ¥ 5.5 2509 |
1.5 5.5 + 0.7 29.2 £ 7.9 28409 |
0.5 6.0 £ 0.9 - 36.0 £ 9.7 2.7+ 0.8
AVERAGE — -— 2‘;\4‘.’;, 1.2
. -
» “
]
lagn
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by Brood I trees in 1983. ‘

\

Beetles were Observed to land on érees other t7pn larch

and on larch that, subsequently, were not attacked.

) b

The second attack period lasted 25 days, from 4 to 29!

P

- —July (Fig. 8). In the study plot in 1983 only two girdled

,treeslwere attacked §¢om-ground level to a height of 2.5 m.

_The total-number of attacks on both trees was 40 to 50, The
(ayerage.number of attacks per 100 cm? wae'2.0; 1.0 and) 0.25 °
at 0.5 m, 1;5 m and'2.5 m, Eespeétivelyﬂ In 1984 only three
girdled trees and cut larch—bﬁrfé_were attacked durihg‘the; I
second attack peried'at Pynn's Brook. Trees were attacked
from gfound level to a height of 3'm and the tdtal number of

attacks was 15 to 20. No ungirdled, standing trees were

-attacked during the second ettaék periods of both years.

Females initiated attack. After landing-on a larch. tree
she moved aqpund.the eufface apparentlyosearching for a
suitable area™ih which to compence boring. Many bark scales
and crevices were usually examined before boriﬁg commeﬁced.
Bome beetles arrdving‘at hoste late in Ehe day were observed
to‘remain in bark crevices overnight to commence.bor&ng the

next day. Females avoided smooth areas and bored under ba

scales or in bark crevices. Attack sites were easily

" discernible by the accumulation of reddi dust

or frass on bark scales beneath the bor1ng site. Beetles

‘@

tended to bore into the barf at an obl1que angle which

. resulted in attask holes being oval Ln'shgpe,
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Males usually arrived up to twd days after start of
boring by females. After landing on a host a m;1e moved
around the bark surface. When an entrance holg was found he
waited’futside for two to ten minutes, occasionally
stridulgting,.before entering the galiery. I1f the malgjf“\'
arrived early and the gallery was not long eaough fd;fhim to
enter he waited outside until the female eldngated it.
Sometimes a male left an attack site after a brief period of

stridulation and looked for another on the same tree.

i

. Up to fouragaips Qf'bgétles used a siﬂéle.éntrance hole
but each péi; constructed their.owh egg gallery in a
- direction away from that of the other pair(s).~6;e of a
single.entrance hole by one, twb or three‘to four pairs of
beetles occurred approximately 60%, 30% and 5% of thé time;

respectively. The ratio of number of pairs of attacking

adults to number of entrance holes was approximately 1.6:1 .
Reemergencé * —
Reemergence of parent adults from trees in which they

e;tablished their first brood lasted 32 déys, from 25 Jung‘

to 27 July (Fig. 11), withéut a distinct peak. Mos;
reemergence peéks and declines coincided with temperature

increases andndgcreases, resyéctively. Diurnq&lx' ,

reemergence -occurred betweef 11:00 and 16:00 hours.

e

~ Reemergence at 6 m started four days later than at..——-

lower saﬁple heights (Fig. 12). Beetle density was lowest at

-
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Figure 11. Total number of reemerged Dendroctonus
simplex parenfs'from two 1archLin Newfoundland
* and daily mean air temperatures from 25 June to
'27 July 1983 (n= 24 emergence traps fLor all trees

combined). - g

on l\f', ~‘ [

e e
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b m,.at 6.4 beetles per 100 cm?, than at the twe lower
samele_heights where dengity wls 8.4 to 8.8 per 100 em?
(Table 3). Percent reemergence was similar for all heights,
et 90%. Therefore, mortality of adults establishing their

" tirst brood was ‘about 10%. There was an approximate 1:1 sex
ratio among both reemerged adults and those that died before

"reemerggnce (Table 3?. Number of reemerged ﬁeetles» r 100
"mﬂ did hot differ signl}icantly betueen the four cardinal
directions of tree boles. Both sexes usually left éhe‘

gallery at about the same time. Reemerged: beetles fell to

‘the ground at the base of- trees. None were observed to fly.

L

The second reehergence period lasted 25 daye, from 5 to
| \
30 August (Fig. 8). Thére was 61% reemergence ‘at 1 m.
Therefore, mortality of beetles establxsh1ng second broods.

. was 39%. Beetles that reemerged from-Brood II,trees died.
\ 1 ]

-~

1.3 ﬂ:t1ng and egg.gallery cgﬂigxuctlon e

. ‘ ' * '
After the m&ge Jo;négaggzyfemale in the egg gallery, '
the female coQEzEpeé}\§~gl%ngate»the gallery either up or

down the bole of the tree and the male. fqllowed close _

“behind. Matlhq occurred after the adults were in the edg

' . ' ,’ ' I/‘ "
) ’ / ! T
Mating . 4P N -

i .
? o
I
i
a

* * . ) ) : ‘
Larch beetles were observed to mate ‘ly in the distal

end oflegg alleries‘“Mating occurred fiv éo thirty minutes

ks

after the_male entered the ‘gallery.-After entrance the,male -

[ . . . . ;’ B ' .- PR

wrt



Table 3. Total number of Dendroctonus sim

died, peréent reemergeence and densi

-

|

‘ ~

ty of padent beetles at three samplé

o

plex parents that reemerged and th

of. two infested lar:cr\ in Newfounélénd from. .35 June to 27 July 198 (n= 100" cm?
. . : . ) . : e
_samples at each height for all trees combined). . 3
- e '
. ) - .
- g - SO
. SAMPLE HEIGHT (m) ;
. 0.5 3.0 : 6.0 TOTAL TOTAL
u-- % -
I M F M F M F M F
- I’
. 7 N ]
No. of reemerged parent beetles, | 31 |31 [29 | 32 -L25 21 | 85| 84| 169
No. of dgad parent beetlés 342 1al s |3] 2|/w] of 1
. . - ‘\-.‘\ k!
Total ' 34 Y3333 |37 28y 23 [-95 [ 93| 188
- // ) . l? \\ /’rﬂ\
. L ' ) ) . ~ - o
Percent reemergence Tl .v92.5 87.1 % 90.2 89.9 89.9
. ) : ' i N ‘
Density, of beetles (per 100 cm?) 844 F 8.8 |/ 6.4 [~ 7.8 7.8
‘M= ma.lgz F = female ) V.
.; / , { R

4°]
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v of the gﬂller1es obse$ved contained a female only and”
— s
f galler1es with only a male were not engbuntered. Most ‘ s

‘galleries contaxned one male and one female. However, ‘three —

" . . >

-

/——\__ | .l o . 55 <+

-

p_oceeded to a location behind the female and star{ed to
jo!{iEK:er with hig head and front legs. To facilitate ( '
mating “he male backed into a turning niche, turned around, ' 4

and backed up the galleryv towarl the female where he .

-——\

continued courtship by strok1ng the tip of her abdomen with
his hind legg for ten\to thirty seconds before copulatlon -

occurred (Fig. 13). Dur1ng copulation the male contrnued to X
stroke the female who remained inactive. On the average

cbpulation lasted 92 seconds (SD=29.5, n=14) and n6ne was.

longer than 180- seconds. Follo£1ng copulat1on the female

\recommenced gallery construction wh11e the male turned

around and returned to,a p051t10n behlnd the f&qele. The

. average humber ‘of copulatlons per beetle pair and the

/
average t1me 1nterval between copulat1ons was not

4

; determ1ned ‘One pa1r was obse:ved to mate four t1mes within

1two days and the shortest interval between copulataons was

one hour.‘It was not determined whether a‘female required

. r

) more than-tne mating to complete brood'produqt1on. However,'

.

the male stayed in the eggq gallery'w1th the female until j

‘complet1on.of brqod production and mat1ng was observed R

per10d1ca11y until reemergence. It was not determined

~

S
whether a femare requ1red a mate to produce a second brood
1n a d1fﬁerent_tree. However, females that produced second 'g

broods were accompan1ed by males. In the field, -less than 1%+
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Fig‘ure{;i 3.
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-
galleries were observed to contain Twd males with one
female.
. - . ' .
Egg gallery construction ' .

Only the female contributed to egg gallery elongation.

"' she bit off small pieces of phloem from the distal end of

the gallery, ate some of it, and pushed the rest of the —-
‘phloem b1ts (frass) beh1nd her where the male gathered it ‘o
into a pile with his. ‘legs and pushed it out of the entrance

hole. Before male arr1val females kept gallerles clear\by

- ushlng the frass out of the entrance holes. No males were '
‘Sgserved to 1ngest frass When 4 {L 6 cm of gallery was |
constructed the male packed the frass in the lower portlon

of the gallery. Thus, 4 to 8 cm of the distal end of the“ ".

LI L

gallery,was kept c}ear. ' .V .

{ | ';—'—_.

wo ' - ) Y

Egg galler1e5 were sllghtly s1nu€;s and_vertical (Flg.
fﬁ) 1e. parallel{fo\the grain., They extended upward from .
the entranﬁ: hole apptox1mately 80% of the t1me and downward .

the other 20%. Galleries were constructed pr4nmr+ly in the

‘ phloem, cont1nuously in contact w1th the camb1um .and very —_—

lightly s or1ng the wood 1n areas where-phloem was thin.
1Average egg gallery d1ameter was approx1mate1y 3 mm but
varied accordlng to the diameter of the beetle that
constructed it. Ffbmﬁthe entrance hole approximately 75% of
all egg galleries ascended‘(or descehded) dt’%énally before".

turning directly upward (or downward). There was no’ diagonal =

portfon in the other 25%. Branch galler1es extend1ng from

- .') h \ e
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the main gallery were relatively uncommon. Whes branches did
otcur they rarely exceeded 8 cm in length but did contain
egg niches arnd eggs. Turning niches, approximately 3 mm wide
and 3 to 5-mm long, were cut by males inte-the gides ef egg
galleries at irreqular intervals, which averaged 5 cin. Males
: also constructed ventilation.holes'leadiﬁg to the outside at

}rregular intervslsh'which averaged 4 cm, along the gallery.
" Ventilatibon holes were constructed ‘only after the-entrance

hole was piugged with frass. Ventilation holes appeer

smaller and more c1rcu1ar in shape than entrance holes when

— -

» viewed. from the external surface of the trees'Many
. , . _’__._.——d
.+ ventilation holes were' covered by bark scales. Males_jiere
observed to ingest leoem.bltteq off durgng turnlng n1che
" and ventilation hole construction. ' ’

-

. *\\w. - When a pe}f'of beetles entered an'attaek‘ho&e used ey
\! another pair(s) they constructed an egg gallery away from-or
Y ,"D?afgiiel to the other gallery(s). Less qoﬁmdniyla pair would
" walk for a short»distance'along a galiery constructed- by
another pair‘before branching o;f and starting a gallery of.:
. the1r own, Intersectlon of galler1es was fairly common (Fxg;
14) espec1ally 1n densely attacked trees. This made N
xmeasurement of length of 1nd1v1dua1 gallerles d1ff1cult’//
B ‘Only 31 gallerles were measured in the field (Table 4).-Ai1
-;‘ ‘ g were ag helghts of 0 5 to 2.5 m in trees thus prevenfxng a
E gf’ compar:son of gallery- lengths between treeﬂhexghts.
Gallerles ‘in Brood I trees (mean= 41 cm) were 51gn1£1cantly

longer than those-produced in Brood 11 treep (mean- 26 cgl)_~

R ) ) ) . . ) ' ¢

t A
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Table 4. Mean (% standard deviation) and range of egg gallery
~ lengths of Déndroctonus simplex in Brood I and Brood II trees in
‘Newfouniland f_ield'populai;ioﬁé in 1983 and in caged larch bolts.- - 7
—_ S
A) i .
. MEAN (* SD) LENGTH e
SOURCE OF EGG GALLERIES N OF GALLERIBS (cm) RANGE
' : » N -
Brood I trees 24 . 41 £ 13.8 20 - 85
- — ‘ >
Brood II trees 7 26 7.6 16 - 36
Caged larch bolts 21 535 * 14.9 '14 - 78
. . - _ . .
Iy /"' .
¢ ' & ~
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) deposited at irregular intervals along both sides of

_bolts (mean= 35 cm), nor were the latter significantly

® galleries except for the, first and last 2 to 4 cm. Before

. y
—

ha 2 . . ,
but not significantly different from those in caged larcly N
; ~—

-®

different from those in Brood II trees (Appendix A).

+

E;; gallery elongation~rates by D. simplex in bark . }#M
sandwich:rearing chambers increased with 1ncreas1ng
temperature (Table 5). Between 12 °C and 18 °C gallery.
elongat1en rate doubled However, the d1fference in rate
between 18 °C and 24 °C was relatively small. Before males ‘_ -
were introduced to the chambers fehales elongated'gélleries

at average rates of 0.5, 1.0 and 1.1 cm/day at 12‘°C, 18 °c

~and 24 °c, res eCtivelyT After male introduction’ the . ST

respectzve gal ery elongat1on rates doubled—t& 1. 0, 2 0 and

e

2.3 cm/day. : ) - o . | ) .

.3.1.4 Oviposition

Females commenced ov1p051t10n apprOX1mate1y three to | T
flve days after start of egg gallery constructron and

-

stopped two to three days before reemergence. Eggs were

[

ov1p051t1ng the female excavated a small rounded depresszon, Do
1 S to 2 mm deep, 1nto one side of the gailery at the: d1stal
endf This depress1on became_the egg niche, The female thep

backed down the gallery to a preriously codstrdcted turning

n1che, reversed backed to the distal end of the gallery andD

laid an egg(s) 1n the niche, She then repeated the turning
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'three and four eggs, respectively. #he mean number ofew eggs ¢

* per niche (E/N) and mean number of nrches per centxmeter'of‘-
' reSpectwely, and - varled llttle \nth tree helght or between

. N/cm between. Bréod I- sample trees, between sample heights of-

* trees for all helghts combined (Appendix D) Addltlonally, .

v ; *
dlfferences in E/cm thh tree. he1ght and between Brood ZI .nnd .

’ ' . .

. _ . .
»" . L !
process, returned to/the .distal end and continued to -
P . M 4

elongate the gallery before excavating another niche. The = - * - L2
. . " T e :

beetles _appeared to npt pack the e'gg niches 'wfith frass. 4

, . K . 2 :
delibéﬁatel§ but this soon was done incidentally by the male \

- : rd - A ;
during the process of frass clearing _0f 1273 egg nicyes

examined 17%, 42%, 26%, 111 and 4%: contam‘ed zero;,” one two,

gallery length (N/cm) vere' appr‘oxxmately 1.4 and 0 7 R S LS

>
] IS %
~ vt . -

fu'st and - second broods” (Table 6). le_ferences in E/N and " ‘, R

. o ~
2

Brood 1 trees and be tgeer fnsL-and second broods veré .not v

s1gn=1f1c3nt (Appendlces B.and C) - - ) ;o

t 0 - st - - . ':' - ‘Iﬁ |
.!'he mean number of eggs per centimeter of gallery ) .. .
B, s . PR

length (E‘./cm) was near 1.0 ﬁor

(Table 7). However, E/cm in cagekl 1arb91ts,' which - -~ g

averaged 2 0, was' significantly higher than for Brood 1o,

ther ,h?a a s1gn1f1cant dlfference 1n E/cm between‘he two e
Brood I sample trees (Appendlx D) The tree with the Rhiglier-,

'E:/cm ratlo also hag'mgnxflcantly thlcker phloem and iower . —

“egg gallery length per 100 cm? ,of phloem area (GL) 'rhé .

Brood II trees were not svignlflcant (Append1x D), although

there were sigmf:,ca‘pt dlfferences in phloem thxckness with . o

\ . .
e P sl

tree height and Brood T1 t;reegs had " signif1cantly “lower GL
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' Table 7. Mean (:I:standard deviabion) number of Dendroctongs .

_ slmg ex eggs per cm of gallery length (E/cm) ir{ 100 cm
phloem samples from each sample height of Brood I and Brood
II trees in Newfoundlar‘ fa.eld, pbpula\tions in 1983 and for

: gallenes in‘caged larch. bolts.

e

L4

SAMPLE . NUMBER OF G " MEAN (XSD)
BROOD | HEIGHT (m) | 100 cm? S PLES #£5/cm
1} 0-1 y 64 1.0 % 0.33
| . o ) ) i
"4 2.5~ 3.5 64 0.9 %0.26
L3 .
" 57w 58 1.0 * 0.28
. " l}verage“ 186 - 1.0 £ 0.30
11 0 -2 50 . |.1.0%0.20
. \ . '
Bolte — 21+ 2.0 £0.39 |
» R T
C * number of galleries -
% . & - T R .
] * R 1'
#
*
. § /
? [ ' ‘. I‘
o - If ! . 1 \
\- l "\-. .«} ‘*_:‘-—.
N TN s 7
A " '\ ‘ f/“ \ } . :
. : v
K 3 . ‘

N

‘.‘_
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~ T than Brood I trees. Multiple regression of E/cm }n{GL‘and
Af;'- phloem'thickness (N;186) yieldgd an'R’”value o?{o 64 ie.
- only 4% of the varxatlon in E/tm was accounted for by the
two preélctors., e ' -

o Regression of number‘ofreggs per 100 cr? sample (E) on
,GL yielded the regress1on equatlon' E= 5 09 + 0.833 GL,
where N- 236 and r= 0. 91 -The equat1on ‘was cons1dered |
lgt, . - satxsfactory for est;matxng*number of eggs from gallery T

length because 82% (r{) of the var:at:J: ‘in number ‘of eggs.

-

_ vas exp1a1ned by the regre551on.

-

The total number of éggs produced by each pair ofa.' ~

beetles in .an egg.gallery was estxmated by: subst;tutxng the . N

,1ength~$f each of the' 31 gallerles measured in the field
1 -

into"ERe abOVe regre551on equation, The number.'f°eggs _—

‘ produced by each paxr of beetles in caged larc \bolts wads
‘hbtained duf;ctly;by counting all live andpge d progeny in
| | ? ‘each gallery‘ The number of eggs per gallery was ‘ (
L T sxgn1£1cant1y different between Brood 1 trees (mean=' 39) and N
Brood II trees (mean-% and-betveen Brood I trees and - .
o _ -caged larch bolts. (mean- 70) (Append1i E) ‘Pairs of.beetles : LD
;l&oduced an average of 44% more eggs in their f;rst egg | |
galleries than in theit second gallerxes ‘and pairs of ,
beetles ‘in caged larch}bolts: produced 79% more egd’ in the1r '

Y O .
than were produced in Eirst eqgg -

i .- first egg gallerie

"gelleries by beetles -the"fiéld (Table B, . | ey
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Table 8.: Mean‘(‘-‘l standard deviation)} and range LE number
v of eggs laid per pair of Dendrectonus simplex adults per

Y . . ' : ' e . : S
gallerx\(E/P) in' Brood I and Brood II trees in the field

and in #aged larch bolts. ' : —

¥ -- - .
[ . . [ ]
% . '

. : T .| NUMBER OE, MEAN (2sD)

"RANGE -

L

, ‘ !/’ GRLLERIES | - E / P

L

Brood I trees* 24 |39 1.5 |22- 76

*

‘Brood II trees* LT - Zl * 6.3 18 - 35 !

g Caéei'larch bolts** | ' 21 70-% 33.3 |91°- 160
a TENY N - ‘

K\E/P was.. estimated with the regression equation‘ E =

5.09 + 0.833 GL; E = no. ed§s; GL = length of each

gallery measured in the field S !

--..—.'

v | ** E/P was counted - - T

*s .
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\\V-P')’.'ﬁweve*od II tre..es had sxgnxfxcantly lower btoqd
N=

i .

i

-

. of the abdomlnnl space and_protruded"

"1n the abdomen and reduce

| 11ttle space in the abdomen Adults taken from two tq thri

" and enlarged gonads. . Testes of males had increased only

- moreereduced and ‘had almost d1sappeared except £or a £ew .

-

— | ‘ | M \ ’ d . . /
Mean brood density, approxxmaﬁely 49 i{ndividuals per

100 cm? for ‘all sample herghts cgmhl:ed in Brood I sample
téees, var1ed little with tree heigh (Table 9). Differences

: H
.in brood- dens1:y-between sample he1ghts of Brood I trees and

between Brood I sample trees were not s1gn1f1cant (Appendrx
densities 23 individuals per . 109—5}') than hrood I

trees (Append1x F). Regression of brood dens1ty ‘on phloem

L} L

thickness resulted in an r? value of 0. 02 (N= 186) Hence, <t

*

.phloem th1ckness 1& a poor ‘predictor of brood densx;i.

—

When overwintered adults emerged - in the spring and
-

commenced gallery constructlon in new trees they posséssed

- large, fully developed fl1ght muscles in thelr metathorax

»

(Fxg. 15A), a laqge fat bégy that occup;ed ‘most of thelspace
g

onads that occupzed relati%ely
i 'l

ra

day‘old gallerxes,'before.commencement_of pv1pos1t1on, had'/n

greatly'reduced flight musclg; (Fig 15B), smaller fat-body-

\
’slightly in flze but the ovar1oles

f females took;up‘mfwvg.

to the metathorax:™ .

‘F'galleries, just after commencement of ov1posxtioq‘ were much

——

- strands (Fig. 15C) Flight muscles were nat visible in

adulu__taken trom eight to twelve day- old galleries (Fig. .

150). Gonads filled most of the spaqe in the metathorax

© . .
-~ ' . ' v - - : ’
. . B8
R ’ . j ‘?-; l .

.

The flight musgles of agults taken from four jo five day-old T

~

\e

n'\}
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K .i’ . Table 9: Mean (% standard deviatidh) and-range of Dendroctonus .
e 28 s 7 .

i éimglex brood densitiés for‘ each sample height of Brood I and

T~ Brood II trees in- Newfoundland field'popula'tions in 1983.
. . L R A}
‘f ' *
5 * | SAMPLE NUMBER ' OF MEAN (£SD) NO.

HEIGHT (m)

100 ©m? SAMPLES

BROOD / 100 cm27

RANGE

4 ~~ b e T ! R a )
1. - - + _
| 1 o.‘.l ‘ 59° | 47 £18.0 |7 = 97
, \\ " T1~2.5 - 3.5 55 . &| 52%17.5. -|9-90.
. , 1 . . :
vl s5-6 . 54 50 £ i8.4  [3-095
. : » | Average' iéB 49.+18.0 |[3-97
F - . ". & . .
‘ II. 0 -2 48 "23 % 8.5 |6 -41
- . i/ "
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F:gure 15 Degeneratwnkﬁ fl1ght musdles (metathorams

+

me'alanus ‘and lateralis med1us) in Dendr'octonus

o

_ slmplex adults. A. ‘muscle condition at emergence

and host éttack ' B. female taken from a two to

-

three day old gallery befsre s.tart of

4

‘ f{w:.posmxon, 'C. female taken.ﬁfr?‘m a four to five

day old gallery Just after start of ov;pomtlon,

D. female taken from an eight toatwelve day old
.5

’ . - " A . » B
N P ‘tN- metathoracis medlanus, L- latqrahs medius
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formerly occupied by flight muscles.

There was no fl1ght muscle regeneratlon in the twelve
(x-:reemerged beetles" (seven maf;s, f1ve females) examined.in
1983 of 96 reemerged beetles examlned at Pynn s Brook 1n
1984 only 17% had fully developed fl1ght muscles and vere -
Judged capable of fl1ght 33% had small flight muscles and
50% had no fl1ght muscles, All 11ve reemerged beetles '.".2—
observed (about flfty to 51xty) in both years fell to the
ground without attempt1ng to fly. The ovar1oles of reemerged
‘females contained no or a few small opcytes. Sixty reemerged,

» . ' . ’ . T o
Jbeetles attempting to construct second galleries were,

collected from cut larch'bolts p!"ed at-var1ors distances '_ .
from fzrst brood trees at Pynn s Brook in 1984. and from |

’ three grrdled trees at the same loca11ty. Beetles w1th smallf. ‘_ S -
or no’ fllght muscles compr1sed 73% of the tota]?of 16 |
beetles coﬁ@ected from bolts placed 2 m away ﬂrpm f1rst )
brood trees.}The six beetles collected from bolts. 4 m awvay, .
‘the ningﬁf;pm suspended bolts 3 m away and the thxrty from % .
the girdled trees 25 to 30'm away all had Eurly developed | | - .;

flight muscles. Fl1ght)muscles of beetles that establxshed

i second’ bnoods in the f1e1d in 1983 were. not examxned. _ »
o : . | H R
4 ' ' X
3 1.5 Brood deveropment aﬂd behdb1our e e
[ L v ,‘

' Like other specxes of Bendnbctonus, D.r%lmplex dev‘elops

trom the egg stage through four 1afval 1nstars .and a'pupal ’ =.-_i»

e stage to the adult (Fig. 16). Freshly laid eggs yere ovoid .o i
] .. Tolay
O A ; SR .’ , B LI ) ) ‘. “ s -, . .
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in shape, 1.0 to 1.1 mm long,'0;6 to 0.7_mm7wide and white
in color: EggS‘passedrthrough several recognizable phases )
durlng development. They were evenly mllky white for , the B

flrst day and\then showed a sl1ght sol1d1f1cat1on 1n,the '
cen;er and. transparency around ‘the marglns and ends aa the
embryo developed‘ The -egg stayed- thlS way untﬁl about two

days befork ec1051on when chitinized mand1b1es became .

v451b1e through th“Ehorlon One day before eclos1on ‘other

[}

head appendages became v151ble.as well . Durlng eflos1on the

chorlon was cut with the mand1bles and the larva crawled ,
out.. Freshly emerged larvae had po1ﬁted abdom'ns and white
head.capsules. Some were qbserved to,eat part of the
chorion. Newly emerged larvae began feedir'after three to

. six hours by tunnellng avay from the egg gallery. With the

f1rst 1ntake of food the al1mbntary canal turned a red- brown

) color whlch was v151ble through the transparent larval

cut1cle Durlng £eedxng larvae often reversed d1rect1ons to

"pack loose frass behlnd them. leav1ng one to two body lengths

at the dlstal end of. the feeding gallery free of frass.,

.Larvae were also observed td'1ngest nematodes, fungalnh<phae

'and thexr own excrement Although feedxng gallermes
J a

sometxmes 1ntersected and larvae came 1nto close contact, no

'antagonistic behav:our vas observed No ingest1on of dead or-

L l:ve eggs, larvae or pupae by other larvae and adults was

observed._ . ;; < N : SR

,' The w1dth -of larval feeddng gallerles incri?ged wzth

teach successive 1nstar (Fig. 17) and var1ed in
L . ' . ‘;' *
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Figure 17. Larval feeding galleries and pup%tion
D L chambers of Dendroctonus S#ﬂplex. Stipplipg ¢
. . o - . : R 4 !
indicates packed frass. F. larval feeding B
gallery, P. pupatiom chamber, E. eqg niche, T. - Ry R

turning nicﬁe, G. egg gallery, V. vent'ilét!gn
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“from 2 to 12 cm. T o ¢ b )
' | — .
o (- : ’ ) P .
' Larvae moultgd in the distal ends of-feeding gailerdes. .
Newly moulted larvae possesséd wh1te.head capsules'uhidh ..33_
. N
' darkened tq a 11ght color.W1th1naa day. Some larvae were A
. R
observed to eat - part of the1r exUV1a but not ;he old Dead:‘u 2
-fcapsules. The last larval 1nstar eﬁcavated an oval phpat1on 1

/larvae stopped feedlng ‘and their d1ges§dve tracts emptxed

chamber (F1g, 17) and blocked the tunnel entrance to the

chamber with frass. Approxzmately two days befbre pupatxon'

« L.

" The lar¥ae .becime mactwe and were b,eheved to have entered &

-]

a prepupal stage.
' )

A plot of head capsule widths of 492 Brood 1 larvae .
from field popblat1ons displayed four d1st1nct peaks o

correspond1ng to four larval 1nstars (F1g. 18) ’Mean heaa

N capsule.W1dths of succ4551ve 1nstars (Table 10) 1ncreased

el

geometrzcally w1th an average growth facipr of 1 33. Mean
head capsule wldths Z??ﬁf s!mplex larval 1nstars in °
(]

Newfoundland were, the average, 17% largzr than thoae
- ,
recorded by Prebble (1913) “for New Brunsw1ck populafxons
:' Il w . o ) . s
- (Table "10). B _ . - ‘ .
. o . : - . / Ul)

-”aftEr wh1ch thefcompound eyes and‘nandibles began to darkeg

The pupa - remained uniformly whnte for 50ur to five doy

‘

Approx1mate1y tho days before adult emergence £rom the PuRa ;
N

"‘th‘ pupal dﬁticle turned “a pal.e yellow ¢olor ang the elyj:ra

1
acguired mére distfﬁét markings. The adult energed Erom tha

?}+' pupa by ruptu!ing the cutigle on the dorsalfbart of the hend

R - '
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Table 10. --Mean (% standard deviation) head &apsule widths of Dendroctonus

in Newfoundland and New Brun

|

rd

swick¥(Prebble 1933).

. )

simplex larval instars

LOCALITY

INSTAR

2

-

3

4 |

Newfoundland

New Brunswick

Me_an (%sSD)

Number of larvae measured

Mean (+5D)

Number of larvae

measured

-

0.48 %

{17

0.41 % 0.027

19

0.04°

4}

0.67 £'0.028

93

0.56 + 0.003

.~ 38

142

36

0.88 + 0.049

»

0.76 £ 0.038

1.13  0.041
140
0.99 £ 0.036

€6

LY

i

C .
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q\yand thorax. Upon emergence adults vere 11ght yéllow 1n color'
and the cuticle was soft. These callow adults rema1ned in -"
- the pupal chambers for two to three days unt1l fhe cutlcle '

hardened and qurned a light brown color. They then extended

the larval feed1ng gallerles at a'rate of less than 5 mm per -
day.’ After se\en to*e1ght days adult cut1cle had turned
black with redd1sh elytra. Exam1nat1on of 14 brood adults at

th1s time 1nd1cated that they had poorly developeqbflxght
muscles 1ncapab1e of su5ta1n1ng flught. \ ",;‘f”i’/‘ _ '
.\\ . " * . ’ ’ 'A\“~ ' ) . g
\ Sexual d1morph1sm of adult body 51ze was ev1dent.« -

v

Pronotal w1dth was used as an index of body S1ze. Pronotal'

~

widths of gﬂles avegaged 1.8 mm (sp= 0.13, N- 244) and were .

s1gn1fxcant1y smaller than those of- females which averaged

1.9 mm (SD= 0.12, N= 198).

~ A - R

1984. The tv broods vere produced in d1fferent trees. Erpod

adults overw;n

'"spr1ng.\No 1mmature instars overw1ntered Durat1on of third
and fourth larval 1nstars and pupae in Brood II was much

longer than in Brood 1 (Fzg. 19).

</- . The mean developmental times of D s!mplex instars
: ~"
reared 1n bark sandwzch chambers generally decreaséd w1th

1ncrease 1n temperature (Table 11). The greatest dlfference'

was between ‘12 °C and 18 °C. Developmental tlmes of the. eqg

a—

and fzrst and second larval instars of Brood I in field r

< -
a

———
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' Figure 19, Seasonal life histgry of Dendroctonus )
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"ADULT EMERGENCE FROM
OVERWINTERING TREES

FALL 1982 - SPRING 1983

»

t $ } { i }
Y= C e MAY 23 - JULY 17-
L. - \ JUNE 12 - JULY 17
2 LARVA 1: _A_ . :
: ﬁ‘. , - JUNE 22°- JULY 27 -
@ ‘-LAan 2 A_ - 7
N a JULY 2 -AUG. 1 -
Q LARVA 3 - _ |
- O . R JULY 7 - AUG. 21 .
. L P ) N . " LI ) L o
O LARvVA 4 L_ ' R -
E v a e JULY 17 - AUG.31
PUPA
JULY. 22 - SPRING 1084
ADULT .— '
— i =
SR o B JULY 12~ AUG. 31
{‘ EQG . _ ‘ k ’ . )
= ' A S ‘ R JULY 22 - AUG. 31
| ) | @ . LARVA 1 | — o |
CL LI.ILJl ' S . JULY 27 - SEPT. 15
o - LARVA 2 | om——
. - ’ . ~ AUG. 1 “’Qnrly NOV.
— LARVA S ' -“.___. |
.8 S ‘ o AUQ. 6 - early NOV.
. ~
O . LARVA 4 - A 2
@ . AvG. 21 - mly NOV.
m S <
o PUPA ’ . ~ A-—_
p . 8EPT. 16 - BPRING 1984
’ ADULT ’ .
' e ———t—
APRIL MAY JUNE/," "JULY  AUG. SEPT. OCT. NOV.: DETC.
S 'J . . . I ‘ .
C € = o R |
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Table 11. ‘Mean (I standardZ8eviation) deve
three temperatutes in the_labofatory-and're

- rearing temperature (X).

rd

lopméntal time ‘of edch Dendroctonds simpldx instar at
: .

gression of developmental time (Y) .of each instar on’

. © - B

t

DEVELOPMENTAL TIME (days) £sD . (n)

REGRESSION EQUATION

INSTAR _ : _ v | g2
.12 °¢ 18 % 24 ¢ o

Egq l%.B + 5.0‘](hp) 9.9+ 0.5 (o) 6.9 + 1.0 (26)|| 106] 69.0| ¥=32.3 - 113X
tarva I [ 10.7 + 2.8, (16)| 4.2 £ 1.0 (20) 3.6 ¢ 9.5, (29) _65' 62.9| v= 16.0 - 0.546%
Larva 1T | 8.6.%1.2 (18)] 3.9 + 0.8 - (18)].4.2 iﬁb;é (21) 57‘V58;47 Y= 12.0 - 0.354X
Larva 177 |13.4 £ 1.6 (17§| 4.3 £ 0.6 (15)] 6.7 + 1.4 (123‘, 44| 48.3| v=10.1 - o.613x |
Larva IV, | 17.3 # 2.3' (11)[11.0 + 0.7 (13) 11.2 £ 2.2 (14)|| 38| '48.1.[, ¥= 21.8 - 0.482x E

| Pupa 1301 1.7 (2)] 8.5 £ 0.5 (18] 6.7 + 0.7 (16) ::/ga,fssrgg’ v= 10.2 - 0,554x
Life . 79.7 £ 3.3 ‘(13)_4%.9 t 1.6 '(14) 39.2 £ 3.0 (16) 4 ‘43 '77L; y= M3 - 3.28% -
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‘popuiations (Table 12) were similar to developmental times

of the same instars at 12 °C in the labonatory (Table 11),

-,

whereas, developmental times of the other instars of Brood I
]

were-approxxmately equaL to developmental times at 18 °cC.

Developmental times of the egg and first three larval

Lo 1nstars “of Brood I1I (Table 12) were close té those of «the
. same 1nstars at - 18 °C in Ehe‘Irhoratory (Table 11), whereas,

-
. the fourth larval instar of Brood I1 had a developmental

>%'_ ‘time’ close to that obta1néd at 12 °c. _ The Brood II pupal
A‘é'developmental t1me was much longer thanlthat at 12 °C. The
-1nstar~“§velopmental tlmes for New Brunswick. field
populati sns (probably first brood) recorded by Prebble.
(19 3) (Table 12) were comparable to those obtained at 18 °C

-

in Qhe laboratory (Table 11) . I
_ ) S ' \
Regression-of developmental times of each instar on .
5
rearing temperature yielded r? values not less than 0. 48
. 7 (Table 11). Hence, the regression equatlons (Table 11) were
T con51dered satzsfactory for ‘'estimating instar developmental

time .from rearing temperature.

o

Average-adr temperature-for the duration.of the egg and
the fxrst and second larval instars in f1eld populat1ons was
' r0ughly the same™ for both broods (Table 12) HoweVer,
average air temperature for the. duratlon of the’third and
fourth larval instars and pupal stage of Brood II was about

6 °C lqget than -for. the -same instars of Brood I.

TN

[~
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TableN 2. * Estimated developmental times* (DT) and mean air ‘

-

f

. . L R ;
‘temperature (MT) for the durétlon‘of .each Dendroctonus simple‘;':kb5

E——
instar in Breod I and Brood.II in Newfoundland field populations

New Brunswlck in 1929** (Prebble 1933)

.1n 1983 and meaﬁ‘HeveIopmental t1mes for fleld populatlons in

~ NEWFOUNDLAND N BRONSAICR
INSTAR T BROOD I TBROOD 1T - -

R (d§y5) MT (©c) | DT (%ays) MT (°C) DT (days)
Eqgg 20 12.0 io '15.1_ 11
Larva I v 10 \\14;0 ]5 14.5 5
Latva II 10 15.7 '5 13.8 6
‘Larva III: 5 16.3 5 10.0 6
Larva IV 10 16.2 15 9.9 10
Pupa ‘5 14,7 30 . 8.8 7

. Life 60 -13.2 70 [ na 5

instars

** likely first brodd,

" * interval between the date of the fir

rst appearance of succeeding

o
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The development index for D..simplex brood at each

sample height in Brood 1 trees was generally constant, at

‘1.0, from 23 Ma§ to 22 June but then increased rapidly until’
""brood development was complete at all three sample he1ghts-
‘on § September (Fig. 20) At each sampl1ng date the brood

,”development index was similar for the lower two sample

hezghts of 0 to'1 m and 2 5 to 3.5 m. However, brood

_devalopment at 5 to 6 m generally 'lagged behlnd tha! at the

fother sample he1ghts and was not completed untll 15,days

after completlon of development at. the other two heights

$P1g. 20).

o

The development index féY brood in each Brood I sample
- ' L

tree (all heights combined) wag.oonstant, et 1.0, from 23

”‘May to. 22 June but increased rap1d1y until completxon of

development on 5 September (Fig.- 21) Brood development in

‘Trée 1 generally lagged behind that in Tree 2 and was not

completed until at least five days after complet;\n\of

devélopment in’ Tree 2 o T e

l

&r

3:1,6 Overwintering behaviour

_ During the winters of 1982/83 and 1983/82 D. simpiex .’
ovetwintered only.in the adult?Stagex Many  larvae and pupae
wereekilleoiby cold as temperatures decreased in Oetober and
éarly November. tive larvae and pupae were absent from field ,

poplilations 'by mid-November in 1983 #hd 1984. It is likely"
| | hd 1 .

_that no parent adults overwintered. Overwintering occurred

- —————_—
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Figure 20. Development index of Den?ﬁoctonus simplex
brood at three sémple h ights of two Brood I

trees in Newfoundlané/field populations from 23

- May to 5 Septemher }983 (n= four 100 cm’ samples

per height per saqﬁle period for all tree’s .
f Y
combined). // ‘ . o
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. . Figure 21. Develbpment index of_DendPOCtonUs simplex-
| brood in gwo Brood 1 samplg/f?ﬁss in Newfoundland -

' ¢
- . field pspulations frqm'es/hay td\nggpﬁember 1983 e

(n= six, 100 cm? samples per tree per«sample' -

1 ]
. . '
. p&r1od for all trees comb1ned) . ..
“a . < " ‘ .
o . ;G
l - L] 3> v '
® ° 'l A r a N - ’ !
¢ , T = St “- . ¢ . ~ :
L]
. . ° . 4 )
o . 1
v . r —
. . .
- 3 - - , ! o
- ...V . LY N ‘i © .
) » LY I ’ . ~ ’ Al ¢
- -— . o, @
. A } Ll
[N
3 ~ N A
s ~ v [}y 4
~
P . y . ‘
& . ’ .
° s )
-~ ¥ *
. ) ° ;
» 1 L] .
, f
) . .
- . - . !
o ‘ '-
-
. -/ ‘
* . Ll
LI \ i * -
[] : = . ~ B
-~ ; R . o, TR
. . U ? . f
+ b -
' - . Ty f ? < ' -
i \ “ - . - — ) e



DEVELOPMENT INDEX: : |

1.0

L}
.

23 28 2 7 12 17 22°27° 2 7 12 17 22 27 -1 6 11 16 21 26 31 5

 MAY. JUNE . JuLY j“j’5 AUGUST SEPT., &




only in the brood trees. ) -

In 1983 new B:dod I adults emerged from brood trees
between 20 fgggst and 20 October with peak emergence‘féom 10
to 20 Septémﬁer {Fig. 22). An average of 35%<¢8f live brood
adults emerged from the two sample trees. Emergence was 47%,
35% and 24% fepresenting 5.8, 6.3 and 2.4 beetles per 100
cm’:at 0.5 m, 2.5 m and 5 m,;respectively. The density of
live’beétles tﬁﬁffaad‘ﬁot emerge was 6.6, 12.9 and 7.4 per
100 em? ﬁorithe three Eegpecﬁive saﬁpfzageightg. No Brood If‘
‘adults emergéd. Emé%bgd,beetles possessed pooriy developed
flight.mgscles and ‘were judged dnéapable of flight. Some :
N  émg:ged_beetles walkea along thé’bark'surface in a'ggneﬁal
| downward direéfion and Oth%rs fell t§ the ground at the base
. -of the trees. No bgetles weée Qbserv;a to enter ga{}eg}gs at
the bases of trees. ﬁeeties were absent in duff samples
cpl;écted on 3 December near the bases of the two sample
trees. ' ) o : - .
Galleries in tﬁe lower ‘25 to 30 cm of the boles and in ;| .
large roots were“exqﬁined on 3 Decemﬁgr and many held‘ia:ge \Q<-~
.aégrégétiopsgof'b;ood ﬁdults (Fig. 23). Adult density at
" three sample heights within——t' m of the gfﬁuhd‘deareased with
inqréaéed ﬁeigh; and was almostithree'times higher at 0 to
20 cm than at BO'to 100 cm (Table 13).'Bee£Ie density was ‘
significantly diffé:eht between the three sample h!‘ghts. It

is not known if Brood I adults emerged from all infested

.trees at the study site to congregate in galleries at the -

e " .'a ) L.
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Figure 22. Total number of new brood adults emerged

from two Brood I trees in Newfoundland field

populations of Dendroctonus simplex from 20

August to 20 October 1983.
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Table 13. Mean (% standard deviation) density of‘éverwintering_Dendroctonus simplex

adults at three sample heights of five larch trees in Newfoundland field populations

on 3 December 1983 (n= 2 samples -per height per tr‘ee); :

%

~ S

. R . ‘. . + -
SAMPLE |, .MEAN BEETLE DENSITY PEB 100 cm (ZSD) E

HEIGHT (em) { ‘rppp 3 TREE 2 -| TREE 3 TREE 4

~’ Ry

TREE 5 AVERAGE

p—

0-20 {34.5+14.8|23.0+ 4.2(26.0% 7.1(32:5%5.0(28.02%.2.8][28.8% 7.4

"+ 40 - €0 20.5 + 9.2|19.5 + 2.1|23.5 + 5.0 15.5 + 2.1 is.o + 0.0(18.8 + 4.9 |

i+

.

80 - 100 |10.0 + 2.8|15:5 % 5.0 11.5 + 6.4 | 10.0 # 1;4.4’8;5‘1 2.1 [11.1 % 3.9

L6
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3.2 MORTALITY

3.2.1 Brood mortality . */
There was high mortality among D simplex brood in_
'Newfoundland field populations ‘in 1983 caused by several
fagents. Instar spec1f1c mortal1ty angd the proport1on of
morta11ty dUe to each causal agent generally varied between‘

1nstars, between he1ghts of trees, between trees -and between

- frrst and second broods.

Egg, larval and pupal mortality

In field populations third and fourth larval inetars.
had the highesb mortality and tbe pupal instar the lowest
(Table 14). Average mortalitylof Brood.l larvae increased
sharply as percent composition of brood in samples by ‘third

and fourth larval iqstars.inoréhsed.(Fig.‘Zi).

.\
—

There were s1gn1f1cant d1f£erences in- morta11ty between
sample he1ghts of Brood 1 trees for th1rd and fourth 1arva1
1nstars (Appendix G) with mortal1ty at 0 to't m _ -
S1gn1£1cant1y lower tham. at' the other he1ghts (Table 14).
Mortality of the other 1nstars did not dszer sxgn1f1cantly
ibetween ‘Ssample he1ghts. Mortal1ty of third and fourth larval

'1nstars and pupae in field populat1ons dxffered
A

sxgn1f1cantly between the two Brood I §ample trees. (Appendlx

H)'w;;h highest mortal;ty occurring ‘in Tree 23 There were no.

—_
ot Y _

. b
e « - V ~



Table 14. Estimated instar specific'ﬁéfgaliti for each sample height of Brood I

b

and Brood II trees in Newfoundland field populations-of i)endroc‘tonus simplex in

1983 and for broods in caged larch bolts.

1

I

- -«

I
3

1

PERCENT MORTALITY (NUMBER OF 100 cm? SAMPLES)

BROOD | SAMPLE,
. HEIGHT (m) EGG LARVA I LARVA II | LARVA IITI | LARVA 1. PUPA
- T 17
1| o-1 8.8 (33) | 9.4 (29) | 8.2 (24) | 9.6 (18) [19.6 (12) |6.5 (12)
1 . .
" 2.5-3.5 | 8.8 (31) 9.4 (27) | 8,5 (24) | 17.3 (21) | 33.0 (12) | 7.6 (12) .
’ 56 g5 (32) | 9.0 (27),| 8.8 (24) 19.7'«(15)/ 37.5 (12) | 9.5 (12)
w | average | 8.7 (96) | 9.3 (83) | 8.5 (72) | 14.8'(54) | 29.2 (36) [ 7.6 (36)
I | 0-2" |14.9 (35)| 9.3 (16) | 7.9 (15) | 10.2 (11) |33.3- (9)-|6.4 (10)
Bolts | — 5.0 (21) [ 1.8 (21) [ 0.9 (21) | 0.7:(21) |. 0.5 (21) | 0.1 (21)

- 66
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Figure 24, Average mortality of ‘Dendroctonus simplex
N - . - 5 . Y )
! brdod in 100 cm?® phloem samples and average

T ‘ pe;cent.combositibn of brood by.third and fourth

. ) . v s £
instar larvae. in Brood 1 sample trees in "

Newfoundland field populatfcns from 23 May to 11 -

~ August 1983,
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significant differences for the other instars, Oﬁlf egg

-mortality differed significantly between Brood I and Brood

11 (Appendix 1) with egg hottality iﬁ Brood I, at B.7%,
lower than that in’'Brood II, at 14.9% (Table 14). Broods
reared in caged larch bolts had significantly lower
morx?lity for all'instars than did Brood I in field

populations (Table 14), .

(Est imates of'totai‘mortaiity from egg to aduit

calculated by d1V1d1ng average’ den51ty of brood adults 1n

trees before’ emergence for h1bernat1on in the fall by
average. densxty of eggs lald by parents, vere con51stent§y
higher than est1mates calculated by mult1p1y1ng percent
mortal1ty 1n4each instar - (Tdable 14) by proport1on of
orfg1na1 number of Qdults that lived to reach that instar '
and summing for ali instars (Table 15). Total brood -
mortality'gt 0 to 1 m was lower by about 15 to 20 percent
units thaﬁ at 2.5 to 3.5 m and 5 to 6 m. Total mortality for

Btood 1 and Brood I1T fiéld_populations was similar, however,

mortality was auch iowef_gor broods,prOQOCed in caged larch

bolts. C ‘ .""

Causal agents , /

Morta11ty due to pathogens, predators, hymenopterous
para51to1ds, res1n051s and low temperatures were
recogn1zab1e in -field populatlons. Pathogens caused the
largest recogn1zable proport1on of mortal1ty among eggs, the

second larval instar and pupae of both broods (Table 16) ..
e ' »

. e ——



Table 15. Total mortality from egg to adult for ‘each sample height of Brood I and Brood II

sample trees in Newfoundland field‘populations of Dendroctonus simplex-and for broods in

caged larch bolts.

" * ) t

i ; - AVERAGE NUMBER / 100, cm
so00| M e AR R | LG OF SMBLES) | omaie:
| 1 j1z | riz | v TOTAL*|| | EGG? ADULTS 1§§“§§&
1 | 0-1 8.8| 8.6 |'6.8 | 7.3 |13.4 |3.6 | 48.5 ” ‘{"57. (36) | 20 (9) &‘)5':%5
" [2.5-3.5]8.8| 8.6 |7.0[13.1 |20.6 |3.2 | 61.3]| 58 (36) 11 (10) 81
Tw .5 - © :8-5 8.2. 7.3 _15‘.0 22.9 |3.6 €5.5 56 .(36)‘ ' 8 (13) 86
* | verage |l8.7[8.5470 |11.2 |19 [2.9 | 57.2 | 57 (108) | 12 (32) 79
IT 0 ;:%_ 14.9f 7.9 | 6.1 |'7.3 |21.2 |2.7 | 60.1 22 (s0) | 4 (4%" 82
Bolts| —- [5.0[L7 08|07 05 01| s8] — | — .| —

——
b

* Estimated by multiplying instar specific mortalit (Table 14) by the proportion of the
or:igihal number of individuals that. lived to r:gach at instar and summning for all instars

#+ Estimated b& dividing average brood adult density in brood treés before winter emergencé by

average density of eggs laid by' parents

€071



.Table 16.

.
o N ——— ’

k]

«
i)

Percent of total mortallty within each instar attributable to each causal agent for i

Brood I a.nd Brood II in Newfoundland field populations of Deudroctonus .s:.mplex in 1983.

BROOD I BROOD II, "
mstar  |wompeg|PERCENT OF TOTAL MORTALITY. . cor  (hommer PERCENT OF TOTAL MORTALITY' IPERCENT
. 'DEAD . = SURVIVORS||DEAD " . [SURVIVORS
e PT [BR| B | R [T| U [ PT "|PR AR ER LU
Eqg aax 2230« | — | * |—|77.7| o1.3 70 |15.7f—|— | * | — |sa.3| 752
Larva.l |[§ 241 [22.0(3.3] 7.1|28.6]--139.0] 90.7 47 |21.3 | [.— 40.4| —. [38.3] 90.7
. . ’ ‘ o ) ) ) .
Larva II | 149-{18.8|4.0{20.1|10.1}—[46.9] 91.5 32 |33 )| — h8.8f12.5 37.4 92.1
arv - | 3 A
Larva III| 379 [13.5|1.6)67.8| — |—[17.7] g§5.2. || 19 |25.0{-=|40.0| —--[15.0]20.0 89.8
farva IV | 503. 9.7/|0.8|72.4| — |[—|17.1 .8/ 52 | 5.8|—|7.7)-— [59.6|26.9| 66.7
Pupa - 67 |49.3[3.0] — | — |—[47.7] 92.4. 3 |6757|=| — [~ | — |33.3]| "o3.6
< o i . - . . i ,"‘;
Weighted | an 1 ] , " N
-§ Average - 1754 YlB.O- 1.% 3h8.Q 4?9 - 37.8 42.8 223 18?.3 - 5.4 11:2 17.0{48.1| 39.9

PT - pathogens;. PR - predators;H - hymenopteious parasitoids: R - re51n051s,

U - unknown causes; * — could” not be recognized and included in unknown causes. -
- ) . -

e

-

- low temperatures'

POT



'sample trees. '

Hymenopterous p‘arasitoi—dsu. gene.rally"caused the larges‘t
proport1on of mortalxty amond t‘nlrd and fourth larva‘l
instars and re51n031s among first 1nstar larvae. Mortahty
of %®qgs due to resinosis vag not recogmzable but was 11lfe1y

s1gn1f1cant. Low temperatures cau‘sed the most mortahty

. among fourth instar larvae of Btood: I (Table- 16).,

'Para51to1ds and pathogens caused the largest recognlzable

[ .
proportlon of mortallty in Brood I and’ Brood 11, S

respectlvely (Fig. 25) Mortallty due to resmos1s 1n Brood

11 was tw1ce that for Brood I and mortallty due ‘to B
h ‘

"para51t01ds in Brood 11 -was only one-sixth of that for Brood \

1. Low. temperatures caused 14% mortahty in Brood II but
L) '?

nane in Brood I. Parasitoids caused the largest recogmzable .

o=

proportlon of mortal1ty at each sample helght of Brood 1
trees but their effect was twice as h1gh at 2.5 to 3.5m anq'
5 to 6 m thanjat 0 to 1' & (Fig. 26). Mortality caused by-the

other agents 75 similar for all sample Heights. Parasi'toids

also caused t e largest recogmzable proportmn of rnortal;ty-

in each of the two Brood I sample trees (all sample helghts

comb:.ned) but was higher in Tree 2 than in 'I‘ree 1 (F1g. 27).

e

Mortahty caused by the other agents wc}xs smular between

i / ' o oo . o
Brood adult mortality _ ..

Mo"r:tali‘ty among teneral brood adults in' Brood I tr‘ees' o

LY

before winter' was 6. 1% (N= 51 dead beetles) and 8.7% (N= 2

dead beetles) in Br00d Il trees, Most qf this mortality

&
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Figqure

° ‘ >
26. Percent mortality attributable to eééh_i
causal agent at three heights of Brood I
trees for Newfoundland:field populations
Dendr'oc-tonu;s simplex in 1983. .

L »
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Figure 27,

-

Percent ﬁdrtality attributable to each

causal agent in two Brood I sample trees for

/

Newfoundland field populations of Dendroctonus

simplex in .1983. . L

e
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appeared to be causéanby pathogens. There was no 51gn1f1cant
difference in brood adult mortality between Brood I and

Brood I1, between samplé heights of Brood I trees or between

the two Brood 1 sample trees. No teneral adult mortality was

observed among broods prgduced in caged larch bolts, ,

Brood adult mortali;y caused by woodpecker predation
varied between years and trees. During the winter of -1982/83
- .

there was very little woodpecker predation at the study

site._Hdwever,‘during the:1983/84‘win£et*woodpecker‘"

“'-predation“waé”higher and all 13 trees containing brood

adults: at. the study site were fora;éﬂ ‘upon by woodpéckefs,

from 1 m above ground level ‘to the tbp of the 1nfested bole.

—

From less than 1% €o approx1mate1y 10%, with an estimated .
avera of 3%, of the bark surface of infested bole of each

tree was removed by woodpecker foraging. As much as 60% to

80% of the bark on some trees can be rqmoved}by woodpeckers

" (Raske 1984 - persdonal communication).

- . »

-—

Mortality caused by low temperature is discussed in a

separate section.

4 . . —

3.2.2 Overwintering mortality and cold tolerance
— H

Overwintering mortality

‘Increase in mortality of overwintering adults between.
the two sampling dates, 19 November 1982 and 21 April 1983,

was assumed to be overwinfering'mortality. There was an

overall increase in mortality between the two sampling

s I em
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dates, however, only two of four sample trees showed a

A

significant increase (Table 17). Overwintering mortality

averaged 7.8% for all sample trees. Adult mortality at 0.5 m

and 2.5 m increased significantly betweeﬁ'sambling dates but -

Qid not aE.S m (Table 17): There was a significant incifease
in .mortality among beetles that overwintered at the northern

. ‘ {
aspect of trees as opposed to the southern aspect where

ta

there was no 51gn1f1cant increase (Table 17).

. L i et
oo . ’ . .f - s B

Snow level was never hzgher than 30 cm around the bases

)

. of sample trees dur1ng the wxnte;s of 1982/83 and 1983/84,

respectxvely.

Cold tolerance

i . . ]

/
;.

Adult D. simbiex_collected from field populations on 6

‘October 1983, 1 November 1983 and 2 January 1984 and stored.

at selected -temperatures for vamious lengths of time
generally showed an'increase in mortality at each
tempefature'as-treaément duration increased (Table 18).
Mortality among beetles collected.from field'ponulatidns on
6 October and 11 November. generally showed'the greatest
increase during the f1rst two days of treatment at each
temperature. As treatment duratlon increased beyond two days
‘mortality :ate gradually decreaSed. Mortality was lowest at
0 °C and was 1ncreas1ngly hlgnsr at 5 °C, -5 °C, -10 °C —js
°C and -20 °C, respectively. Mortalxty among beetles
collected from f1eld populations on 11 Noyember was

generally lower at each temperature and treatment duration

s

N\

L
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Table 17. Mortality among overwintering Dendrqctonus simplex. adults in Newfoundland field populations in

fall 1982 and spring 1983 by sample tree, height and tree a‘spect. \’ o ‘ \
SAMELE | SAMPLE mﬂg%; 19 NOVE‘.MJ:ER 1982 21 APRIL 1083 [ oo .
TREE | HEIGHT (m) | ASPECT{ NO. 100 cm2 | PERCENT | NO. 100 cm2| PERCENT | MORTALITY** F-RATIO
SAMPLES | MORTALITY | SAMPLES | MORTALITY [ (%)
1 All an 6 1.3 6 | 1200 | 10.7 8.19*
2 " " 6 1.7 6 | 143 J_ 2.6 0.02
3 | . " 6 2.8 - 13.2 0.4 11.75%
a " " 6 1.5 6 O 8.5 - 7.0 2.26
\ S
Average / Total 24 1 a6 24, | 12.4 7.8 9.09*
A1l 0.5 ALl - 8 4.6 8 142 9.6 7.17%
" 2.5 . 8 3.2 8 | 12.6 9.4' 4.80*
" 5.0 L 8 6.2 8 " a8 2.6 | 0.12
" All "North 12 4.3 12 ' 15.0 10.7 .| 7.32*
" S SOut#\ 12 a9 | 12 | K 9.9 . 5.0 2.51

* gignificant at p<.05
** djifference: in mortality between the two sampling dates
f C s kS

s
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Table 18. Percent mortality of Dendroctonus simplex adults

115

p—_e

at various temperature and duration treatments (n= 50 beetles

Aer sample).

PERCENT MORTALITY AT EACH

DATE BEETLES TREATMENT TREATMENT DURATION (days)
' COLLECTED FROM | TEMPERATURE ) 3
‘ _FIELD ©cy | 2| 4] 8] 26([32] 64
~ 5 2 ol w| .8|10 | 30
o. =0 | o| 6| 6|22]18
. -5 , | 32 | 36| 44| 26|52 | 50"
6 October 1983 ' ' |
-10 58 | 30 | 46|48 |72 |100
-15 100 {100 | 100|100 | = | —
' -20 100 |100 |100 | — |-~ | —-
5 of| of 2| 14|12 28
o o| ol ol 6|10 4
Y £ 20| 28| 30|32 | 22
11 November 1983
10 30| 34| s0f 48|40 | 68
! -15 62 | 68| 70100 |- | -~
-20 84 [100 [100| — |- | —-
5 o| ol ol 2|10/ 10
0 o| o|l"2| 2| 2| s
- -5 o| 2| 2 ol 4| s
2 January 1984 :
: -10 o| o] o]l 2] a4l 6
-15 o| o] o] 2}12| 10
) =20 o 2| o] 4} 8] 10
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: _ A
than for beetles collected on 6 October and mortality among

beetles collected on 2 Januany was even lower.,

Percent mortality of D. simpJex adults at -15 °C and
~-20 °C generally differed between acclimated and

non-acclzmated beetles for each treatment duratlon (Table

19). It took much longer for mortality to reach 100% among

PP

acclimated beetles than among'non-acclzmated ones. -

Pronotal wzdth/“as used as an—1ndex of beetle size. For -
=

each treatment duratlon “at -5 °C and —10 °C average s;ze of
living beetles was larger than that of dead beetles. The

difference was szgn1f1cant for only one treatment duratlon
at -5 °C but for four treatment duratione at -10 °C (Table

2Q). However, average size of living beetles for all

_treatment dutations combined at each temperature and for the

N
grand average of both temperature treatments combined," was

significantly larger -than that of beetles killed by the

treatments (Table 20).
;
. Percent mortality among males was higheTr than among

‘females for most treatments (Table 20). Male mortality was

only three percentage'units higher than female mortality for
all samples stored in -5 °C combined; whereas, male

mortality was 15 pe}centage units higher than female

‘mortality in all samples stored at -10 °C combined.

. Sex and beetle size- appear to be related to mortallty.

Females tend to be larger ‘and more f?kely to 5urv1ve.

. - .
e N
-
.
* .
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Table 19. Percent mortality of acclimated and non-acclimated 7

Dendroctonus simplex adults at two eold temperature treatments for

various treatment,durations (n= 50 beetles per sample). Beetles

. were collected from the field on 6 October 1983.7 | - '

-

—

TREATMENT | TREATMENT . PERCENT MORTALITY
TEMPERMTURE | DURRTION | ACCLIYATED* BEETLES | NON-ACCLIMATED BEETLES
(e . (day3) ) ' ‘ :
B ‘. {
2 ‘. 28 . 100 |
N a 76, 160-
=15 . . )
8 92 100
1 S
16 100 . 100
2 o 14 * 100
-2 4 B, | 100
. : ) ._
8 100 100

.

4 .
* Acclimation was accomplished by decreasing the storage temperature

‘of the beetles from 5 o'C to the desired treatment temperature by

intervals of 5 ©C every 2 days.

-
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» Table 20. Average preonotal width of liveé and dead adult

*118

‘dDendroctonus simplex and percent mortality among  males and females

1

for each treatment Quration at -5 ©C and -10 ©C (n= 50 beetles per

sample). Beetles were collected on 11 November 1983:

. -
\ TEMPERATURE | TREATMENT AV?SA rcrﬁ ?Sg?ﬁrémggﬂ PERCENT MQRTALI@Y T
/)Taz?gggm DL(ISQ';;‘)’“ " LIVE i ” MALES. | FEMALES - |
- ) 2| ner (3975 () [z | 2087 \
4 1.79 (35} 1.76 (15) | ~28.6 | %.a .
- 8 1.82 (36) 179 (14) | 3z2.0° | 24.0 o
) = 16 1.82 *(35) [1.77 - (15) |. 42.3 292
32 1.80 (34) 1.76 (16) | 36.4 28.6
64 1.81 (399 1.76 (11) 20.0- 25.0
Average 1.81*(218) [1.77 (82) 30,0 27.3 ”
2 - 1.88 (35 |1.84 (15)| 39.3 18.2
' 4 i.s§ x(33) 178 (17)| 33.3 30.4
8 1.87 *(25) |1.80 _I(25) a3.5" 48.1
16 1.85’35;;6) 1:78 (24)| 5p.0 40.0 .
32 - 1.83 (30)[1.79 (20)| 46.4 |- 3l.8 ,
64 1\?7_ *(16) [1.79 (34) | 8l.2° | 44.4
. Average 1.86%4165) [1.79. (135).]" 50.6 35.9
Grand Average 1.3 | 178 40.3 f 3l.6

* pronotal widths of live
’ -

than those of dead.

individuals significantly (p<.05)
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3.3 ASSOCIATED ORGANISMS - . \7

o

Fifty-two species of insects, spifders, mites anél

nematodes were associajed with D. ' simplex in eastern

Kfewfoundland in 1983, of which as maoy.as.nineteen may have‘ o % =
been predators and as many as eight rﬁ'ay have bebn: -
parésircids (Table 21): Most ;} the_reﬁainder were -— .

" oompetitors,‘spdvengers or fuﬁgus feeders, ".3"?:' .
3.3.1 Predators, ' N . N 4 )

~ The spec17s observed to prey upon D s:mpiex were the
beetle Rhlzophagus SP. , larvae of a fly species of Medeter-a
- and larvae of ‘a strat1omy1d fly specxes. The most common’
predator was Médetera sp.'. In 1982 Medetera larvae .and’
pupae overwlptered ifh the- same trees as D. simplex, emerged ,
as adults between 10 and ZO.June'1983 and arr1ved at trees
¢ containing D. éimpiex‘brobd by 12 June. Stfatio?yid7ahd

‘Medetera larvae were observed Eo prey on D. simblex larvae.<'

[

from 27 June to 21-August and overw1ntered in trees w1th

4 B ‘
‘ ‘ the1r hosts. No strat1omy1d -adults were observed

Stratiomyid and"MédetePa larvae were observed to feed upon

"r

dead D. slmplex la;vae and adults in the spring. fAdult

Rhizophagus were found in galleries p_rey.mg on D. sImplex g
C L : ~,
’ +arvae and pupae from 17 June to 11 August. Adults ‘were-also

collected froxﬁ D. s!mpfex infested trees during the winter. ' .

<

N ..No larvae were observed. Predators vere not found in D..

Simplex galleries in qrood 11 trees. o ’ _ T

- . . PN . . N’

-~
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Table 21. Assogxates of Dendroctonus sxmplex" in eastern Newfoundland.

C - competitor' PR -~ predator- P - paraSJ.toid"S - scavergers: '. L
v — -
F - fungus feeder A - adults- L - larvae' J « juveniles; E - éggs;
H . "
ll - hyperparas1t01d e ]
. ' ’ " NUMBER PROBABLE
: . CSPFiIES L. . . COLLECTED ROLE - \//
L. - ’ COLEOPTERA . - ‘-' : . i ’ Co. \* ' o .
Cerambycidae e b PR o SR
oo st:.c:toleptura canadens;.s {Ol:.v.) . ., 25L ¢ - C, PR* Ve
Lo AR o . e ' R
Gurcul:.om.dae A R . Wt e
Hylobius pinicola cQup. SR ol 2 AL B A
' . . LI .;' . .-0‘ N ) [ » L s 1
. Hlsteridae- e B - : o \ S
" - " Paromalus blstra.atus Er:. - 2A ‘PR -,
) . . ' . , e . . . "!.' o B
v Lathriduda'e S T ) ' . e
Cort:.cana sp. . - . 4A. YT R . A
Nitldulldae T - ‘ B L
Epuraea fruncatella Mann. T 50+ A: 500+ L F
Pt:.lJ.dae sp- ‘ C e A : F
p— Yot ." ) : L "
Rh:.zophag:.dae s ; R, ) - *
: E‘lh:.zoghagus P - e - 1l0aA PR
Scolytidae ‘! e . ' . ) I
Crypturgus pusxllus (Gyll ) : 1A o .
Drygedétes autographus (Rat:z.) 1A . C
Polygraphus rufipennis (Kby ) . . 2 A c . o
Scymaem.dae ‘ , ’ ’ g '
_Stemchnus‘ SP.. . - ‘1A s ™ A

. Staphylinidae Co. o . .

Aleocharinae 3 spp. o 500+ A PR,

o Atheta sp. T T S 1A PR -
Atrechus macrocephalus (Nordm. ) ot . 5A . PR
‘Carphacisg- nepigonensis (Bernh.) . 3Aa,; “PR .. ‘

~'Nudobius cephalus (say) - - @ . 9na PR~
Phloeonomua pusillus Grav. - 50+ A 'BR )‘ S
+  Placusa sp. o T S 42 PR -
. e e o —_— ' Lot S
) — . " ’ a ".A‘; "
. , ~ \
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Table 21 cont'd
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Quedius laevigatus Gyll.

-Siagonium americanum Melsh.

‘§L,Eunctatum LeCi—

DIPTERA

»-

Cecidomyiidae

. Aprionus asemus Pritchard

' Dolichopodidae

L

‘Medetera’ sp.
e

" Lonchaeidae

N -
Scatopsidae

-« lonchaea maniola McAlpine ?

<

Rhexoza sp.-

Sciaridae

Chaetosciara sp.

Scatosciaéé sp.

Stratiomyldae

Pachygastrinae sp.

Xylophagidae

-Xylophagys abdomlnalis Lw.

HEMIPTERA

\\ Anthocoridae

Tetraphleps uniformis Parshley

.T. canadensis Provancher
So s

.

HYMENOPTERA

Braconidae

Spathius.canadensis Ashmead

Diaprlidae

Ichneumonidae '

Coptera atricornis Ashmead

Gelis sp. ;o

4 A;

A PR
PR

A PR

A CF

:

300+ L.L. '1‘/5-

A . PR.

A F
A
A

300+ L » - PR

¢

1A PR

4 A " PR

1A PR_'
18 A; 100+ L = P -
4n P
1A H

-

o
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Table 21 cont'd > . -
Pteromaljidae '

. Chlorocytus sp. laAa Ppor H
Dibrachys sp. 1A P or H
Lamprotatus sp. 5A Por H
Rhopalicus tutela (Walker) _ 20 A; 100+ L P
Xiphydriophagus meyerinckii (Ratz.) 8 A P or H

Torymidae ' .
Liodontomerus sp. 1A P or H
Roptrocerus xylophagorum (Ratz.) 7 A: 500+ L P .
‘ . ' i ..\
Clubionidae '
CIUbiona canadénsis Emerton 43
Erigonidae o,
Grammonota Sp. 233
SlSlCOttus montanus (Emerton) 1A
8. montr.genus Bishop and Crosby 2°A
Pocadicnemis pumila (Blackwall) 1a
. . A
) OPILIONES ‘
odiellus pictus (Wood) - 14 J; 26 E ?
ACARI . ~
#  Uropodidae
! ~ Oodinychus sp. soeiata—group 5000+ A ?
Parasitidae - ‘ .
‘Paragamasus sp.’ ) 5000+ A (N
'  J
I ! .
? NEMATODES
- Ceyptaphelenchus sp. many F -

* accldental; ? role unkno -
: _ A P
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The three predator species appeared to be more abundant
in the lower 2 m of tree boles, however, there was little

quantitative data to confirm this.
4

~
r

Other species suspected but not observed to prey on D.
éimplex were larvae of the'élies@Lonchaea maniocla and
Xylobhagus abdominal s, the Bugs Tetraphleps unlfor'mi,é and
T. canadensis, the hister beetle Paromalus bistriatus anli'
the staphylinid beetles. The staphylinids Atheta sp.,
Cahphacls-;nepigongnsis and the three unidentif-i.‘ed
aleocharine species were observed to eat dead insect
material. All .the suspected predatdrs of D. simplex were
collected fro'in beetle galieries except ‘f.or L. manipla and X.
abdominal is adults ‘wiuich vere cdollected from the bark

surface of D. simplex infested trees. Of the staphylinid

——

species — Phleonomus ;silius, ‘Atheta ss., Quedius *
Iae\mtus, Nudobfus cephalus, Placusa sE. and ‘the three
uniaentinf ied aleocharine species overwintered in the same
trees as D.' simplex where they vere lmost abundant in the
lbwer 2 m of infested bole at densities of up to forty to
fiftj} per 100 cm?, mainly.-_.aleocharines, inv some trees. Many
staphylinid larvae were found in D. simplex galleries but

were not identified. #

' 3,3.2 Parasitoids

of the- teri species of H‘ymeno'ptgra only the larvae of

Réptr'ocenus xy lophagorum, Rhopal icus t[/tela and Spathius
i ' .

”,

x4
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‘ canadensis were observed to feed on D. slmplex‘ , R.
xy lophagorum being the 'more abundant. The t'era

- are believed to be either parasitoids of D. simplex (
other msects assocxated with D. slmplex or
hyperparaéxto:.ds. t

A

o Larvae and pupae of‘ the three ‘species‘observed. to .
‘ ‘parasitize D,.- simplex ove_rw.irr!:ered in the ;same trees as
theii’"l&’d'sts- in 1§82-, fesu@ed gle_Qelopment in the 'spiring of
o 1983 and 'en}e;géd ‘between 19 June' and 8 July. Eggs and larvae'
vere obsérved in D. simp]ex larval mi‘ries by 21 June and 27 |
June, respect1ve1y Adult R. xylophagor‘um were observed to
mate on the external surface of trees conta1n1ng D slmplex
brood. Mat.mg of ;he other Hymenoptera spec1es was not
observed. Some R, xylobhagor-um feinales entered larch beetl/@®
. egg galler1es via vent1fat10n or entrance holes, presumably
to owpo?!t while others oviposited through the bark. Only
one egg was laid on or near each host (Fig. 28). Adult R.
..tutela and S. Canadénjs-ls vere not observed in egg galleries
but oviposited throqgf; the fbark. All observed D. siﬁrplex
' larvae,with pa‘;asiAtoid eggs Iva-\id on-or n‘ea:" them were i
imm,ob‘il‘e, apparently éead/gz"ﬁjralyzed. Larvae of the three oy
- known D." .simplex parasitoids were ectopa_\'xiasit'ic (Fig. 28) on
E all D.. simplex larval instars bui:. wire much moré abundant on
| | third and fourth instars. Par;'ssitoid larvae were found in
ail regions of the infested boles of Brood 1 trees but vere
most abimdant in the middlé and upper regions. The 'avergge' :

“number of parasitoid larvae per 100 .cm? of phloem was four,
s ' '
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eight and eight at 0.5 m, 2.5 m and 5 m, respectively.
Densities of up to 28 larvae per 100 cm? were observed. Very

few parasitoids were tound in Brood II trees.

[
—

¥

3.3.3 Competitors

The beetles"- Stfctoleptuna canadens:s, Hylobius

: pfnicoia, Crypturgus pusiilus Dryocoetes autognaphus and

Polygraphus Pufipennis are phloem feeders that may occur in
larch trees and, therefore, p0551b1e competltors with D.
simwiex. However, all of these spec1es, except S.

canadensfs, vere rare in D. simplex 1nfested trees. The

-,

@ scolyt1d.spec1es were all collected in emergence traps

' L]
indicating that they emerged from beneath the bark, however
. : Ny

.oy : . -
no larvae were observed. Larvae of S. canadensis were found

in three trees containing D. simplex brood. They were first

observed on 6 July and remained in trees to overwinter in

. SR
the phloem layer, This species was the most abundant
competitor in 1983 and was likely also an accidental

predator of D. simplex. The two H. pinicola weevils were

. collected from the bark surface_of a tree, containing D.

simplex brood, as they were commencing gallery construction.

3.3.4 Miscellaneous | ‘ -

Of the insects found in D. simplex egg galleries - the

beetles Corticarla sp., Epuraea truncatella, the ptilid and

the flies Apnfonus'ésemus,‘Rhexoza,sp., Chaetosclara sp. and

O



127

Scatosciara sp. were likely fungus feeders. Adults of these

species began arriving at D. simplex infested trees in July.

The scymaenid beetle Stenichnus sp. was likely a scavenger.

The commonest of these species was £. truncatella. This

species entered trees inhdbited by D. simplex in late July

and early Auéust and‘spent the winter, Eggs were laid in the
‘fpring and parent adults emerged:in May and June. It is not .
‘ knqwh if they flew to other tjees. Larvae developed in trees
aftét larch beetle emergence and émerged as aéults in late
July and early August to seek new trees in which to .

overwinter.

No spiders wete found in D. simplex egg galleries
although many juveniles and some egq sacs of Clubiona.
canadensis, and Grammonota sp. and mature adults of

Sisicottus montanus, S. montigenus and Pocadicnemis pumlla

were collected frdm the external bark surface. Eggs‘bf the 1 .

harvestman Odiellus pictus were found in trees with

overwintering D. simplex. Eggs and juveniles were also found

~in egg .galleries in Brood I trees in spring and early"

summer.

o

More than 95% of overwﬁntered D.;g?mplex that emerged
in the spring of 1983 had phoretic mites dttached to their
ventral -surface (Fig. gQ)fAMites were not attached to
beetles in egg galleries but many were observed moving
throughout Fhe gallefies and larvalnminés.'Predétion by

mites on D. simplex was.aot observed. Reemerged beetles did
L o

-—

g

{
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not have mites attached to them. ) .

"Phoretic nematodes of the genus Cryptaphelenchus were
found in clusters beneath the elytra of overwintering and
e'mefged D.‘simplex adults (Fig. 30) but none were found
under" the elytra of"adul‘ts in egg-galleries or reemerged,
adults. Large numbers od,:\these nematodes wete o_bs;erved

moving throughout the: pi}loem.

b
P






4. DISCUSSION

4.1 LIFE HISTORY
4.1,1 Bnvironmental influences on activity and behaviour

Temperature i;s considere’d to be the most impbrtant
"abiotic facton infXuencing bark eeetle activity and ~
behaviour, It has been .shown t; i.nflﬁence the basicl
.c'omponenes of bark beetle life history:- emergence“'(B'o‘rden'-
and Fockler ‘1973: Eray et al. 1972), host attack {(Lucht et
al. 1974), reemergence (Gagne et ai’. 1982), oviposition
(Haack et al. 1984 Wagner et al. 1981) and development

] & . (IR
(Annila 1969). I}ll components of the 1life 'history of D.

simplex in Newfoundland exhibit strong relationships with

1 {

temperature.
]

Spring emergence, £light, host attack and reeliie'éc:;_e_h‘ce
. . ' 'y
Comc1dence of D simplex sprxng emergence peaks with .

periods of high mean dazly air temperature (Fig. 5)
ind‘icates a temperature influehce on emergence, Mofe beetlee
emerging‘from. ‘the sun-exposedssouth side of tree bgles than‘
from the shaded norfh 4ide dufing the hrst part of the
emergence period (Fig,,6) is-evidence that temperature is
important in govérning start of emergence. Before
overwintered beetle‘s en3ergecf their flight muscles increased
in gize to enable flight. Since fat body size did not ,

tecrease before emergence the energy for f11ight muscle

.
. [}

-2

N\

d

Ha
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-development was likely provided by fegdfing.\ Food in the guts
of emerged beetles is evidence of feedmg before emergence.
The sun-exposed south sides of tree boLes have the hxghest
jsubcor tical tempergtures in winter and searly\‘ spring (Powell
1967; Dénks 1978). Therefore, larch beﬁ‘tles bve'rwintering in
the south side likely commenced ’feeding|, Elig}lt'musc'le
development and emergence ear11er than L :

side. Differential emergence with respez\*it to tree aspect has
been. observed for other Dendnoptonus' spépes (Lucht et al.
1974} safranyik énd Jahren 1970') and for' species of l
Trypodendron, {Dyer 1962) and Ips (Gehrk’ia'ﬁ"?a’nd zackariassen

'1977). ! ' . ,

Earlier emergence of females than males (Fig. 5) is

likely noé temperature'related but conforms with the

“ generalization fhat the sex which sélects and attacks host

>

trees emerges first (Stark 1982).

- o . .
It is not known why emergence at 5 m started two to
“four aays later than at the lower heights (E,Lig. 7).

’ S

. Temperature influences on larch beetie flight, host
attack and reemergence.was also evident. At".ack peaks, which
reflect peaks of 'flight, coincided yith peaks in mean daily
air temperature (Fig. 9) and most reemergen}pe peaks anq
declines coincided wnit'h temperature -increaﬂ!es and decreases,

respectively (Fig, 11), -

eetles in the north



-

!

reemergence "between -10:30 and 17:00 hours each day suggests
that these processes are also influenced by temperature on a

. gdiurnal basis since these hours are usually the wadmest of

the day. However, D, sffnplex emergence méy also be .

-

influenced by circadian rhythms as ‘has been reported for
Dendroctonus pon&eros.’éeg HopkinS'(Gray et al. 1972; Watsop
1970). circadian rhythms may .also occur f6r larch be/etle '

4 - . * ‘
flight, host attack and reemergence. .

. L b
A prerequisite for .bark .beetle activity is temperatuxes
above the lower threshold for that activity. Threshold
. ? !
temperatures usually vary between act1v1txe§¢‘\pec1es and

localltles (Annila 1969- Rudxnsky,and {hte 1956) . Lower
,thresh,old temperatures for larch Beetle\hqt1v1t1es could not
be prec1sely determmed gsince only mean da11y azr_ Y .
temperatures weGe obta1ned for these stud.res. Therefdre,
alt)'{ough larch beetle emergence and host attack did not

oqur on days when mean air temperature was 4 °C..or less

(Figs. 5, a the threshold temperatures for these act1v1t1es

-

is likely slxghtly hxgher than. 4 °C because air temperature B

- duriyyg the part of\tl;e day when these act1v1t1es occur is

- generally higher thaf} the mean for the ent:.re day. Emergence

-

"of most Dendr'octonus sp§c1es begins at 7 to 14 °C (Wood
' 1982) ‘Emergence, host attack and reemergence involve the
basic activit‘_ies of walkin§ eimd':unneliné. Therefore, . .
+ threshold temperatures foFJall three .processes'is 11%

about the same..xreshold temperature for flightvis‘likel_y-

-

- : . - |
Occurrence of emergence, attack (and hence flight) and_B
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L

. \ K
" slightly higher. Peaks of host attack, which reflected °

flight peahs,‘occdrred on days whenfmgan—air temperature was-
10 °C or higher (Fig. 9) suggesting that flight threshold
temperature was close to. 10, °C, likely slightly higher.

xHowever,~most larch beetles mai‘not fly unté%*air ’

-temperature is much h1gher than the threshold This has been

reported for several spec1es of Dendrocronus and other -

scolyt:d genera (Amman and Cole 1983 Annila 1969; Rudinsky

.

" and Vite 1956 Wood 1982) Attacks that occurred on days

_when a1r tempergtures were h1gher than the threshold for | N

attack but’ lower than the fl1ght threshold could have been

'1n1t1ated by beetles that Had flown te newqbosts on prevxous

T

days but had.falled to 1n1t1.teaattach§

!

1 ]

» ‘. r »

In margxnal c11mates bark beetle act1v1t1es may be

—

'greatly prolonged because temperature freqqenﬁ&y drops below

A

the threshold Spr1ng cllmatexon the Avalon ﬁenxnsula is -

o

«characterxzed‘by frequent per1ods of ra1n, fog and mean
——" v

daily 8ir temperatures "below 10° °C Warm periods. tend to be’
of short duqatxon and warn sunhy per1ods even. shotter ‘
(Banfield 1983) Th1s marqﬁnal cllmate ‘was reflécted by the
erratlc spr1ng emg;gence ‘of‘Dl simplex wh1ch las:;d-44 days.
Thxs resulted 1n a long fllght per1od and a long attack
per:od of .42 days (F1g. 9). $1m11ar results have been'

reported for Tnypodendnon and Ips emergence, fiight and host

| attack 1n F1nland (Annxla 1969- Annlla et al 1972) The

'\'\

- ‘."'

first D. Sfmplex reemerqenCe per;od whxch occurred in early’

\
sumper, was. only 32 days long likely due to thp highpr and
. Do B

~ . s . -
. . A
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less variable air _temperatures (Fig. 11)..The short duration -
‘of 25 days for each the second attack and second reemergence

periods in m1d-summer (Fig. 8) 'was likely a result of evef®

-

hilgher air temperatures
.
A4 ’;P

The interval between ‘'start of emergence or reemetrgence

- 'ﬁ

and start of the followlng a}tack period is likely related
to temperatdre,~a1though wind speed and the proximity of

qErom the start of spring emergence

L

su1tab1e hosts may also be lmportant he eight day interval

tpjﬁhe first‘attack'may'.

‘be due;to the four days of cold weather ]ust after emergence

began (F1g. 5)- However, the nlqg day 1nterval from _the i

~start of the f1rst reemergence per1od to the start of the
second attack period cannot be explained by 1nclement

weathe5 since air temperatuces were high at the time (Fig.

11). This interval 15\}e1ated to d15persa1 abilities of

reemerged adults which is 1scussed 1n a separate sect1on.
The length of time that beetles spenhd in hosts before .. -
reemergence is dependent Upon egqg gallery construction and';
ov1pos1t10n rates and 1s1 therefore, temperature related
a1nce egg gallery constructlon rate varies greatly with’
temperature (Table 5). Although not investigated,

' oviposition'rate.is.likely also.temperatpre related, as is
the case for other scol}tid species (Amman 1972b; Haack et
al. 1984; Wagner et al. 1981). Although daily:air | |
temperature during first and aecond.brOOd production in 1983
averaged 13 °c ana id.°c;‘re§peethely, this difference vas

P ' -

o T o S
n
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apparently not enpugh to cause a significgnt difference in

-

average -brood production rates between first and second

broods which were 32 and 30 days, respectively.

4

Number of broods per year

— Temperature-appears.to be ndt very important in

1nfluenc1ng the number of Dr*simplex broods produced-per —
year 1n Newfoundland Larch beetle adults may be capable of
producxng more ‘than dne broed per year Lut ;ost may be
prevented‘fpom d01ng so by their 1nab11rty_to fly to new-
-hdsts foliowing'reenergence;beceuse flight‘muscles did not\J
comg}etely regenerafe. A sample size of twelve heetles’in
j983 wes too small to judge‘the proportion of reemerged
adults'capable of flight. quevef, only 17% of 96AreeMerged'

beeties collected in 1984 had fully developed fllght muscles

-

‘ and were Judged capable of\fl1ght. Therefore,, most beetles
would have to ualk to new hosts to establish a second brood
This greatly limits dlspersal of a population after initial

establishment in a location. The dispersal range of p¥lking

‘beetleS'is apparently small since only the two girdled trebs -

closest (2 to 3 m away) to. Brood I trees were attacked by
' reemerged geetles ‘in 1983 even though there we;E four other
.—glrdled and eight to ten non-girdled trees within a 20 m
radius. Also, in.1984 reemerged parents lacklng fully ’
developed flight nuscles attacked only the larch bolts
placed 2 m from first brood trees but not mater1al farther ~

away which was only attacked‘by beetles with £ully developed

Y . T . .
. . P .
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e " . . ) N
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flight muscles. Thus, most reemerged parents are effectively
'equuded from the second attacking population. The ‘
proportion of reemerged beetlés capable of flight is
probably too small to overcome the resistance of énd, hence,
successfully attack standing, uninjured larcqlandﬁmay be

able to establish second broodé'only in standing weakened

t;ebs, fallen trees, stumps and logging slaﬁh. The

_observation that second broods were produced only in girdled

trees and cut bolts in both 1983 -and 1984 and that no
standing, uninjured treesﬂweﬁe attacked, lends support .to A

this theory.

“ Léwko aﬁd Dyer (1974) reported that 82% of ;eémergéd,
Dendroctonus Puffpennié (Kirby) were unable to fly because
their flight muscles were too small. They suggested that
some beefles may have been forced out of their galleries by
resin flow before'they could regenerate new flight musc fes.
ﬁowever, this does not explain lack of complete flidht
muscle regeneration in D. simplex since little resin flow
from larch was.obsefved during the study. Lack of fully
developed flight musc;égﬂﬁn reemerged D. éfmplex has not

14

been reported previousl§.- S

Simpson (1929) reporfed one brood of D, simplex per
year in 1925 and 1926, three in 1927 and two in 1928 in New

Brunswick. However, his studies were done using caged larch

Abolts and beetles so that reemerged adults did rot ‘have to

fly to reach new brFeding material., Swaine (1911) reported

-

——

-

—
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two brood; of D. simplex in one'year (locality unknown) but
the second brood was produced in felled larch lying close to
séumps from which adults were reemerging. Other felled trees
lying slightly farther away were not attacked. This may

suggest that reemerged beetles qid not fly.
« ~ Bfjood development

- | The effect of temﬁerature.on D. simpLex brood -
. -&evelopméht fates is evident from labogatory 4qtu ies‘where
instar developmental time.decreased.with‘increiggg rearing |
temperakure'(Taple-11). Hoﬁever, instar @eQelopménEaI times
vere difficult to meagure for'field populationg. ésfimate;\“
;of instar developmental times for field populatlons,
calculated as the 1nterva1 betWeen dates of f1rst appearance

. 8 ¢ ) /‘M

-of succ.pdang instars in field samples (Table 12), are -
. likely inaccurate because: (1) the interval between samples
,,L£1fE days) was-long and (2) estimdates were basedc?n the.

[

small proportion of the total populatlon that moplted to a

new 1nstq; before the others and may not be'representat1ve
of the entire popﬁiaﬁion.lnowever, there is ev1dence of a
‘temperature influence on" D. simplex development in f1e1d
'Qgpulat;onsies developmental‘t1me of the Ipupal stage in
Brood 'I1 was much lgnger-than for the same instar-in:Brood I
(Table 15) ‘The devélopmental times of the third and fourth
larval 1nsta}§ also may have been longer for Brood 11 but

this was not~evident from the field data for development

(Table lZ),,probably due to the lack of ‘precision of the

. .
.
- + N
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estimation method. However, the duration of these two

instars, as well as pupae, in field populations in 1983 was

much légger for Brood II than for Brood I (Fig. 19). This

implies a slower development rate, likely due to.low

temperature which averaged 6 °C lower for the duration of

these instars in Brood II then in Biood I'(Tablg;12). The

differences in brood development, as measured by a | \ | . 5ﬁ

development- index ' between the two Brood 1 sample trees at

temperature. Tree ,1-was constantly shaded and thefefore, B

subcort1ca1\¢emperatures were likely lower than those of the

““rtin- exposed Tree 2 where D, slmplex development was always

-twice as long as those measured for\New Brunswick .

slightly ahead of that in Tree 1 (Fig. 21), S1m11ar results

have been reported for Ips typographus L: (Annila 1969).

Estimates of instar developﬁental times for Brood I in T
1983 were generally similar to those reported by Prebble

(1933) for New B;dhswick_field populations (likely first

—

brood) in 1929 (Table 12). However, developmental times for
] , .
the egg-and first and second larval instars were almost

B

. . ' @
populations possibly beCause of lower spring temperatures in

Newfoundland., \ '

By influencing'bfﬁod development rate temperature
1nfluences the proportion of a brood that matures. before

winter, Thlﬁ proportzon is 1mportant because only the adult

stage is cold hardy. The number ‘of brood that reachqs ' e

5
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adulthood before start of winter thus directly affects the
size of the attacking population the following spring. Some
D. simplex la™mae were reported to survive winter in caged
A . ‘larch bolts in New Brunswick in 1927 (Simpson 1929) but
these bolts were likely at ground level and covered with an
insulating layer of’snowﬁduring most of the wioter. However,
snd‘rlevels around basés 0of trees on_the Avalon Peninsula
during ﬁost years are usually less thai 50 cm end.fot most

of the winter snow does not cover any of the tree base. 7

-—

There is gené@allj much more snowfall in most other partSIOE

%

.thenrange of D. Simplex wh1ch may insulate ‘larvae in the
lower bole of standing tree; and in stumps and fallen

- material enabl1ng them to better survive the winter.
Nonetheless, several workers repott young adults to be the
o;incipal Overwintering stage in mainland Canada andlthe
northeastern‘United States (Blackman and Stage 1918; Swaine ~—-

1911; Wood 1963).

Voltinism

IS

‘ i

One -larch beetle generatlon wasﬁproduced in each summer
of 1983 and 1984 Other workers also report one generatlon
per year in other parts of the species: range (Blackman and
‘Stage 1918 Hopk1ns 1909; Simpson 1929 WQod 1963). Swaine
(1911) reported two generations in one year in Quebec but

\\\- | his second generat1on may have been a second brood ‘He'

. . observed some brood adults emergxng in Augqust and at the
\\ same time observed new attacks on .nearby logs. He concluded

AN

.
.
. ¢ . . . .
. . » ,
N . * .
by . . . — .
e X ,
. . . ‘ ]
. AN -
’ ! . Y t o -
Ty B . Dy . .
¢ . : P ' N . o . .
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to hibernate. ° . \\\\\ :

that the brood adults were starting a new generation. .
7

However, thse new attacks may have been caused by
reemerging parents. New brood adults also emerged in late
summer-and early fall in Newfouyndland (Figs\ai: but lacked
fully developed flight muscles and were judged incapable of
flight té new h;sts. They did not produce a second

generation but entered gallérieg at .the-base of brood trees

®

_ ~N
Winter adaptations

— .

Emergence of new brood adults before winter and

N .

re~entry for h1bernat1op at the base '0of trees has been
reported for only D. fufipennis within'the genes ‘
Dendroctonus. This habit enfiances survival because | te 2 m
of tree base is usually covered by snow in winter keeping
temperatures there near 0 °C (Schmid and Frye 1977). §pgw-
'cover also protects beetles from woodpecker predation
(Schmid*and Frye 1977).'However, snoe;covered only 20 to 30
cilof tree bole for only two to three weeks dur&ng the
winters of 1982/83 and 1983/84 at the study site and this
gave beetles overw1nter1ng at the tree bases llttle
protect1qn from cold. As a result, overw1ntenlng mortdﬁity
_of D: simplex at 0:5 m was At least as high as at other
heights during the 1982/83 winter (Table 17). However, there

was no woodpecker predation beloy 1 m, Movement of D.

simplex to lower~perts of tree boles may héye survival value

- in regions where snowfall is greater.

‘.

N
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I do not know why only a portion of D.\simplexlbrood
\
adults emerged to hibernate in tree bases. Emergence of D.
- rufipennis for hibernation at tree bases was 3% to 88% for

the years in which investigated (Rnight/1961).

- v

The decrease in mortalitymg¥'D. simplex adults at
various temperature treatments from early fall to winter
t('I‘"atele 18) indicates development of cold hardiness? Lower
7mor£$lity among acclimated beetles than among.ﬁbn-acc}iméfed
. ones (fable 19) also suggests*an incrgase'iﬁ'colé tolerance. ~ *

The method by.which D. simplex increases cold hardiﬁg;s’is'cw;
not known. Cola hardiness in some other scolytid species is-
increased by production or increased production of
cryoprotectants such as glycerol and sorbitol (Amman and

Cole 1983; Gehrken and ZackariaSSen.1977{ Ring 1977). Larger
size or higher concentrations of cryoprotectants may be
involved in the higher‘survival of females than males. Such °
differential survival of cold has been reportgé fox D. .
ponderosae (Safranyik 1976; ‘gaﬁson 1971) where higher levels
of sorbitol in females may aécount for their higher survival
(ﬁing 1984 - personal communication). The larger average
size,of larch beétles-tﬁat surviveé cold temperatures (Table
20) may simply reflect the larger average size of females.

—~Better survival of cold treatments by larger beet1€s than

smaller ones has been reported for D. ponderosae (Safranyik

1976) but significant éize differences between sexes ﬁas’i?t-—v-*~

demonstrated. .
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brood per year in Newfoundland. \\ .
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Conclusions

At most, only two broods and one generationgof D.

o ’
simplex per year occurs in Newfoundland. Climate is the most

"

Jimportant factor influencing seasonal lifé history of D,

simplex. The climate generally permits be‘Eles to .lay two
complements of eqggs per year. However the number of parents,.
able to establish a second brood is much smaller than for

the first: because most reemerged beetles cannot fly to new

.hosts. ‘Such a small number of beetlés may not be able to N

>
overcome the resistance of ne1ghboun1ng, healthy trees and

may be capable of producing second broods only in. breeding

‘material which has little or no resistance such as injured

trees, stumps and fallen material (windthrows, logging

slash). Also, a large proportion of the second brood will

likely be killed by cold before reaching maturity. Hence,
the second brood does not contribute significantly to the
overall populatzon the fOIIOW1ng spring. Since climate is

not ¢onducive to production of a second larch beetle b&ood

lack, of complete £light muscle regeneration in most
. - ]

reemerged beetles may be a result of selectionifor a single

4.1,2 Host selection and colonization ¢ : “\w

tb&ike most scolytids D. sfmplex is selective in its
colonization of host plants with respect to both host

species and‘physiological condition..Usually it attacks’
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‘arch trees weakene? by factors such. as defoliation

flooding, fi;e and logging (Drouin and Turnock 1967;

Grisdale and MacLeod 1962;)ﬁopkins 1909; Wood 1963; 1982).
Attack susceptible tredéfezmprise a relatively scarce and ¢
temporary resource whose suitability does not extend beyond
one beetle generation and whose distribution throughéuftthe
environment is scattered (Reffa and Berrymen 1980) . .
herefore, larch beetles must detect and explo1t resol fpes ~

i
wh1ch have an unptedictable spatial and temporal

s

dlstrlbutlon. - . o —

¥

-

The mechanism of host selection for many sgeciee of
scolytids hae‘been postulated .to be initiated by host odors
which beetles detect end follow Fo the soufce (Audersen
1977; Moeck et al. 1951; Heikkeuen 1977). This is termed
"primary attraction”. An alternate hypothesis is random

initial 1anding of beetles on vari'ous hosts and non-hosts.

Beetles 1and1ng on suitable h3§ts detected by gustatory

- ——r

cues (Raffa and Berryman 1980), initiate gallery formation
aad produce an agg;egation pheromdne,—whEreas, beetles .
ianding on non-suitable hosts redisperse (Hynum and Berryman
1980; Moeck et al. 1981; Raffa-and Berryman 1980; Wood
1972). Such a strétegy ensures that a lerger ptobortion of
the host population will be investigated and that few
susceptible ‘hosts will escape-detee;ion. I obsérved lagch
beetles landing on tree specfes other than larch and on
larch wh1ch subsequently, were not attaoﬁ%d This may

-
support the hypothesis of random 1n1t1a1 Janding of beetles.

B aanmnd
P
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The defences of larch trees selected for attack by
pioneer D, simplex must be ¢vercome before colonization is
successful. Like many other conifers species, healthy larch
defend b;‘exten51ve pitch production in response_ boxbark
beetle attack (Drouin and Turnock 1967). The toxic resin

entraps and kills or expellé beetles attempting to bore into

the tree. There was very little pitch production by

' ungirdled larch attacked by D. simplex at the study site in

1983, perhaps indicating a hlghly weakened state. However,
there was much~p1tch production by many naturally a;t;cked
trees acroSs<Newfounéland in 1979: 1981 (Raske 1983 -

personal communication) and 1984, causing many unsuccessful

colonization attempts. Y

)

Many scolytid species use mass attack to overcome tree
defences (Wood 1982). Mass attack is facilitated by‘the
production of aggregatién pheromongs‘by the pionéer beetles"
(females in the genus Dendroctonus). hggregat}on pheromones
are produced in the midgut and traﬁ%portéd to Ehe
ehvironmeqq by frass passing through the gut (Wooﬂ\1932).
?h¢se phercmones attract beetlestof'both sexes to thé same
tree where they also construct entrance holes., However, not
all larch beetle females const ucted their own entrance

holes. ,Some used entrance ho%ig constructed by other femaIes

Wich likely conserved energy by relieving the female of the

- task of boring through the outer bark and overcoming tree

resistance. The near simultaneous attacks by beetles

responding to aggregation pheromone overwhelms tree defences

- \

ii..-
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b} . -
enabling successful colonintion (Wood 1982). The larch

beetle also mass attacks trees and presumably produces an

aggregation pheromone, although one was not demonstrated

e ——

Larch beetles in Alaska were strongly attracted to a

e

synthetxc mixture of seudenol and alpha p1nene (Baker et al

1977; Werner et al. 1981) suggesting that .these compounds

.may be components of the natural aggregation pheromone of

"

_ the spectes. | -

¥

-

.quonizatjon'by larch beZéggf onl& in reg}ons of larch
boles with phloem thickness of 2 mm or more (Table 2) and “
observations of abandoned entrance holes in regions with
very thiq;ghldem suggesfs that females may also respond tq/
pbysical factors such as phloem thickness whgen selecting-a
site to start gallery construction. It would Be more
Benéficial.£g£_bee;les to construct galleries in thicker
phloem since tuﬁneling?in_thin phloem would necessitate deep
scoring_bf the wood surface which.would utilize energy that
could otherwise be'put.into reproducf{ggljhlso, brood .-
produced in ghin phloem may be more su§cepi§£1e to

dessication. . . -

' o’
- -

.1.3 Mating and egg gallbry construction : .

*

‘Males were generally not ﬁresent when’iemales_initiated
gallery construction. Female behaviour before male arrival
differed from that after male arrival. Galleries were kept:

free by pushing. frass out of the entrance holes, This

¢

’\
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%s probably exposed the aggregation aapmone in the frass to
e ¥

{ the environment for dispersal as W %:{ES prevented galIerxes
i from becoming blocked with frass ggp; would obstruct male.
entrance. Sh\\lar behaviour has been reported for D .
ponderosae (Amman 1975; Rasmussen 1974)}. When males arrived
they cleared the frass and constructed turnlng n1ches and

) vent1lat1on holes wh1ch 11kely enabled females to put more

'/"k\
e : energy into egg product1on (Amman 1975* Rasmussen 1974&; Ref&

1958a). Also, egg gallery construction rate doubled after

t o,
o males arrived. -

T Stridulation by males before entrance into galleries
. . ‘
may serve to stop production of aggregation pheromone by

feriales (Rudinsky 1968). or may-hehair;’pf territorial
. . behavuaﬁr dlscouraglng other ‘males from entering male

occupued galler1es thereby dlstrlbutlng the male populatlon
* ‘ -
.« J

more efficiently (McGhehey 1968).

-

There are seqerélupossible factors that determine egg
gallery length amd ape. The vertical nature of D, Simpfex
‘galleries m;y minimize severing of vertical resin ducts and,
hehce, resin flow-(Stark 1982). The sinuous and qranchimg t

4
gallsry pattern may reflect a"tendency for females to avoid

» ?‘ ’

» other galleries'by tu?ﬁing away from them. AS more phloem is.

%ytilized avoidance of other galferies becomes difficult
resulting in galleries‘intersecting and .anastbmesing. The
1} great variation in egg gallery length (Table 4) may, be

related to available unused phloem., Females initieting'w *

. 4

,
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galleries toward the end of the attack period maj £ind

11tt1e unused phloem and be forced to construct shorter

gallerzes (Wagner et al. 1982) Although larch beetle attack
J ° .

densit; uas much loner for Brood IT trees than for Brood 1
trees (Table g), - average egg gallery length was shorter in

Brood 11 trees (Table 10. Possibly this was due to greater

v

}ES1stanca—of Brood II trqu, colder tenlperatures or lower
vigor .of females. . - . ;o

1] N - - -

-

4.1.4 0v1pos1t1on

~

o

Ll

For many 5pec1es of Denq_actonus-the numbéq ‘and. dens1ty

'oftsggs la1d 15 a dens1ty dependent funct1on of attack1ng

adu&ts (ie. crowd1ﬂg) wzch adults effzclently ut11121ng ‘

\ v

.
L.

=

theﬁr resources by produc1ng ‘more eggs ﬁer pa1r (E/P). and.
K

more egq&kpii cm of gallery 1ength (E/cm) 1n less crowded

cond1tzon

' al 1978 McMullén and Atk1ns 1961). Proximity of other

gallerzes may be detécted’ by ayd1tory 51gnals (str1dulat1on,

mman and Paqe 1976 Cole 1962, 1973 Coulson et = .

bgfzng nolses) or qual1tative changes in the phloem )
B e .
-‘(dehydratxon, spread o£ jucroorganxsms 1ntroduced h’*» g
’I‘

W@

beethps, chem1ca1 changes etc.) (Wagner et al’, _jggg) The

effects of crowdi g;on ovdposxtion may be offset by * f‘,

-

- increased food supply (i:. thxcker phloem) Thus ovip051t10n N

‘imay be 5 function of both phloem thxckﬂess and crowdzng

(Amman 1972a) There Ais evzdence'to support and contradict ‘
that D slmplex‘exhibits 'similar response to croudzng andt
iood supply. ﬂairs of beetles&rodgced'to larch bolts;' .

v, L - . A
vy 22 N
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. produced significantly higher E/P (Table\S) -and E]cm (Table

. e =

respondxng to the much more crowded cond1t1ons in theJBrood
1 trees by producing fewer eggs and by Spac1ng eggs farther

apart. Afdrt1onally, the Brecod I tree that exhibited the »

. Jhigher E/cm also possessed 51gn1f1cantly thicker phloem and

. lover. egg gallery length per 100 em? (GL). (an' index pf

"crdwding).-Hoyever, regression of E/cm on phlgem thickness

v

only 4% of total variation indicating’
') "

and GL accounted for

‘ tha{ the two. predictors had very little influence on E/cm.

The cons;derable unexpla1ned varlance 1n E/cm may be l

' attr1buted to unmeasured var1ab1es such as tree re£1stance

'(re91n product1on) phloem quallty (m01sture content,

m1croorgan1sms) and .air temperature (exposure) (Amman 1979a,
1972b" Beanlands 1957 wagner et al. 1981) . ,

:Although Brood 11 trees were less densly attacked’ than
[ . L » o - . ) .
Brood I trees there was no significant difference ,in E/cm

between the two (Append1x D). It 1s not known, why. feweg eggs

were produced per pa1r of beetles 1n Brood 11 trees than in-

Broodﬂg trees (Table 8) It may- be due to re51n productJon

1
wh1ch was observed to be much h1gher for Brood II trees than

for‘Brood tre%F ‘ o ’
L C—

Brood den51ty has also been related to phloem th:ckness

'w1th h1gher densitjes- occurr1ng 13 thldger phloem (Amman

“1972a° Amman and Pace 1976)rﬂrg35 relationship wa's not

Sbserved for D. \s!mplex as regre551on gf Btood density on

¥,

Co, . .ot . : ¢ !
. ) .. »
‘

t - . [ P 1

% —

*,
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broéd density in Bpood II Erees (Table 9) was simply a

ovxpositxon is common among scolyt1ds (Atk1ns and Farr1s

S N L T R
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phloem thickness resulted in a low r! value of 0.02, Lower

¥
¥

refiection of low attack densities.

A

The maximum of four eggs®per niche is due to there
- . ¥ ‘
being four ovardoles per fqgale. Hence, only four eggs can .
mature at a time. This agrees with data'presqnted by Swaine

{(1911) for D. simplex. Hovwever, Hopkins (1909) reports as

many as six eggs per niche, ‘-

Flight ﬁuséle histolysis, fat bodé degeneration, and

gonad enlargement during egg gallery constructlon and

1962; Gray and Dyer 1972 McCamPr1dge and Mata 1969~ Rexd-w-f ; .
1958b. 1962) It has been hypothe91zed that f11ght muscle
.ﬁnd fat body degeneratlon éurzng the reproduct1ve phase

provides ;Gergy and materials for rgproduct1vé processes

(Athns and Farris 1962; Hockxng 1954). While feeding by D.

simplex adults durxng gallery constructlén likelf'pfovides

.some energy and qpterxals for reproduct1on, fllght muscle
~and fat body degeneratxon lxkely provxdes 1t much faster
enabling ovipogition to begzn and reach a maximum sooner.

f};ght muscle degenerat1dh may also function to prov1dé more ' ;

" room for develop1ng gonads, especially" ovar1es ,yhlch exterd

into the metathorax thgh:\‘\uscl 5 decrease in size (Rezd
*-l L
i958b Y, . .

C )
The time'reqdﬁreaffor g d dev lbpment in D. élhpléx

-females at the start of gptitry construction accounts fgr
.~ . v '( ) .
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the%\ initial eqq free portion of galleries, The egg free

j:-é—rmin_al portion \of.galleries may be due to cessation of
‘oviposition to prepare for flight muscle r'egeneration and
other internal changes before reemeraence. This has also

been hypothesized for Dendroctonus fr'/onta_] is Zimmerman

4
.
g

-(Wagner et alf 1981). 3

ettt —— 1

4.1.5 Breod development ‘and behaviour v .

. P

The observation of four larval instars for D. slmpiex\ ‘ '

-

in ‘Newfounéland (Fig 18) agf¢ees with that of Prebble (1933)

for New Brunswick ppopulations. However, average head capsule

e

widths of larval instars we&re larger {han those récorded by
-Prebble- i(J'I‘able 10). 1t is not @n w‘q. L1ndroth (1963)

observed that Some ground ‘beetle species were larger in

‘Newfoundland ‘than in some other par't-s of their range and

Genge (1.985)' noticed the same for caddisfly larvae. Lekander

1

(7968) reported that the average ratio between average head

capsule widths of two consecutive instars of larval ‘ - '

. " - - -
s - . .

scolytids \wgs’1.32. (range= 1.17 to 1.48), not much diffgrent ‘
.than the growth factor of 1,33 orted here- fo;;D. Sfﬂpl‘ex.
Develo;‘:ing D. simplex .brood likely obtain most of It;heii'

nuttients from hbst phloem. Although I observed a few newly ',-\L.
hafchec_] 1arvae.' ingpsﬁné egqq ‘c'hori'qn apd_exuvi? and m'any\ ‘
larvae‘and adults ingeséing' fungus and dead nematodes, the
nutritional va'lue ofgghese materials is not known. Most:of

o

‘the larvae observed exhibited coprophagy suggesting that i’

roo LT L
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chemical changes in the excrement, brought about by action

152

of micfoorganisms, or the microorganisms themselves might be

of nutritional value. .
) ’ . LN

Cannibalism or entomocide (killing without ingesting)

-~

is known to occur among scolytid progeny at high densities
(Berfyhan and Pienaar 1973; Cole 1973; Schmitz, 1972; Schmitz
and Rudinsky 1968). However,‘i did not observed this for D..
simplex progeny in rearing chambers poss@ﬁly bécausé'there
dére‘feﬁ encohnfers betdeep'progeny, I élgo di§ not observe
evideﬁce'of cannib&lism or eﬁtémocide {hTfield popul&fions S

where brood densities-wereymuch higher. It is 1&” that o

cann1bal1§m and entomoc1de among progeny is normally

,lxnc:dental but may be an 1mportant natural control when

populaglons are high (Berryman,and Pienar 1833,‘Schm1tz

- 1972). |
A ‘ { . . f .
v L . 4.2 MORTALITY *? o
\ : -

Instar spec1f1c mortallty estlmates for most laréél - '.
1nstars and pupae are thought to be accurate becduse dead A //
1nd1v1duals of these 1nstars were easily detected: However, ‘

| some dead eggs and first 1nstar 'larvae wer;-probably ‘ : f/ﬂ/ '
overlookedlanngOme may hav%ﬁbeen englre;y ingested by (/’ v
) p:edétors. Hence, moftality fér these instars, especia}}y.. N ——

_the egg, i llkely underestlmSted. 1f soh\:hen total

¢ :
mortality from egg to adult, calculated by mulzlplyxng

percent mor;alzty,in each 1ns;ar by the propontlon of the
. L \ . - .
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v
—original " number of individuals that lived to reach that
-.s4instar and summing for a%ﬁ instars, is also underestimated.

- Total mortality estimates calculated this way were . ~

’

consistently lower than those based on the difference
' ' o

between the average density oﬂ eggs and the average density
- g
of adults after brood maturation (Table15). The second

method is considered better for estimating total mortality-
# .

V- | T 0N

Like most scolytids D. simplex has a high reproductive - .

.~

rate which if left unchecked, would leaq to overpopulat1on.'
Many mortaht‘ factors, along w1th food .8 pply, are - . .
-,. ' ,'. respogflble for reduclng D. slmpie%fﬂ}g ers. These mortalxty
L . factors are- baswafly the same #s ' for other scdlyt1d spec1es | ‘
-andfcan be grouped into three categorles- host re51stance,
abiotic fdctors and biotic factors. The mortallty factors do e
. e . hotﬂexert their effects eqoally among all D. simplex stages
R . but, depehding on instar susceptibiligy'or abundance, .are
| more effectibe against some inétgrs than_others. ’
: : . f,amf\o | | o

- \\ i ‘ .. \

+

4,2.1 Host resistance -

—

¥ -
b = - .

Host résistance (reé}n production) to larch beetle‘ S
- attack and gallery construction was greatest durzng the
arly stages of hogt colonizatlon “Only attack1ng adults, &
eggipipd early lazzall1nstajl sustained mortal1ty by
' re51n051s. Although 1 observed only four attack1ng adults >

p1tched out and k;lled.by resin flow at the study site in

~1983, resinosis is probably én'impbrtant mortality factor w. -
‘l*' . " ‘ . o ’ v '
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among attacking adults most years. It was common throughout
Newfoundland in 197;, 1981_(Rasﬁe 1983 - personal
communication) and 1984. Death of gégs g} resinosis could -
not be 1dent1f1ed but was lxiéiy significant, Many larch
beetle eggs were covered with resin but I could not ‘o
determine if this caused mortality. Resinosis is an

important mértalin factor among eggs of many other scolytid
species (Berryman 1968; 1973; Cole 1975; Reid 1963). The’

much higher. resxnos1s caused. morta11ty amo?g first and ;
second larval 1nstars 1n Brood IT trees as compared to Brood

1 trees (Table 16) 1s understandable cons1der1ng the

apparent hzgher levels of resin product1on by Broo§ 1T . ,
trees. .This may alsd/;xpla1n the- higher total egg mortality

in Brood II trees: (Table 14) even though egg morta11ty by

res1n051s could not be determ1ned’ It 1s likely that the

" much lower percent reemergence OflP slmplex adults from . ™~

" Brood II trees, at 61%, as compared to Brood I trees’ at

90%,.may also have ‘been 1nf1uenced by higher resin_
™ = I {
preduction in Brood II trees. : i

4.2.2 Abiotic factéggﬂ;_" ' . . ) a =y

-

‘The most important abiqéic factor observed to cause '

o o

' temperature whichekilled 17% of the second brood in 1983

(Taﬁle 16). Temperatures lov enough to k111 D. simplex

-'-usually do not occur untxl mid to 1até‘0ctober and “hence, ° . \

cause no mortality among immature instars of the first brood
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wvhich reach maturity by August..lf a second brood is
produced it is generally small, Therefore, low tempgratyre
is not an important mortality factor among immature D.
simplex even if the entire second btood is killed. Low
temperature may be a ver%_impgttant mortality factor'for
overwintering adults although-it was not during the winter
of, 1985/83 ‘Winter mortality among adults is likely’ "
1nf1uenced by wlnter t.emperatures, snowfall anﬂ the

proportion of the beetle populatlon that mlgrates to tree

"~ . bases befgre w1nter.

- - . . -

' M&{ta}ity of D. simplex due t& dehydration'could nét be -

determined in thi§ Stqu..Howe¢er, I1°believe that
thydratibn.ma§ be.an.impottant morta}ity factor amqngieggg
ranq larvae in trees and pQ{tion ot‘trees-with thin phfbem.
‘This has been reported for D.lpondéPO§aé‘in'the northwestern

Uniied ﬁita-tes (Ammar},a\nd Cole 1983).
. . N

‘_4.2.3 Blotlc’factprs . ;

’
g
-y

éarasigoids‘were the most impottaht hiotic factor
affecting Dt s(mpiex_pqpnlatibns ih;this.study; All four
. latval instars werélpatasitized in 1983 but the third and
fourth were most severely parasitized (Table‘165 chéuSe
these vere thé instars most'abundant when adult parasitoids

vere search1ng for hosts. No pupal para51t15m was observed

.. .during the study (Table 16) although many spec1es that

paras1tzze scolytzd larvae can also parasitize pupae

T

-

LIS
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. ¢
(Bushing 1965). The apparent absencefif D. simplex egg
parasitism'is not suprising since bark beetle egg
parasifhgds are relatively rare-(Dahlsten 1982). Egg
parasitism may have peen overlooked™since egg parasitoids
feed inside the chorfpn and are -difficult to detect. Adult
parasitiiy'al may have been overlooked because parasitoids

of adults feed internally 3nd are not readily detectable

unless hosts~are dissected.
* . '
The h1gher total D simplex brood mortal1ty in the

—

;upper and middle regrons of 1nfested bole as compared to

‘lower reg1ons (Table 15) may be attributed mainly to

b et 4

parasrt1$m yhrch‘was approxxmately twice as high ip those'
bole regions (Fig. 26). Theldifference in D. simplex

parasitism along tree boles may be related to phloem

thickness which decreases with height (fable-z). Adult

.p‘arasitoids can oviposit on or near a D. "Slmplex'fwst only

if it can successfully penetrate the bark and phloem layers

— -

'w1th 1ts ov1posrtor.‘Therefore, the short length of the

ov?omtors of D{smplex parasrtords likely enables more

%
successful- oviposition in reglons of the bole w1th thin ¢
phloem (1e. middle and upper regions). Similar results have
e X ‘. . . ‘ y - . .

been reported for several other. scolytid species.(Dahlsten

N Y N
1982), . I . "
’ ' L) P 1’/ f

'Sinee morta}ity due to.parasitism was calcul&?ed using

-

" only D. simplex individuals that had parasitoids feeding on

them or that were peralyzed and had parasitoiplegge laid
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near them, it is likely that percent parasitism is :
underestimated. Total parasitoid impact should be viewed as
all host deaths resulting from the presence” of pé;asitoids,

not just those hosts utilized for reproduction (Van Driesche

¢

1983). Parasitoid induced mortality must also include
A . . ' . .

paralyzed hosts on whih no oviposition occurred.
' * - ' - =

jMortality of D. s}mp?ex due ‘to arthropod predators may
also have been underestimated since an individual was ' S
counted as pre§'on{y-if a predator was obse}ved ggeJing upon
it,) All-D.'simbleg instar;i;é:e préyedvupon bu: first and
second larval iﬁgtgré'and puﬁae réceivgd slightly moréfﬂ Y,
bxeé;tib; presgd;é thpn cher instars (Table 16). Early ‘
larval instars may have more.pfedaﬁprs feeding on them or ¢

may be eaéier p}fi and pupae may .be pféyed’upon more ofteﬁ

because they are immobile. Egg predatioﬁ was not observed

yjpiUﬁéoubtably occurs., T e .
. . a - -
The similarity in'predator caused mortality between .
N ) R »
sample heights of Brood I trees (Fig. 26) indicates that ¢

- L]
phloem thickness had no effect on predator success. That is

»

not suprising since beetles enter D. simplex galleries t?}// v

‘oviposit or feed. ' A Y

o
-

‘Xlthough pathogens caused mortality among all D.

Siﬁblexfinstars_they were more effectjye against pupae

(Table 16) suggesting that this stage was more éuéceptible.
Pathogens were not’ identified” but ‘may have been bacterial,
¥ o

fungal or protozoan as all three groups cause mortality;ih
“ ",\ . ' .’

‘
- v

B
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\ other égolytid species (Dahlsten 1982),

- : )
- possibility that the number of eggs laid per cm of gallery

L] * ~

Intra- and interspecific competition for £ood are
potentially important mortallty fdctors among D. Slmplex , N
&
populatmns. However, ne1ther type of competltlon appeared

to cause significant mortality among D. simplex in 198:& The

by D. simplex females was inf luenced by crowding and phloem
gickness may have redqced,intraspecific competition. Such

density dependent ov'ipc;sition behaviour ‘has been suggested |

“to reduch 1ntraspeC1£1c compet1t1on in other Dendr'octonus _ /

spec1es (Dahlsten .1982). The low 1nc1dence of other phloem ~
feeding .species in trees i‘nhabitbgcl_by_ D. simplex (Table 21)
implies that i'nte.rspeeific competition was also low. .

|
"~ " 4:;3 ASSOCIATED ORGANISMS
\ ] : ‘ .
After colonization by D. simplex, a larch tree soon '

becomes inhabited by other species(a organisms which are

L)

‘-attracted to the tree £dr one- or more of the followlng

reasons: (1) to prey upon or parasztxze D slmplex or other

organisms asséf;.ated w1th it, (2) to feed on phloem, (3) to '
Ato use D. simp)ex gallenes or bark )

feed on fungi’, (4)

crevices for shelter or reproduct1on, or (5) to scavenge. _ -

Becav.‘e an inféstedatree provides so many attractions for
. - . ! v - a . .

- other organism’s it is not suprising that such a large number

-

of ‘species - (52) were associated with D, smrplex fxeld

>

populatmns 1n 1983 Many other 'scolytid spec1es also have
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large numbers of other species of asscciated organisms

(Dahlsten 1982),

‘—-“‘

*4.3.1 Predators and parasi toids . - .

:
1

' The major predator (Medetera sp.) and paragitoids -
{Roptrocerus xylophagorum, Rhopal :cus tutela and Spathius
canadens Is) of D. s:mplex all have a common lzfe history

pattern, w1th adults arr1v1ng at beetle infested trees one
to two weeks after the D simplex host attack perlod Th1s

suggests that-predators and para51t01ds are: not attracted by

' stops vhen females obtain mates‘, as w1th other scolytld

species (Bordén 1982)‘; The inteﬁrval be.tweqn start of host‘
at’tack by D. S.implex and arrivﬁl. of ‘parasitoids may have. a'm,
advantage for the parasitoids. Larvae of most parasitecid
species generallj remain on one host until'd‘evelopment is
comblete (Dahlsten 1982), Hence, larvae feeding on larger:
hosts would have a larger food S}Jppl); _and'poss‘ibly a better

chance of completing development than those on smaller

.hosts. By the i:.ime parasitoids ai:rf;ved at D. simplex

infested trees in 1983 a large propo:'tion of the heetle s

‘brood consisted of large third and fourth instar larvge, and

’ . ' . . ¢
" these were the stages that were most oftentpar91t1zed-(Tab1e

416).-This would not be of advantage.to predators which are

capable of consuming more than one host. b
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. Predators
' “‘ . . [

L

The apparently higher d‘ensity.'of.‘;': dators in the -lower
2 mof trée boles than in the higher regions may serve~tof.
/ . % reduce ‘competition with parasitoids which were.twice as
/abundant in the middle and upper reglons ‘than m lower

q . regwns Therefore, more predatlon of D simplex would be

-

expected in the lover bole( he e predator dens1ty was

hxghest but this was not observed (E‘1g 26) ‘

“ / '. B - ) '|
Lo _" .y . ( ' .
c j Spec1es of Stratmmyldae, Medeter'a and Rh!zophagus are

L4

- o™

: L o ""also known to ptey on other msects benciath the bark and may‘-

<+

e “"!s be an 1mportant mortahty factor of other predator’s angd’.
T:...._vparam toids (Beaver 1966) . Although there were numerous

o g ' other.-predator: spec1es collected from D 'simplex galler1es

} . 1A this study 1t is not knbwn if they preyea on larch

) beetles Of t&se spemes the 5taphy11n1d beetles -were: the,

"most abundant and poten-t:.ally the most 1mportant group. Most

“ of the stapl&;rlxmd specxes associatad wath D. simplex are‘
.known to prey on. other scolytld gspecies (Chamberlln 1939-
Hatcb 1957). The hlgh abbndar{ce of staphylmlds, mamly
aleocharmes, in the lower parts of larch boles dumng

,'v-“;"' i

w1nter suggests that they mlght be us:.ng gallenes for .

3

‘shelter and hxbernat ion, Fly larvae of the genus Loncﬁaea
and Xylophbgus abdomfna.] is larvae are alsp well knolm .
e . predators of scolyt:.ds (Chamberl;n 1939) but. were not

1nﬁportant in this study since oniy, one adult and no larvae

.
|l|.'l N -
)I' v - " ' R .
Lo . . . A
(R ) P
i ” . Lo LI 5 VPP
- v N . » M 4
. O . .
Y
t
4+

known to prey on: SCOlytldS (Chamberlm 1939) but Medeter'a ig™
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of each was observed. Species of Tetr'aph'leps are knowl:n. ag ) S
-4 * ’
aphid predators (Kelton 1966 however,  some were fpund in

. . D. simpTex galler1es and may be egg predators. —
2 %
Parasitoids.‘ .. ) .
. , —_ £ <, e

LY

All three Hymenoptera spé’éies observed to parasit"iie D.

simplex during thlS study ate also known to paras1t1ze ‘many

other scolytid spec1es (Bushmg 1965 Chamberlm 1939).‘, L N

Although these parasxto:.ds were very numerdus no multzple ; e
T P B

Z parasitism or superpa'ramtxsm were observed. Samson (1984) .
reported that each R.'xylophagorum female ov:.pos_lts.on up to,

" 23 Ipsigrandicollis (Eich.) larvde ih the 'f_.souﬁhern\*quté'd

‘ States.- ) .o " — . o - ;
f » ' p
0 a s ) g R o . ‘,.(

Of/the othet Hymenoptera assoc1at wi't]; the larch

. ”(
beetle in this study - Chlorocytus’ sp., l:vg -SPp.,

.~ Lamprotatus sp. and Llodontomer-us sp. may be paramtmds of AN
D. simplex or other associates or may be hyperparasnoxds " '
5' Ty No hyperparasﬂnsm was observed Graham (1969) reported
H\ lehydrlophagus meyer*lnck!l to be a parasitoid of w’dwasps. "
" Coptera atr Jcorniéis a known parasitoid of Lonc:haea spp. -

(Muesebeck 1980) andasome Gelis spp. are known . ’
. -
h’yperparam toids of bracomd and 1chneumon1d wasps (Carlson

‘e
-

PN gy, . | : ‘ L a
- . : ' b= .

@ P ¢

. 4.,3.2 Compet.itors . * s - ' e L
s . ) - v - ' S . K - . Com
» .., .' . N : ” ! 4. - »¢
f . The 1mpact of Q&her phloem feedlng 9pec1es on D. )

! ‘ . slmplex could not be determined but was 11ke1y not I v

.
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-'.‘signif.i;can&ecause of thé’ small number of other phloem
. . feeders presqnt (Table 2.1) oﬁly one to: tvo. adul‘ts each of.
K /Crypturgus pdsll Ius. Dr-yocoetes aJtognaphus, Polygr'aphth
‘ r'uflpenn!s and Hy?oblbs p.InicoIa vere qaptured during the
,A::ij stuayiand no gallerxes or larv;t‘were dbserved d1cat1ng
e R that these captures may have bee'_n,mcxdental Howeber, P
', r'uF!pennis can be abunda\nt! of 1arch (R&ske 1984 -‘pegsonal
.commumtatzgn) Larvae of St !ctoleptur*a canadens!s may have '
745*;competed with D Simplex larveexfor food but - were lzkely .
'more 1mﬁbrtant as acclaental predators. Destructxon of .
o VR ;. 5colytxd 'brood by cerambyc:ld larvae has been reported'~ ;Md/
‘ (Coulson et al: 1979) S .
‘ . ‘_'-__'~4ﬂ.,:3"'.'3~Mi"’.sc'elglan'eous_‘3 EEM R 'v‘ SN
: : LIV . e
. | "ﬂ_-‘ Sphcies of Ptxhdaeh, Cor'tiCar'ia and E'pur'aea are fungus~
’ﬁ “ feeders (Arnett 1968) as are spec1es ofthexgza (Cook 1981)
' t'? prr-ionls (Gagne 1981), Chaetosclana and ‘gcatosclana (Steffan
' ;‘ﬁ: 3981) The 1nterval of: approx1mately two months betwefn D

Slmplef"a‘?rwal at,host trees and arrival of fungus feeders
‘.likelrprovides t:me‘for* £ungus;go grow in beetlé allex‘1es.‘

. R .’
3 . e ' E 1+ '

Spiders probably did not adversely affect . simplex

LN
.

e

:populations since non;,.uere observed in 'Qalleries or preyingi
. C e oq beet.les on the thee surface‘ Clublona canadens|s . and -

i |‘ . . . | , Gr'ammonota sp. were Just uning crevices and shalés .on larch'

l' L boles to’ depgsit eggs while the other epecoies vere likely..

b 'x S 'incidental captures. Al\:h‘ough eggs and, J’uveniles ‘f the

»

}t\‘ - ‘1. - - . “' . ‘N-:' \\_‘_—;"):/ *

+ B
P - . . .o A x e o S

-
»
3
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harvestman Odjellus piqtus‘werd common in larch beetle g

- . - R
galleries o predation on beetle‘“brood was observed. . :
The phoretxc m1tes mag have ‘been phloeophagous, K S
mycetophagous or predators of 'ﬁer assocxated organxsms but L
) apa— * e . Y N
. vere not observed to prey on 0. slmplex. The phoretic oo , oo
nematodes were 11kely mycetophagous (Fxnney 1970) ;
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?, than "pr;mary" attractxon. ¢ a ’

) S, 'smnr’n! 4. ‘

%
1. The bionomics .of D. slmplex was stud1ed near St. John s,

Newfaﬁndland in 1982 andlﬂ983'and in western

e

-

Newfoundland 1n 1984, .

<.

2. Emergence occurred from 7 May to 19 June in l983 and was :
| temperature 1nf1uenced since emergence peaks coznc1ded . ..
thh periods of ‘high mean daxly air temperature. | .
3. At fzrst more beetles emerged from Epe sun- exposed south .
\s1de of tree boles than from the shaded north side and _ .
. more females than males. Emergence at 5 m started-tvo.to: A

o

_four days later than at‘&ower heights. The highest ~
density of beetles emerged at 2.5 m. - . o T e

4. stgsfszng larth beetles vere observed to land on tfbe
»

species - other than larch and on larch whxch,s// -
t

- ™~

subsequently; were not attacked. This -appear

‘o
ar (e SUprl’l‘.

‘hlthe theory of random inztlal land1ng of b les. rather

& t

5. 1In 1983 the first host attack period occurred between 15477

-~

-

May and 25 June. Hoé!‘%ttack was initiated by females '
and males arrxved‘up to. two days laEer. Up to fourfpa1rs B |

‘52 beetles used each entrance hole but- each paxr .

[4]

'constructed‘its own egg gallery. . . o
6. The middle 6£Jthe bole ‘wasg’ generally attacked ff‘st No -'“
¥ % '
-attacks,occurred in areas where phloefi was th1nner than RS
2 mm, - L o ,.3' - . - A ¥
’ L . !
.. Production of. an aggregation pheromone by D. slmplex was
not demonstrated butl‘likely does occur. | \: o .
. O . S | ' ( !
AY _\ N . t
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8. In 1983 the first reemg:gence.period occurred between 25
June and 27 Julyrdlptety percent of all parent beetles
reemergéd but none.were observed to fly. ‘ ‘

9. . Some reemerged beetles gttacked new trees,between 4 and

29 July, produced a secon‘q brood and reome;ged betwec)n_s

N

=

~and’ 30 August Parent% spent an. -average of 30 and 32 7

.days in quoa I and Brood II trees, respecizvq}y.

10. Attack peaks, wh1ch reflect peaks of f11ght co1nc1ded
with peaks in mean daily air temperature and most
~reem"ergence peaks and declifes coincided thh o
temperature increaseé and deq(ﬂgses,'respect1vely,
‘ind1cat1ng a temperature influence on £l1ght, attack and

—— v

» 1 5
reemergence. ~}m

11. No reemergence or 3£::;ks occurred on days when mean .

N N
air temperature was 4 °C or less and peaks of host - *

attack, whlch reflect f11ght peaks, occurred on days

- A

‘'when_mean air temperature was -10 °C~;? hxgher.

12, The long duratlon and ‘rratxc ‘pattern of sprxng

r

\\emergence and first attack perxod is a,reflectxon of the

v"‘"
cool, wet and variable spring climate on the Avalon

-

“Periinsula.  .* e o f

13, Occurrence df_emergence,\attack (and hence flight)'and

reemérgence between 10:30 and 17300 hours, ie. the T

[ N i . s . B
warmest part of the day, suggests that these .processes

re temperature felated, at least partially, on a

14, Thej' were no flight muscles in twelve reemerged ;

"
v
>
. .
» ' . . . s
L
~

[

Y ' .
N ‘ !

dlurnal bagls\ P S .Ld." | S B .jﬁé'.
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. attacked. No'standing,!ungirdled.trees were attacked.
‘ The-proportionfof.}eemerged beetles.capable of flight is
.probably too small to eneble successful attack of
: : : : » . :

'standing, uninjured tree .yReemerged beetles may‘beiable

ot produced per year in Newfoundland However, the second

‘J "—. .' | ‘;4 ) | 166 ~ 1

D. slmplex*examlned in 1983 and only 17% of 96 reemerged ‘
beetles-examlned in 1984 at Pgng;s.Brook had' fully
developed fl1ght muscles and were capable of :flight.

Reemerged beetles lackzng fully ‘developed flight muscles . ".,
aia not at?ck larch bolts placed farther than 2 m 'away. : ',‘ .

&
Thus, 'mo merged beétles were not c;pable of " £lzght

" to new hosts and effectlvg;y excluded from the second

» -
T

attacklng populatlon. ST y . _ .a
During the se%ond attack perzods 1n 1983 and 198250nly

two and three gxrdled t;ees, respectxvelyf;seig__

. to establzsh second broods only 1n standlng weakened"e
.. , - [ 4 . ,.\
trees, stumps or fallen materzal. '

One generat:on 'and two broods of D. s[mplex can be S

L

————

brood'is‘usuelly ‘small and sustains high mortaltty due .-

to cold temperatures and; therefore, does‘not'cogtrlb'

'significant“ to'the'overall population emerging the"‘ .

Qollowing sprtng.- *k ;__ S o 4
Lack of complete flight muscle regeneration in ’nost
retmerged beetles may be a result of select1on for a

slngle brood per year'in Newfoundland where clzmate is

-

not conducive to productlon of a second brood.

.D. slmplex ig monogamous. Only the Eemale elongates egqg .
‘«T.né. 4 ] j ,.’ kN ’ t

P
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galler1es. Males constructvxgg:1\:t1on holes and turnxng

4

nzches and cl@ar frass.

”» 19. Egg galler1es were vertzcal, sl1ght1y—sxnuous and often

. 1ntersected each other. 'I‘hey avergged 41 cm and 26 cm 1rf “

) :f}~+yff~ "’ leng;h in Brood I and Brood 11 trees, respect1ve1y.

‘f<f {'*i;/) 20. Egg galleryrelongat1on rates by females 1ncreased with

1ncreas1ng ;emperature 1n the laboratory. Elongatlon

?‘_ . - rates’ by females before malf ?ntroductxon was only half
7o - - that _when males were present }

| ~”1. Females laid zero to four eggs’ber niche w1th an average

O of 1.4, Th; number of eggs -per cm of gallery length

(E/cm) averaged 1.0 in the field and 2. D in caged larch.
_bdlts. Only 4% of the variation in E/cm between samples
~_ | could be accounted for by total-egg gallery length -per AN
‘ B | sample (1nd§x ‘of crowdxng) and phloem th1ckness. .
\ o 25\\§Egress1on of humber &f. eggslger 100 cm“sample (E) on
| gallery length per sample (GL) yielded.the equat:on* E=

R .. . 5.09+ 0.833 GL, where N=236 and r=0,91. The length,of"
| o egg galler1es measured in the field-was substxtuted into
the equat1on to g}ve estimates of‘the number of eqggs per

.-'-"J'A . gallery whzch averaged 39 and 27 for Brooi“ and Brood \\ g
; " | 112 grees, respectxvely. The aVerage number of egqgs per o |
. | ; gallery in caged larch boli@ was 70. Meaﬁ brood densxty

- N\\k\gx . was 49 aqd 23 indxvxduals per. 100 cm? for. Brood 1 and

i Brood 11 trees, r‘Bpectx ly.: _ _‘ _ i

. I‘d 23 During eqg gaf@%ry qonstruction and ouiposition
D. slmplex flight muscles completely degenerated and fat

N i . R
+ . . : ' L o ' '
.
. . . .
. . _ . . . . . ) R
i - . " . o .,
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body. decreased 1n size, presumably to provide energy and

materials, for the reproductzve processes and room for

( | .‘.. i - -.

developzng gonads.,,

24. Four larval 1nstars occurred. Mean head capsule w1dths

of success1ve larval 1nstars 1ncreased geometrxcally

¥

wzth an average growth factor of 1.33, Adult males were

' s1gn1f1can;1y smaller ‘than females.

25. Instar developmental tzmes for D. simplex decreajed with

an

ST gy

127.

1ncreased temperatd‘e in the laboratory. Regression of
' 2 )

developmental times of each 1nstar on rearing

temperature y1e1ded r? vélues of not less than-0.48.
Hence, the regress1on equat1ons were con51dered-
sat}sfactory “for est1mat1ng 1nstar developmental time
from: rear1ng temperature. Cooler teWperatures in the
tall 11ke1y accounts tor the longer durat1on of’ the
th1rd and fourth 1arval 1nstars ‘and . pupae of- Brood 11

ghan for Brood I.v

Onlf adult D. slmp]ex overwxntered Immature stages were

not cold hardy. Low temperatures caused h1gh mortal1ty -

among the immature stages of the second ‘brood.

AN
Th1rty-£1ve percent of new brood adults emerged in. the

.fall and reentered galler:es at the base of trees for )

;hibernatlon. Th1s~1s presumably an adaptation to

-increase survivql since snow cover may piovide

protection from cold temperatures and from woodpecke"l
predation. Hoiizer, on the Avalon Peninsula snowfall
during the winter is USUallg too little to provide. -

- .
. ‘-
W .

s
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" - . .
siqpificant protection to brood overwintering at the
N “—~ B L4 .: :
" v g - . ¢ . *
.tree base. L - . “ . : N

Mortalzty of D slmplex collected from fzeld populatxons -
on 6 October 1983 11 November- 1%?3 and 2 January 1984
and sub]ected to varlous cold temperature treatments and
durat1ons 1n*the laboratory, decreased from early fall

ﬁb winter 1nd1cat1ng that beetles became more cold "
hardy.;The method by which cold hardiness is obtained is

o
unknownwk\brger size or‘hxgher concentratlons of %

”)”'—E;;oprotectants may be responsible for the better -

1@

survival of cold treatébnts by tMales than by males. -
_Third and fourth larval 1nstars had the h1ghest

mortality and pupae the lowest in f1e1d pgpulat1ons.

'Total mortal1ty ‘was 79% and 52% for Brood I and Brood

L
11, respectlyely, and was much lower‘near the base of

. Brood I trees than at middle and upper regions. : iﬁ?‘\'

30.°F

[

Pathogens generally caused the largest recognxzable

. x
I A

proport1on of morgallty among eggs, second 1nstar 1arvae
r

and pupae, resinosms among first instar larvae and

: para51t01ds among th1rd and fourth. instar larvae..

;'Para51toids and pathogens caused the highest

: recogn1zab1e prOportion of mortality in Brood I and : ) ""

lBrood I1, respectively.. Mottal1ty due to paras1tox vas "

twice as high at the. middle and upper regxons ‘of tree

boles than near the base poqsibly due to thinner phloem

which may have allowed more successful-ovxposxtion by.

- parasitoids through the hark.l M g

’ . '., ot - "‘5!"’3
' s i
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31. 'Mortaf’!& among teneral brood adults before winter was
6.1% and ‘8, 7% n Brood I and Brood 11 trees, A
'respect1vely Overwlntetxng mortalzty wvas 7.8% dur1ng
the wxnter of”1982/83. Mortal1ty during winter was
-s:gn;f:cantly h1ghe; among ‘beetles at the north aspeof

of-tréos'than at the sun exposed south aspect. -

32. A total of -52-species of insects, spiders, miteo aﬁ%~_

n oatodés wero associated with'Q, Simplex .in 1983. The

mo¥E abundantabredatoriwas a species of Medetera. Three ,

-~Hymenoptera spec1es 1-Roptroceru$ xylophagorum (Ratz. )
Rhopalicus tutela (Walker) and 5g,athius canadensis -
‘Ashmead were observed to paras1txze D. sfmpléx. General

l;fe histories of these four species are br1efly

pe
-—

- L3
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Apéendix A. Onelway analyses of varlance comparlng length of’ Dendroctonus 5139 lex .~

egg gallerles in Brood I trees, Brood II trees, and caged larch bdlts. _,/a4\~ \

3

°

Y R : Co
‘\v%' % a7

-y 0 e - ﬂ,
gbh - K l\

t ] . .\' '/ - ot
TEST | SOURCE OF VARIABILITY | DReBBoR oo J'ES%A%ES | €GiRres| FTRATIO
. . 3 / . . . ‘ .
. i ] !
1 Brood I trees and ' N 1157 1157
) +Brood II trees R . 7.11*
Error A Lloi2e - 4721 - 163
2. | .Brood I trees and bolts |- - 1 - | 409 409 " 1.99
. Error . 43 - . 8827 205 .
. ’ ’ . v ¢
.| 3 | Broog II trees and bolts 1 S| 386 386 2. 09
) #| Error ‘ _ . 26° - 4794 _ 184 Mt \
N ’ . t I
' : - : - ~ x
. . . ¢ . .
* Significant-at p< .05 J o - .
. o . .
1 ° - -
-] [ y 1‘

681



!

L]

LY

Appendix B. One way analyses of variance comparing number of eggs per niche in

Dendroctonus simpleéx egg galleries between Brood I sample trees (test 1), between
. 7 - ;

sampie heights of Brood I trees (test 2) and between Br

»

h ]

ood I and Brood I1 trees

1tést.3). ~—
| ‘ _
. - ] . DEGRESS OF | SUM OF MEAN
TEST SOURCE OF VARIABILITY ,-| FREEDOM | SQUARES SQUARES |- F-RATIO
1l Brood - I trees 1 0.68 0.68 0.66
Error 1169 - 1209.33 1.03 Lo
2 Sample heights 2~ 0.30 0.15 0.14
. . Error. ~1168. , 1209.72 1.04 )
..* 3 " Brood I and Brood II trees 1 0.11 0.11 0.11
-- Exrror 1271 1298.53 1.02 ’

* Significant at p§.05' _' -

061
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Appendix C. Ohe.way‘analyses of variance compariﬁg number -of egg niches per cm of

. length of Dendroctonus simplex egg galleries between Brood I sample trees (Eest 1),

” .
between sample heights of Brood I trees (test 2) and between Brood I and Brood II -

. L4 (

cwy

trees (test 3). ’ -
' L
A
G M _QOF ME !
*| TEST | SOURCE OF VARIABILITY PEGEEEN OF 20UalEs | S&0Ares | r-RaTIO
1 Brood I “rees 1 » 0.1658 0.1658 2.11
Error ? 6§ 5.1845 0.0786 *
‘ q
- ‘ [ ]
L2 Sample heights 2 * 0.2693 0.1374 1.72
Errox 65 5.0811 0.0782 )
3 Brood I and Brood II trees 1 0.3396 0.3396 3.61
. Brror 74 ‘6.9665 0.0941 *

~ /
* significant at p<.05

16T
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Appendix D. One way analyses of variance comparing number of eggs per cm of length

of Dendroctonus simplex egg galleries betweeh Brood I sample trees (test 1), between
sample heights of Brood I .trees (test 2), between Brood I and Brood II trees (test 3) .

and. between galleries in Brood I trees and those in caged larch bolts (test 4).'

{ ¢ -

H

' DEGREES OF | SUM OF MEAN \
TEST SOURCE OF VARIABILITY FREEDOM SQUARES SQUARES .F RATIO ~
- -
1l Brood I trees 1 '1.3636 1.3636 17.01*
Error 184 14.7536 0.0802 U
( [ { .( - .
2 Sample heights 2 0.3341 0.1670 1.94
Error! 183 15.7831 0.0862 :
3 Brood I and Brood II trees 1 ©.0.2580 0.2580 3.33
Error . 234 18.1181 0.0774 )
4 Brood I trees and bolts i. 19.0673° 19.0673 203.22*
Error ’ 205 19.2344 0.0938 - \
- LY
* Significant at p<.05 !\ ,
— = -

6T
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Appendix E. One way analyses of'variance comparing number of eggs laid per

-

pair of-Dendroctonus simplex adults per gallery betwéen Brood I and Brood II

sample trees (test 1) and between Brood I sample trees and caged” larch bolts g

‘(test 2). ' {
! ) 2 |
. ~ . ‘ . !
4 _ DEGREES OF-| SUM OF | MEAN
TEST | 'SOURCE OF VARIABILITY -| FREEDOM SQUARES | SQWARES | P-RATIO
1 Brood' I and Brood II trees 1 Y 803 . 803 | . 17« :
Error ) 29 . 3276 113 "
2 Brood I trees and bolts 1 -1 10571 10571 18.05* {
\ Exror I D ] 25185 586 : \
* Significant at p< .05 ) . : . . . ’ .
¢ : T 9, e
.‘:“ - ‘ ‘

R
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Appehdix 'F, One way analyses of variance comparing Dendroctonus simplex brood.

density between Brood I sample trees (test 1), between sampig heights. of Brbod

] . X .
I trees (test~2), and between Brood I and Brood II trees (test 3).
/
t
. ] - DEGREES SUM OF | MEAN
< TEST SOURCE OF VARIATION FREEDOM quARES -1 SQUARES F-RATIO
1 - Brood I trees 1 1069 1069 3.36
Error y 166 52837 318 )
. ¢ 2 Sample heights - -2 600 300 0.93
| X Error - . 165 53306 323 : .
. . . L4 i ‘ . T ,
‘Tf\::i\\*\&\\\\\\ -3 Brood I and Brood II trees o1 26141 ‘ 26141 97.68*
- : | Error . .214 57270 - 268 *
- \ . \\ ! . s
- ' :

" * gignificant at p < .05 . JRTE . -

{ S

* b6l



Dendroctonus simplex. LY )
., - ) ’ 3
INSTAR SOURCE OF DEGREES OF ‘"SUM OF -MEAN SQUARES:* F-RATIO
VARIABILITY FREEDOM SQUARES |’ . ‘
Egg Tree Height 2 | o0.000031] 0.000016 - 0.02
Y} Error 93 : o.oq§997;”o;000720 :
Larva I Lree Height 2 | 0.00021 l)‘.OQOlO’ ‘ ' 0.05
Error 80 0.15251 | '0.00191 *
- . - B . - . Pl
Larva II | Tree Height 2 0.00187 0.00093 N 0.56
Errox 69 0.11421 { 0.00166 T "
Larva I1I1| Tree Heic_:;ht ' 2 .0.1541 0.0771 . 5.48%
: Error 51 0.7167- | 0.0141 \] e
. ’ Larva \IV Tree Height 2 0.3335 | 0.1668 N 5.05%*
o -0 Error - - 33 . 1.0894 0.0330
‘ Pupa Tree Height ' 2 3.\;03_80 0.0190 l' 46
Exror b 33 0.'4300. | 0.0130 :
3 ' ; T Significant at ps .05 - ' ) o }

$61
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Appendix H. One way analyses of variancq‘comparing,within instar mortality between

the two Brood I sample trges for Newfoundland field populations of Dendroctonus

simplex. '
~ SOURCE OF DEGREES OF | SUM OF MEAN F-RATIO
INSTAR VARIABILITY FREEDOM SQUARES ~ SQUARES '
. - . g ) ‘:3\
Egg yBrood I. trees 1 0.000244 0.000244 0.34
)Error 94 - 0.066784 0.000710 .
Larva I Brood I trees 1 0.00313 0.00313 1.69
' Error 81 .0.14959 0.00185 ) '
Larva II | Brood I trees 1 0.00521 0.00521 3.29 "
: Error 7 0.11086 0.00158 =T
Larva III| Brood T trees 1 10.1879 0.1879 14.30%
Error 52 0.6830 0.0131 :
Larva IV { Brood I trees 1 0.4018 0.4018 13.38%
' Error . - 34 1.0212 0.0300 "
Pupa Brood I trees ‘1 0.0956 0.0956 .73
Error . 34 "0.3725 0.0110 :
* Significant at p<..05" — -
} 3.
1
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Appendix I. One way analyses of variance comparing within.instaf mortality between

first and second broods in Newfoundland field populationé of Dendroctenus simpléx.

L7

= . - : K} . 4&
INSiAR SOURCE OF VARIABILITY DEGREES OF SUM OF MEAN ‘| P-RATIO
- FREEDOM SQUARES SQUARES
Egg First and second broods |@ .1 0.1628 0.1628 15 294
- Error . 129 . 1.3800 0.0107 s
Larva I | First and second broods 1 -} o0.0092 0.0092 2 68
: Error , 97 | 0.3341 0.0034 .
Larva II First and second broods | =~ 1 ~ 0.00003 0.00003 0.01
Error : . 85 0.17790 0.00209 - .
. . - - ' A ‘ 1 : .
Larva III | First and second broods v ‘1 "0.0214 || 0.0214 151
Errir. : | - 63 0.8926 0.1417 .
‘ -
Larva IV | First and second broods 1 X 0.0142 0.0142 5. 31
Error . 43 . 1.9899 0.0463 .
- 2 ' N ) . . _
Pupa First and second Broods 1 0.0315 0.0315 2.63
Error : _ . 44 . |. 0.5254 '-| 0.0119 :
* gignificant at p< .05 . l _ .
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