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ABSTRALT »

In laboratory feeding biocassays, Pissodes strobi adults discrimi-

nated betwhen preferred and non-host conifer species on the basis of

n

ciosg-range or contact chemoreception. In two-way choice bloassays both

sexes preferred to feed on Sitka sgpruce rather than western red cedar,
Pemales preferred Sitka sprure fo Douglas~fir, whereas males did not dis-

criminate between these two species. When presented either Sitka spruce -

D it

f
or one of the three non-host species alone, nowever, starved weevils of
poth sexes fed egually on Sitka spruce, Douglas-fir, and western hemlock.

Meither sex fed on.cedar, and weevils wei} seldom observed in contact
L4

with this spegfies. Bgth sexes preferred to feed orwwater-scaked Sitka

£

spruce sections rather than on those soaked in cedar exudate, suggesting . ..o

that cedar contains chemicai repellents and/or feediag deterrents.
tained feeding by ooth sexes on elderberry pith discs containing a 50 per
cent ethanol extract of S:tka spruce leader bark suggested that host bark

COntIIns Eee@znq sTimueiants. As only female P. strobi exhibited a con-

centration dependent feeding response, females may be more sensitive to

chemostimelants than ars paies.

Addivional feeding bicassays were conducted te examine the host
¥
ference of three distinct P. strodi populations reared from naturally-

|
4

13

4l

nfested leaders of three allopatric conifer species; eastern white pine,
p

Lo

i

ngelmann spruce, and Sitka spruce. Whereas each P, strobi population

{43

farled to discriminate hetwsen thess three native hosts in forced feeding

1
=8
[
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experiments, the resﬁlggpof three-way choice bioassays suggested that
eastern white pine is the ancestral host of both western P. strobi popu-

lations. Whereas P. strobi reared from eastern white pine preferred to

feed on its natural host rather than-on either of the western spruces, e -

P. strobi reared from Engelmann spruce did not discriminate between
. «

eastern white pine and its natural host, Engelmann spruce, but fed sig-

S

nificantly less on 5itka spruce. P. strobl reared from Sitka spruce,

i

- however, fed equally on all.three host species. These results suggested

that P. strobi has dispersed west across North America, adapting its .

host selection behaviour in turn to Engelmann spruce and then Sitka
. - . L

ks

spruce. The data suppdft the contention of Smith and Sugden (1969} that
the two western weevil populations are ecotypes of P. strobi Pegk rather

than distinct species.

Tl ER e T

Vision plays arn important role in initial orientation of over-

rwm—~~—~~w-wi&t&iedﬁpristzobimadaltsr;GF;@%entia%whestbeeniﬁersr;gaesu}tsgefviaber—mf—Wmff;ff4—5

AN

¥

a%ory 3;)entation e#periments using black cardboard silhouettes suggestgd
“that both sexes are predisposed to attack vertical or near-vertical

Sitka spruce leadefs that are approximately 3 cm in silhouette width and T ' ;
abc;e average in length. Field data confirmed éhat'both sexes selected
only the longer, larger-diameter host ieaée?%rfrom among the avaiiable
leader population. For brood hosts re-attacked the sécond year, stepwigg

discriminant analysis was performed on several host chaﬁﬁgté?istics-to

distinguish weevilled and unattacked iateral Branches in\host crowns.

The single most efficient lateral branch property to achieve ig cFassi-~

, ; ” . -
fication was lateral branch length. In conjunction with angular 4




- /—?/—/—"ﬁ

deviation from vertical, Bha midpoint diameter, 68.2 per cent of lateral -
branches were correctly’classified.

The selection of oviposition sites by gravid female P. strobi on

excised hogt leaders in the laboratory is governed by positive photo-
taxis and negative geotaxis. These mechanisms, however, .exert relatively

tittle influence on the selection of feeding sites, the position of which

may be largely determined by chemoreception. During the spring ovi-

position period, positive phototaxis appeafs to be the more predomiq;nt

'QripntationfresgeaseT1—Ei€her~mechanism“qione or both acting in concert,

e

can account for the oviposition pattern pfé;uced by P. strobi each spring

ya

" in the apical region of erect Sitka spruce leaders. ,}’

.2
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There be four things which are little

iy upon the eéxth, but they are exceeding wise:

The ants are a people not strong, YEt they

pyepare their meat in the summer;

The .conies are but a feeble folk, yet make
they their houses in the rocks;

- S

: : The locusts have no king, yet go fhey

L " forth all of them by baggg\k

e —~The spide{f—ta}eethr—rheldf—with;herﬁhaﬂﬁq, —

. and is in kings' palaces.
. : . { §

Y

[%

Praverbs @f Solomon 30:24-28
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leader, Fig. 31: Horizontal leader, Eig. 32: In- “

" verted, vertical leader, Fig. 33: Upright, vertical

lateral branch . . . . . . .. % . .. . . . . 74
Distributions of feeding and oviposition punctures S
produced by overwintered Pissodes strobi females on ' o
Sitka spruce leaders and lateral branches when pre-
sented a two-way choice of host materials oriented
in the position shown inside wooden, screened cages.
Fig. 34: Hbrizontal leader angd upright, vertical
lateral branch, Fig. 35: Upright, vertical leader :
and horizontal lateral branch, Fig. 36: Upright, : 3

. . . . . B - 1 ~ . .
4= £ 131 41 o
37-41. pistributionsof feeding and oviposition punctures

vertical leader and 45° off-vertical leader . . . . . 78

produced by overwintered Pissodes strobi females on . 3
Sitka spruce leaders oriented in the positions shown -
inside wooden, screengd cages. Cages covered in

black plastic except that side closest to light . 3

i
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- source - in experimentg 22 to 24. Fig. 37: Upright,
) vertical leader in darkened cagéT)Fig. 38: In-

Inverted, vertical leader with light stimulus 30"
cm below leader apex, Fig. 40: Horizontal leader
with light stimulus 30 cm beyond leader apex, Fig.
41: Upright, vertical leader with light stimulus
- 30 cm above leadir aPeX .« . - . . e e e e e
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INTRODUCTION

. I e . s - -

* Pissodes strobi Peck is a nearctio weevil species damaging to

the terminal shoot of young conifer regeneration, particﬁlarly eastern.

white pine, Pinus strobus L., Engelmann .spruce, PiCea‘ehgelhannii'Pérrv,,

*

and Sitka spruce, P. sitchensis (Boﬁg.) Carr. Following flight dispersalA

-

from previously attacked brood hosts (Overhulser 1973), females oviposit ¥

-

in May—andfea;iygiﬁne*in’fEEdiﬁg’cavitles excavated in the bark‘of

vigorous, one-year-old host leaders. The eggs hatch after about two
_ oF :

weeks, and the legless ‘larvae feed downwards within the cambial zone con- -
, -

suming phloem and cortical tissues (Belyea and Sullivan 1956;-Ste3enson
. =0 , 2

1967; Silver 1968). Concealed beneath the intact periderm, older larvae

eventually congregate to form a wnited feéding front or ring, which re-

sults in the .girdling and death of at least two, years' leader growth.

Leader etiolation and red needle discolouration are both indicative of

successful P. strobi attack on RQosts in the field by late July. Fourth-

inswar larvae may pupate within the pith of larger—diameter,leaderé, or
construct chip cocoons of sﬁredded wood fibres on the pitted surface of
Ithe xylem. New generaéibn adults of pP. stfbbi, which is‘univoltine,

emerge ffom desiccgted,'dead host leades in iqte August and early Sep-

tember, chewing exit -holes through the thin periderm. Pre-wintering

weevils feed in the living bark of the lower stem and lateral branches

of brood hosts until unfavourable weather forces the weevils to seek

shelter within the forest floor litter (Belyea and Sullivan 1956). In

x



-

‘the milder winter climate of the Pacific Northwest, P.

1

winter on hrood host lateral branches, feeding intermitteritly when

-

températures permit*(Gara et al. 1971;7MQMullen and Condrashoff -1973). - - -

. Considerable resources in both time and research effort have

3

strobi may over-

been allocated to thé’selectidh ofrhost conifers resistant to weeviiling

by P. strobi (Wright=and Gabriel 1959; Gerhold 1966; Conndla 1966;
. ’ , : Y . ,

E ]
'2Ibwler and Héimbq;ger 1969; Garrett 1923; Mitchell et al. 1974). These

' studies, fowever, lacked a fundamental appreciation of the weevil-host

interaction in*ferms of the factoxs that govern host susceptibilitw.

- e - -

N \ . - - . |
As a copseguenice, decisions pertaining to reforestation programs of

% . s,

susceptiible species cannot be ¥ooted in reliable sxperimental'evidence.'

3

\?hepreséht study

E

- N
T

“ steps in

ination; the role of vision in P. strobi orientation to potential hosts

- «

'follawing flight dispersal; and the role of-geotaxis and phototaxis in

=

the selection by female P. strobi of feeding‘hnd oviposition gites

within the microhébitat of single host leaders.

-

was designed to investigate several discrete
the host selection beéhaviour of P. strobi.s My broad objectives
: . T R . & U W

W4~‘E;mfwerertcpinvestigate:ﬁtheiroléWofWchemoreceptiogginwhostgspeciesgdi




3 - _

'RCLE .OF CHEMORECEPTION IN THE HOST SELECTION

-

BEHAVIOUR OF PISSODES STROBI

¥

In»the process of host selection in 3Fs Pacific Coast habitat,

o~ S - - i

P, strobl must d1scr1m1nate between 1ts natural host Sltka spruce and a

’unumber of c01ncident conifer species that inclugde Dpuglas—fir, Pseudotsuga

menziesii (Mirb.) -Franco, western hemlock, Tsuga heterophylla. (Raf.) Sarg.,

and western red €edar, Thuja plicata Donn. Although factors such as
. : -

vision and olfaction are implicated in the selection by P. strobi of .

Fa

1954; Silver?I$68y,ﬁultimate selection between potential host species is

" (Dethier 1954). This cldse-range perception would fall in the second,

larger=diameter;ieaders—ef—vigoreus—hostsfin4even'agedrstauds LKrféBéI

!

likely made on “basis of ‘chemical stimuli perce'ived at close range’

tbird, or possikbly foprth categories of Beck's (19653 four-phase phyto- -

phagous insect feediﬁ§ behaviour sequence: (1) host"plant’recognitiOn'and" o

* - —

i 7 -
——— —— L4

‘exists in the white plne weevil is indicated by flndlngs that .more bark

orlentatlon, (2) bitlng response, (3)‘maintenance‘of'feeding, and (4)

cessation of feeding followed by dispersal. That suchvdiscrimination

= ) o
feeding cavities were_ produced on 1ts preferred host P. strobus L., thah ’

on either of two alternate hosts, P.,banksiana Lambertsy and P.freSinosa —7;74

Ait. (Plank and Gerhold 1965). , ) g - , ‘ e

My objectives were: (1) to develop a simple laboratory feeding

preference biocassay for P. strobi, (2) to determlne the effect of host o

diameter on feedlng preference, and (3) to determlne the chemical basis

of host selection by P. strobl through choice and forced feedlng experi-

ments utilizing natural and~extracted host material.



- Methods and Materials - : - R

Pre-wintering weevils were collected in the laboratory in late

summer 1974 and 1975 following emergence from succéssfully attacked Sitka -

spruce leaders. These terminals had been field-collected in ldte July ~
and mid-August from three localities; the Kelsey Bay region of Vancouver
& . .
. -.Island, the Universityfof British Columbia Reseagch Forest, Maple Ridge, =

T - . *

lowing collection, the leaders were stored at 0 to 2°C and moved to room
temperature as new adult weevils were required. - o

I3

After emeréence, each weevil was isolated and sexed, and groups

’

of weevils were“held$in jats at O £0,2°C on Sitka sprucé'lateral branch

sections... Prior to each experiment, weevils were conditioned for 24 ™~
B - ,

. hours at 20 to 21°C with access to water (moist cottdn) but not food.

v

In both.forced and choice féeding experiments,..lateral branch o

o P . : o T
____sections were used. With one exception, all branch sections within an
) T ) EY N .

- experimeqy were of approximately edﬁal cross-sectionél diameter. Fresh
3 . . - " . ‘
3 or 4 cm sections of current or one-year-old lateral branches were used ‘ . i

r R

in each feeding bioassay. All. cut surfaces were”sealed with paraffin ... . . _ .. . ..

wax to preclude exéessive-releqse of host volatiles-and weevil feedin

B | I

}Pn exposed tissues. - - . .-

In all experiments, single weevils of eiEher’sex were exposed to
) 4 :
various test matérials or -stimgli. In contgast to other expe:imentg on, e

P. strobi’(Pkank and Gerhold 1965).kor:otheﬁ_insectsKsuch aéﬁScoly;gg

~ multistriatus Marsham (Loschiavo et al. 1963} in which groups of imsects -

were tested, use of a single insect per repliefte precludes interaction

#+ .

;
i
!



/

& : -

-

among beetles, and allows an assessment of individual capability and

variation in host discrimination within a population.

The experimental bioassay apparatus consisted of a 448 ml glass

e jar‘inverted'over a filter paper floor on which rested the horizontal =

test materials. ~As many as 80 individual assays in some experiments

were run simultaneously on a countertop in a laboratory maintained at

approximately 20 to 21°C. Within any bioassay series (e.g., 10 repli-
' 'Y

cates of individual females on Douglas-fir), the host material in each

apparatus‘was clippeﬂ from different treés. Therefore, each feeding '2

‘experiment incorpoigted maximum variability of bth inséct and host com-

ponents. During an expe;iment, the position of each weevil in the appa-

ratus was recorded periodically. These observations provided an

~ iﬁdication of the speed and éccﬁracy zf fiost plant recognition and
o:ientationir Feeding on each test material in the case of forced feeding. .

~
e

———— - —biloassays was assessed by counting feeding punctures in the bark and by-
weighing the fécal material produced over the 24-hour test interval.

The total number of feeding cavities produced on a lateral branch is a -
( . . - & -

- X .
measure of the biting response that initiates feeding on a potential
host. Maintenance-ef feeding activity involves actual food intake and

,. -'_' . - - = .- - \
was hypothesized to be cor@e;ated more closely with the weight of feces %

_ - "1' “"?;_ E. -
produced. In most choice fgeding bioassays, only the number ;of puncturé% -

produced on each lateral sé&dtion was counted.

<5

Preferencé of P. strobi for larger- or sméilér-diameterilateral

branches was assessed in a choice experiment... In each of.10 replicates

for each sex, the larger-diameter branch sgftion was cut from the base



wd . T

teral of the current year, whereas the smaller- -

diameter section was-cut from the tip of the same lateral. 1In this

‘manner, differences in chemical composition and physical parameters such

as bark texturs and needle distribution within a replicate were minimized.

Feeding behaviour by pre-wintering P. strobi on Sitka spruce and

A

#ther Pacific Coast conifers, Douglas-fir, western hemlock, and western R

-

red cedar was determined by exposing a weevil fo_a single-host-er-nen

o o
"host lateral section £ 24 hours. Two expefXiments were conducted, the
%4 SRR ; ol M

-

first replicated five times and the second 10 times for each sex and

&« )
A}

conifer spec1es.' Visual observation of weevil position and determination
of feces weight were carried out only in the second 10 replicate experi-

ment, Analysis of vatiance (ANOVA) was performed on the féeding puncture
, y 7 e v . » .

data of the combined 15 replicates and also on the feces weight data

obtainea in the 16 replicate experiment. '

The ability of pré-é;;;friﬁgvb. strobi adults to discriminate

between host and non-host conifer species was assessed by exposing ‘single

weevils to-a.two-way choice of host laterals, one of which was always

- -
.

Sitka spruce, and the other either Douglas-fir, western hemlock, or B

. Y .

western red cedar. The choice of lateral sections was usually between
material of the same age, i.e., both were current-year or one-year-old
%

laterals. '~ However, to satisfy equal cross-sectional diameter require-

ments, it was sometimes'necessary to pair one-year-old Douglas-fir ox

wostern hemlocklaterals withcurrent=year Sitka spruce materials. The
- - A d -

choice experiment involved 10 replicates for each sex and host choice

combination.

A
L3
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- — /
The hypothesis that western red cedar contains a repgllent‘and/or
) P o v N :

¥
a feeding deterrent for P. s®robi was investigated by utilizing a ceda

ch exudate. This exudate was obtained by pressing lateral branches (strippe
r BN <

x

"of scale-like leaves) in a lSltj: hydraulic press. A clear amber liquid ~~ —- -

was obtained following filtratidh to remove particulate magter from the ~
P ~ l -
- exudate. Control branch sections were soaked in tap watelixfor four days,
: ' ' &g

and the experimental sections in the filtered exudate for an equal dura-

tion. Adjacent 3 cm sections from current-year Sitka spruce’ branches

were

sed as the control .and experimental host material in each replicate.

This procedure minimized possible differences in chemical composition and
physical parameters (e.g., branch diameter) between experimental and con-

- trol sections. Following immersion, the paired sectidnS‘were‘air-dried
-on cheesecloth prior to use in the biocassay. The two-way choice experi-
‘ﬁ‘ . - . .

ment comprised 1l- replicates for each sex.

-

~_

was further determined through extraction and bioassay procedures.  In
o

"~ _early spring 1975, unéttackeé/S{Eia spruge leaflers were collected from

¥

the District of Mission ggﬂjeipal Forest, and stri ped of all needles

{ : _

and the terminal bud. The bark tissue waé peeled from the{iylem and
' ' Y

-~

immediately extracted with 50 per cent ethanol in a blender for 15 min-

utes. Following wacuum filtration, the reddish solution was tested* for

v

feeding stimulant activity at three concentrations: 0.185, 0.093, and

. '"ﬂﬁ'Thé”ﬁaiﬁréwaf'EhéﬁiEélih6§£"§éléCEIGﬁhfaétﬁfggiﬁfsitka”SPIUCQW"Wm"”7W7W'W”'

0.046 gram equivalents of fresh bark tissue.

* , )
¥ In this bioassay only, overwintered P. strobi adults collected
from Sitka spruce leaders in early spring 1975, were used rather than
pre-wintering weevils. . : %



’/ fv '7 ; »7 ' 8

. thick and 12 mm in diameter) were placed inside and flush with therriﬁr<

o

Norris aﬁd Baker 1967), elderberry pith discs were used as the inert sub-

As in similar experiments with other insects (Loschiavo 1965;

- s

strate in which the extracts were tested. Pith discs (approximately 3 mm

of small, plastic vial caps. Approximatel 0.075 ml of the 50 per cent

ethanolic extract were added to the expdrimental discs and an equivalent

amount of 50 per cent ethanol to the coné?ol discs. Each experimental
{ i g .
apparatus consisted of a plastic petri dish inverted over a filter paper

7 , .

floor onﬁwhichAregtedgthe;experimental.andﬁcontrolfplastickcaps17*A
. J - » ’
single weevil of either sex was used per teplicate, and its position in .

> .

the apparatus recorded at five or 10 minute intervals until feeding

actimvity subsided. -Ten replitates were used for each sex and for each *
';’ I *
stimulus concentration.
. - o ’
- PResults S
. " ¢
Effect of Host Diameter on Feeding Rate C é .

- Both sexes of P. strabi preferred to feed on larger-diameter
Sitka spruce lateral branch sections (t-test, P<0.05). Following their

relegse on the filter paper floor of the apparatus, the majority of

weevils oriented to the larger-diameter spruce Sections‘éﬁily in the

-

experiment (Figs. 1, 2). Females produced a mean of 4.3 feeding punctures

on host sections 5.2%0.9 mm in diafieter, whereas a mean of 0.5 feeding -

- P v

cavities were initiated on smaller-diameter host sections 3.9£0.9 mm in

Cross tiomn. produced a mean of 4.7 feeding punctures on

b .

Sitka spruce sections 5.3%1.0 mm in diameter, whereas 'a mean of 1.6 feed-

-

in%if?nctureé were produced on smaller-diameter spruce SeCt7€;§ 3.9+0.8 mm R
/!



L

Figs. 1, 2. Position of._pre-wintering Pissodes strobi

adults over 24-hour period when presented a choice of

different diameter, 3 cm sections from the same, curregt-

year lateral branch of Sitka spruce. One weevil per

replicate; 10 replicates for each sex and choice combi-
nation

Y
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I

E4

in cross—-section. Ninety per cent of both male and female P,,strobi'fed,

on larger-diameter host sections at some time during the 24-hour test.

.

Feeding on Host and Non-host Species

~

ANOVA of the forced feeding results indicated a significant host

» N .

effect. P. strobi produced significantly more feeding punctures on both
. A , :

Sitka spruce and Douglas-fir than on western hemlock, and significantly
: - .

more feeding cavities on the 1attef’species than oarwestern red cedar
*» ¥

(Tabfe 1). ' ’ _ L

The ANOVA based on feces weights indicated that P. strobi fed

- equally on-Sitka spruce, Douglas-fir, and western hemlock, but fed sig-

-
* ’ - -

-

.nificantly less on western rif/pedax;;Table I). _
* Although the weevils oriented fairly rapidly to Sitka spﬁfféﬁ

Douglas-fir, and western hemlock (Figs. 3-8), neither sex exhibited

‘marked orientation to western-red-cedar-(Figs+—9%—10)o— —

Feeding Preference between Host and Non-host Species

Females preferred to feed on Sitka spruce -in all species compar-

isons, whereas male P. strobi failed to distinguish between Sitka spruce
Y . S
and Douglas-fir (Table II). The weevils made an early and distinct

I3

X
; /

Bioassay Egtgf§;é' ed Cedar for~RepelledEs
and/or Feédihg erpyents -

Both sexeé\gérP; 5trobi preferred to feed on the water-socaked
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. Table I. Feedlng q£t1v1ty of pre—w1nter1ng Plssodes strobi adults when > - -
presented with 4 cm sections of host or non-host lateral branches for ST
24 hours. One.weevil per replicate. Feeding puncture data and feces
weight data based on 15 and 10 replicates for each sex and conifer

spec1es respectlvely

- ¢

v - . Mean number of feeding \ Mean weight of feces
punctures produced per - pyoduced per weevil ‘ '
Conifer Species N ] weev1l i (mg) )
Females ota‘rk;‘mtgéi‘?em. : alesTotard .
Sitka gpruce 3.5 4.3 3.9a 0.166 E 0.204 0.185a
. Douglas-fir 2.9 4’3’ 3.6a 0.080  0.226  0.153a
Western hemlock 2.0 2.3 2.2 0.175 0.219 0.197a
B - A . . -
Western red cedar 0.1 0.3 0.2c o _ 0 Ob
— = L p g 7 — P — ,‘ : p— p—— -

-5

1
Means in a column followed by the same léiter not 51gn1f1can5}y
different (Newman—Keuls, P<0.05).

¢

-
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Figs. 3-10. Number of pre-wintering Pissodes strobi adults

on 4 cm lateral branch sections of four conifer species pre-

sented singly c;iver a 24-hour period. One weevil per repli-
cate; 10 replicates for each- sex and conifer species .

,::;{7 — — ’ o =

O o P
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Table IT. Feedlng response of pre-wintering Pissodes strobl adults-when .
presented a choice of cm sections of host and non-host lateral branches
for 24 hours. One,weev171 er repllcate, 10 repllcates for each sex and
- " two~choice combination
. No. of weevils B ;
Choice of ’ . Y o __Mean no. feeding
tree species o - feeding at ‘some unctures/weevill,2
ree sp time .on either species P T
v ' —— B
~_Females
Sitka spruce - 8 - _ 6.1
Douglas~-fir. ' 2 L 7 Colax e
Sitka spruce e T 7 < , 6.3
T~ S b - - ] -
Western hemlock 1 . _ 0.7* -
. 3
Sitka spruce : 9 7.0
. AT
Western red cedar 0 _0*
g - Males
Sitka spruce ‘ o 8- : 4.6
Douglas-fir - 5 ) ' 2.6
< Sitka spruce- - - - ' - 6.4 -~
Western hemlock . . 4 ° 1.4%
. Sitka spruce 10 - o 1 6.0
* . .
Western red cedar 0 _ B o*

lEach mean calculated by dividing value for each host choice by

the total number of surviving weev1ls.

. , :
4f4444444"*"""""t=test‘significancE‘1eve1s‘between‘paired‘mQHHST‘*TP<ﬁTﬁITT“*

3Weevil d{ed during 24-hour test. Replicate discounted.

»
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-Figs. 11-16. Position of pre-wintering Pissodes strobi

adults over 24-hotir period when presented a choice of 3

cm lateral branch sections of Sitka spruce and one of

three non-host species. One weevil per  replicate; 10
replicates for each sex and choice combination
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Sitka spruce lateral sections rather- than on host sections-soaked-in; - - oo

cedar exudate, although this difference in.feeding rates--was not siéhif- ‘ r

¥ . » .
- icant for males (Table III). Up to four individuals.-of either sex were

. ) : x ' = 3 .- .
in contact with the exudate-treated sections at some time in the experi-

ment, and a low contact rate persistgda;broughéut the test (Figs. 17£718), .

Moreover, although not all weevils in_contact with exudate-treated sec-. - =«
- E T

. . . .
tions initiated test punctures, the production of feces by malez that
. L. 4 - .
S if did not feed on untreated sections (Table III) indicates that food inges-

. | oy

tion did occur once a weevil had initiated.jzfest punctu@e on an exudate-

. ‘ A . L
gated' section. ’ o s
Bioassay of Extracts Prepared from Sitka Spruce Bark
Although fhe feeding response was variable (Table IV), signifi- |
cantly more female P. strobi fed longer on pith dfﬁcsrggntainiqg7§§§VLb~ §
- -

~— —~~—highest concentration of spruce bark extract than on the solvent=treated -
controls (xz, P<0.025). The number of females feeding on extracts of

lower concentrations was not significantly different from the number of -

i
L
|
|
Y R

P. strobi feeding at some time on control discs. However, with decreas-

ing concentration of the 50 per cent ethanol extract, the number of

Qe e Had b s d B o

females feeding on extract-treated discs decreased, but remained comsis-

tently grﬁﬁter than tﬁeupumber feeding orf the solvent controls (Tablé,lv)f*i

M

In addition, feeding duration per female decreased with decreééing con-

centration of the Sitka ‘spruce leader bark éxtraqti”:The feeding duration

of male P. strobi indicated a cohsistent low level feeding response to

’

the Sitka spruce bark extract that did not appear-to be concentration

dependent (Table 1IV). - ; "
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Table III. Feedlng response. oflpre—w1nter1ng Plssodes strobi adults when
presented a choice of 3 cm sections of current-year Sitka spruce lateral
branches soaked for four days 1n,western red tedar exudate or sections
soaked for an equal duration in tap water.  One weevil per replicate; 11
replicates for each sex and choice combination ;

T TP dﬁevilsffeedin - Mean- no- cMeam wt.o T
Treatment of . g . . -

at some time on feeding punc- feces/weevil
host laterals . . i1, 2 1,2

eijther section tures/weevili-s (mg) +r

1Each mean calculated by dividing value for each host ch01ce by
the total number of weevils.

2 .. : .
t-test significance levels between paired means:

¥ 3
B F e males , .
" ) l!f
Water-soaked , : 9 4.6 0!54%
Cedar exudate-soaked 13 : 0.4* 0.016* |
Males ’ -
23
Wateg-soaked 8 4.5 0.220
Cedar exudate-soaked 23 1.5 0.060

* (P<0.01) . L

473fﬁéﬁéiﬂ§ié“f§ﬁéiéw§r6ahced punctures on both lateral sectiOns.
Total feces weight in this replicatg was divided in the proportion‘ that
punctures were produced on each host lateral section. The two males
each fed on only one section. ) ) ‘

AT
1

\
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Figs. 17, 18. Position of pre-wintering Pissodes strobi
adults over 24-hour period when presented a choice of 3 cm =
sections of current-year Sitka spruce lateral brianches _ k!
soaked for four days in western red cedar exudate, or sec- ;
- tions scaked for an equal duration in water. Ong weevil 2
per replicate; 11 replicates for each sex and choice com- M
bination . ’ L 2
A
- . . j;
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i
i
— - 3
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,"(\'




21

TR AR v b o it et o

s h ._
m © SHNOH NI 3wy |
ve 61 1 G £ 4 3 ..4. vw 6L L1 G
,Il\.l T W T T ~ J“I.d T J\\’.
S ( # ‘o
Rt Y y . o llv l-l-'
T e AN TS ,.t.
Omam .-'-l.oo' 4«.'.\\ » (/Q.o N | \\\ - / »
N, b I %’y .€~;.o, o o W
'90 [} \ .
N 11T ) \

<;
L
\§

01 v \ : o¥e] @ ,,Lop
H - '

wco;omw YOURIQ UO JON ———mmme -

| R it | 7

. 9onids eyys PIYBOS-31BPNXS JEPAD|U) semsemsmmsn
7 82% mf_m_x.xmofem;collll

STIAIIM 40 HIFWNN



22

Table IV.

Feeding response of overwintered Pissodes strobi when pre-

sented a choice of 50 per cent ethanol extract of Sitka spruce leader
bark or a solvent control, both solutions applied to elderberry pith
discs. One weevil per replicate; 10 replicates for each sex ‘and stimulus

concentration

1

Stimulus

Concentration

No. weevils feedihg
at some time on
. either stimulus

Mean feeding |

duration/feeding
weevil (min.)

“Females

‘spruce.

" ssl bark extract 0.185 g.equiv. 10 53.5 4.
~ 50% ethanol 0.075 ml \f" 1 10.0
38 bark extract 0.093 g.equiv. <7 27.1
50% ethanol 0.075 ml 2 20.0
/ -
SS bark extract 0:046 g.equiv. 6 6.7
50% ethanol 0.075 ml 3 16.7
Males
o "~ SS bark extract  0.185 g.equiv. 5 - -~ 25.0 . -
i 50% ethanol 0.075 ml 3 23.3
| ‘ /
SS bark extract 0.093 g.equiv. 5 34.0 ’
3 50% ethanol 0.075 ml 1 15.0
5SS bark extract 0.046 g.equiv. 5 23.0
- 50% ethanol - 0.075 ml o - 0]
Iss = sitka ’
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Discussgion . -
- :

Effect of Host Diameter on Feeding Behaviour .

Since chemical differences’ between paired Sitka spruce lateral

sections of different diameter %g}e minimalr-Pi;Strobi likely expressed

a true visual response that determines initial'éfigptation to the larger-

diameter host. This hypothesis is supported by théféﬁééfﬁéfion'that“the

S/ ) majority of weevils orient to the larger-diameter hoét_sgctions’early in

. _ the experiment (Figs. 1, 2). After the initial choige had been made, 10
o ' e ad : ’

transfers to the alternate host section were observed (five in each

direction) involving 35 per cent of the adults.

The orientation to and subsequent feeding preference for larger-

.

‘diameter host material is -of adaptive significance to P. strobi in host
) selection. The volume of the feeding cavities excavated by P. strobi on

B 7SitkaA§pruce'is\related to both the bark thickness and the diStribution{

of cortical resin ducts, as the weevils will avoid rupturing the epithe-
i ) - .
« lial cells,surrounding the resin canals (Overhulser 1973). Should it be

impossible for the weevil to feedﬂarouhd a resin duct, the feeding ,

- —

\\; cavity is abandoned. It is known that thinner bark (Kriebel 1954) and.
shallow resin ducts (Stroh and Gerhold 1965) are resistance factors in
\

; white pine weevil attack on P. strobus. Both factors result in fewer,

feeding punctures. In smaller-diameter, thin;parked host material, the

AN ; .
Iikelihood of a feeding weevil contacting an-outdide or inside resin .
AAA‘A&ﬁetﬁisggreatef7;éue4simplygtogreducedgiadialgdisﬁancegbgzgeen3canals.

. s - T8,
In addition, oviposition behaviour is also adversely affected on thin-

barked host material. Oviposition in spring follows the excavation of

]



$

/;? suitable feeding cavities that must be of suffiC{ent depth to acgommo-
date the ovoid eygs.. Sullivan (1961) indicated that-host bark-thinner

than about 0.8 mm is likely unsuitable for the depositidﬁ\of eggs which
average 0.8 by 0.5 mm. Both feeding and oviposition bqﬁ.viou:, therefore,

.

are favoured on larger-diameter host material likely to have thicker bark.

.

These results also indicate that in.any choice bioassays; lateral

on the basis of diameter.

¥

S — —Feeding—omﬂos%@dfﬁen—hesﬁgsgeeiev&if*

»
¥
[

#
The sustaiffed feeding by 'P., strobi on two non-host species,
Douglas-fir and western hemlock: (Table I), was somewhat unexpected. How-

evgi, the wide host range of P. strobi suggests that several non-host-

-

species have some of the requisite host characteristics to induce host-

positive feeding behaviohr in the absence of an‘established host. 'Fhis

7Wﬁy§é£hééisris gﬁbéortééwbiﬂghé rea&iﬁ;ss of the white pine weeviirﬁb féea
on western white pine, Pinus monticoia Dougl. (Soles et al. 1970) {n the
laboratory although the 5peéies is not an aéceptable host uﬁdér more
natural field conditions.
| Whereas P. strobi oriented fairly rapidly to Sitkarsp;uce,
Douglas-fir, and western hemlock kFigs. 3-8), neither sex exhibited
, marked orientatidh to (Figs. 9, ld) or sustained feeding on western red -
cedar (Tabie I). In some instances, hunger«abparently induced thé_

R j )
N\ weevils to attempt test punctures, but lack of feces production indicated

~ ' i - l/
\1§2k of food intake (Table I). More test punctures were observed on the.

filter paper floor of the apparatus containing westexn red cedar than
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other conifer species, sugges¥ing that this species ié‘repellent eveén to

starved weevils deprived of food for 247hours. » 7 -

Feeding Preference Between Host ahd Non-host Speciés

S

When given a choice, female P. ‘strobi can discriminate among four

. . i
common conifer species in its Pacific coast habitat, whereas males do not

distinguish between Sitka spruce and Douglas-fir (Tablé II).. Choice feed-

,uspeciesTuJOlfaeterygandggustaterygehemOfeception~are4impiicated4in*iue

ing bioassays suggest that“ﬂ%stern red cedar emits volatile repellents
that block host recbgnition and preggﬁt'initial orientation to this

©

1.-

-
» -

rejection of western red cedar. Weevils are rarely found in contact with
: . - ) ' ' v .
it (Figs. 11, 12), and do not attempt test feeding punctures (Table II),

suggesting repellendy. However, in forced feeding bioassaYs, the lack

of sustained feeding qfter test punctures havevbeen madé (lQple I) indi-

cates gustatory chemoreception. followed by rejection of western red cedar

as a host.

° Sitka spruce, on the other hand, is attractive to P. strobi such
thaf the full co;pleﬁént of fegding behaviour is repeated cyciicaily.
Chemical stimulants presentiin the bark apparently promote sustained feed-
ing on this species. It can be inferred fromyfhe]data th;ENBbﬁp Douglas-
f{r and western hemlock contain feeding stimulants ip less than optimal |

concentrations. In the absence of more suitable host material (i.e.,

Sitka spruce), hunger likely promotes continued feeding of starved.

weevils. It is not known, however, whether Douglas-fir and western hem-

lock contain the nutritive factors required for long-term weevil mginten-

ance and reproduction. .




.Bioassay of Western Red Cedar for Repellents

‘and/or Feedlng Deterrents’

The bioassay results clearly 1nd1cate that the largely aqueous

-

western red cedar exudate contalns compounds that convert' an acceptable

1\

’host to one that is unacceptable (Table III). Reduced feedlng by the

s1ngle female *that fed on the exudate treated sectlon sufjgests that feed-

ing deterrents are present. The two males that ted on exudate~treated

A

sections showed intermediate—feeding rates relative to\controls; .-In

addition, constituents from cedar apparently stlmulated 1ncreased loco--

motor activity. Elghty per cent of the females and 30 per cent of the

males moved at least once from the host lateral section 1n1t1a;ly,chosen,

N
5,

the highest’transfer rate recorded in any experiment. \
The nature of the active components in western red cedar is\not

known. ' However, the species contains water-soluble organic tropolones\

.

The possibility of naturally occurring guinones such as juglone,'a feed- ,\\

<.
ing deterrent‘for S. multistriatus in the bark of Carya ovata (Mill.) K. =

- Koch (Gilbert et al. 1967) should alsc be considered. Such compounds

-
¥

are considered to act by blocking sulfhydryl groups on receptor neuron
membrane proteins (Norris €t al. 1970). The isolation and identification
of feeding repellents and deterrents for P. strobi fiom‘western red cedar

could lead to their use in pest management, by preventing feeding and

-

andphenolicsofknownantibioticactivity(BartonandMacDonaldl9ll).\\\

P

oviposition on susceptible hosts until Ffitical seasonal and phenoclogical

e
AN

periods had passed.
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Bioassay of Extracts Prepared from Sitka Spruce Bark

>

Weevil feeding response to the 50 per cent ethanol extracts of

» L 3
.

Sitka spruce leader bark (Table IV) suggests that host compounds which -

A ' i
are soluble in a polar solvent act as feeding stimulants for P. strobi.
. - M . Fa

Female feeding response appears te be concentration dependent, whereas o

mates &efnot*demenétfa%emaﬂ*inérease4inw£eediag*duEatian#withwinezeasinguwmmmmm_ué

L= -

concentration of the spruce bark extract.

‘Refinement of both extraction methods and biocassay techniques may

_ which chemoreception plays a pivotal role.

allow the isolation and subsequert identification of feeding stimulants

for P. strobi. Knowledge of the key compounds'éould be applied to such

'pﬁrsﬁits as the selection of resistant provenances which produce them in

suboptimal concentrations. = -

In summary, host selection in]P. strobi is a complex process in

.

mediate long-range orientation of P. strqobi potential host trees
. ¥ J

remain undefined, results of the hos;,diamﬁker experiments suggest vision

as a poténtially fertile area of furgher research. . Close-range discrimi-:

nation between tree species involves olfaction and contact chemoreception.
Repellent'cbmpounds and/or feeding deterrents rén&é{ western red cedar an

unacceptable host, whereas Sitka spruce bark cpntains optimal concentra-
. { .
.

tions of compounds that promote sustained feeding activityQ Under appro-

Although the‘mechaniSI}[S that

\

priate physical conditions, these saffe compounds may also release ovi-

position behaviour in P. strobi.
constitute a behavioural continuum that is subject to physical, chemical,

and environmental input at various stages of the host selectionrsequencé.

Feeding‘and‘ovipbsitiohgmay*thereforEAgggggg*gggf
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The results suggest thét female P. strobi respond more sensi-

tively than males to active compounds present in. both western red cedar
[ .
and Sitka spruce. In addition,\only,female FP. strobi discriminate be-

tween the preferred host, Sitka spruce, and Douglas~fir in choice

experiments. Female weevils may therefore be more instrumental in host
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THREE NATIVE HOSTS*

HOST PREFERENCE OF PISS@DES STROBI REARED FROM.

. -
‘from the leading shoot of "We u

eymou

The white pine weevil, P. strobi, is a species first described
.

th piﬂe,"'PiHUSféffobué (Beck 1817) .

Currently recognized as a major pest throughout the range of eastern

white pine (Fig. 19) from the Atlantic. Coast to south-eastern Manitoba,

the weevil has been instrumental in the curtailment bﬁ:reforestation pro-

grams (Belyea and Sullivan 1956). Two westé;n weevil populations thétr

EZR

are damaging to Engelmann spruce, P. engelmannii regeneration (Fig. 19) .-~ N
in the interior mountains (Stevenson 1967), anqito%sitka’épfﬁce, p.

sitchensis plantations (Fig. 19) Onﬂthﬁ Pacific Coast (Silver 1968),
‘ o
host selection principle.

were both accorded species status by Hopkins (1911) on the basis of his

The behavioural ecology of the three weevil populations on their . .
Stevenson 1967; Silver 1968).

“respective hosts is essentially identical (Belyea and Sullivan 19

56;
»

Manna and Smith (1959) and Smith (1962) were unable to distinguish
Hopkins' (1911) species engelmanni and sitchensis from P. strobi on

]

In studies on the taxonomic status_of‘the genus Pissodes Germar,

basis of morphological or cytogenetic .evidence. . Accordingly, Smith and

Sugden, (1969) concluded that the two western weévil,populatiens were in
fact gquraphic-races or ecotypes of P. strobi.
N .

1~ +1 g  q C I P P g o
Ton, the Tthree weevlii populatlions dre i1aentiried Dy

the host from which they emerged as follows: from eastern white pine (ex
I

P -
EWP), from Engelmann spruce (ex ES), from Sitka spruce (ex §S).
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Fig. 19. Geographical distribution {from Fowells 1965) of

three preferred host conifers of three pissodes strobi

populations. Collection sites of weevilled leaders of
each of the three host species are indicated



EASTERN WHITE PINE
| Bl ENGELMANN SPRUCE
 HMsmaA sPRUCE
Collection sites of
weevilled. leaders



. T - " Table V iists'the host trees. that are commonly reportegd for-the

° three P. sﬁrabiwpopulatibns,(Belyéa and Sullivan 1956; Stevenson 1967; -

', Smith and Sugden 1969; Mitchell et al. 1974). A&ll re

rted host species
possess vigorous erect terminals. * ‘ . 7
My objectives were: (1) to. test the host specificity of the three
’ " |-
. i - ) - . s Lo

e e

e yeevil populations_on-each of the three preferred natural hosts using

~“forced. and choice feeding bioassays, ard (2) to assess the r

-
L3

of theirrfeedingfpreferences relative to P. strobi.

- .
. PR [

LY A . - &

- Methods and Materials

Newrgeneration adult weevils were reared from natugally-infested
host material as described in Méthods and ‘Materials on page 4.  Infested

. Sitka .spruce leaders were collected in mideuLy L975,W§ropwtprggm;9g§1i:

-

tles- ‘the Kelsey Bay region of ‘northern Vancouver Island, tne University
: of British Columbia”Research Forest, Maple Ridge, B.C., and the Dist;ict

N of Mi;sion Muniéiéal Foresf,’MiSsidn,'ﬁ.C. 'Weevilled'Engelmapn'sprgce
leaders were coilected in late g;gust from natural regéﬁeratiéﬁ in

- . 2

.

collected frpm plantations and natural regeneration in several south-

eastern Ontario localities. Collection sites are indicated in Fig. 19.

=

B

6wing to the proximity of the Maple Ridge’and Mission, B.C. sites, how- .

Kootenay National Park, B.C: Infested eastern white pine terminals were

A Y

fj ‘

. : ever, a 51ngle trlangle denotes these two collection areas of weevilled"
ﬁﬂ

»

Sitka spruce leaders. 4

For both the forced and- ch01ce\&eed1ng experlments the methods

= & s A

=, and evaluatlon procedures descrlbed ;n Methods and Materlals -0On pages
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. } : o popnlatlons of Plssodes strobi
o ‘ Host s cies P. strobi P. strobi P. strobi-
. o ) pe (ex EWP) (ex BS) _  {ex SS)
, L e : ] 1 )
. ... Pipus strobu$ L. : . .« . X ., .
) ) 2 . oo ‘ :
P. sylvestris L. , . , X
P. banksiana Lamb. S x
B P resinosa-Aits i X
pP. iigida Mill. ' , X g
o P. pung_énsLaxiﬂm s , ' x
P. contorta Dougl. ' E x T 3
Picea abies (i,.) Karst.2 . X - ’ ;xp,,f,,_,_.kﬂf%i#'r"ﬁ T
7 ?‘ - - - - . ‘, . ,‘_im _:“’ 7_
i pP."glauca (Moench) Voss = = ) ' . N ¢ X
p. mqriana' (Mill.) BSP . : X x X
P. pungens .Engelm. ) ' X ' x - , X
L sara. B 5 . . T niiEe
P. sitchensis (Bong.) Carr : X
. P. epg&lmann.u Parry . : : x
p. glauca (Moench} Voss 3 , L o N
albertiapa (S. Brown) Sarg. 7 ' ' X '
) picea-x lutzii Littie? o s x
- - N
1 > R
Y - “Preferred natural host species.
2 . . -
Exotic species.
. 4 .
“Natural hybrid between P. engelmannii and P. glauca. — :
4 T . . . . .
mm—mtm.—srtchensrs—aﬂ“-—giaﬂea. 7 .
- -’

I




4 to 6 were utilized, except for modifications as noted. Current-year

Sitka spruce and eastern white pine lateral branches were obtained from

B

plantations in the University of British Columbia Research Forest, Maple
Ridge, B.C. Engelmann spruce lateral br;i:bes were clipped from natural e

,regeneratioh in Manning Provincial Park, B.C. and the Merritt region of

interior British,Columbia. The branches were brought to thevlaboratory, R

P4 -

the day of collection, and stored. at OtodoC All-biocassays - Were—eop—————————r————-—

-

ducted within one to two days of field collection of the lateral branches.

v

In the forced feeding bioassays, individual weevils were pre—'

sented a single lateral branch section of one of the three preferred .
. , ‘ Lo

natural hosts. These experiments were conducted on three»diffeient days

over a three-week period in September to October 1975. 'On each day, four

replicates® for each sex.of each weevil populétion on each of the three

host species, Pinus strobus, Picea engelmannii, and P. sitchensis, were

‘compieted. Eac~;rep}icéte tested a lateral branch section from a dif-

ferent tree, such that variability in the host-insect intergption was 5
_ ) - i

maximized. After 24 hours, the feeding punctures initiated'p; each host %
;éteral branch séction were counted, and;the wéight of feces éetérmined‘ A ;!g
for each replicate. | | k
In the choice feeding bioassays, each weevil was présentéd a i

choice of three, 4 cm lateral b;anch se?tions, one each of eastern wﬁite %

' pine, Engelmann spruce and Sitka spruce. Each replicate consisted of

— & 448 mi glass jar inverted over a filter paper floor on which Ieétéd,., o L =
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g

18 replicates were completedibn 16 October, and an additional 12 repli-

i

cates on 8 December 1975. At inhg;vals,during the choice Bicassays, the
; ) .

position of each weevil in the apparatus was recorded. After 24 hours,

counted. -
£

In the forced feeding bioassays, analysié of variance (ANOVKY?WS?“‘

performed on both the feeding puncture and feces weight data. Separate

ANOVA on the number of feeding punctures initiated on each host species

-8

in the 16 October and 8 December choice bioassays indicated that differ-

8

ences between groups were not Significant. Therefore, the feeding puné— R
>tween groups yere not Sign :

ture data for all 30 replicates were combined in a single multivariate
analysis of variance (MANOVA) using the numbers of feeding punctures pro-

duced on each of the three host species as variables. H§pothesis_(H)

* .

and error (E) cross-product matrices were calculated using combuter pro-

- gram BMD12V. Greatest characteristic roots of each HE > matrix were

determined using computer program SFU-EIGENP. Critical values were subse-

. "guently calculated and compared to Heck Charts. -After carrying out a

-

Profile Analysis, multiple comparisons were made to determine significant

differences between numbers of feeding punctures produced by each weevil
population on each of the three host conifer species (Harris 1975,
Morrison 1976).

H

To assess one population variable which may have influenced ob-

served differences in féediﬁg rates, 25 weevils of each sex of eéchhweevil

population were yeighéd on 2 February~i976. Prior to weighing, all\\\

b >
weevils had been maintained at 2°C on lateral branch sections of their



. L ' , - 3%

respective natural hosSts. ¢An analysis of -variance was performed on the

‘\\\\)\:\ \\ N - ’ =
. i — - %
T SO

- SORRE N o - Results :
- ————————— e T

body weight data.

> All three P. strobi populations initiated shallow and deep batk-

punétures on eastern wHite pine, in addition to feeding cavities in the

2

“

needles, needle fascicles and needle"traces of this host. On both spruce

- species, however, nearly all feeding puncturesvwere deeper bark cavities

inif%ated on the sterigmatal ridges, and needle punctures were rarely

[§]

observed. This between—host variability_in the location and depth of . k
feeding punctures may be related to the depfh of inside and outside cor-
tical resin canals (Stroh and Gerhold 1965). Since eastern white pine

resin is repellent Eo P. strobi (Anderson and Fisher 1956), shallow punc-

CRREERY

' tures contacting the resin ducts may be abandoned. Such behaviour has

— ' 7T T alse been observed in P, §trobi feéeding on Sitka spruce (Overhulser 19730 hﬁw”ﬁ"'fi
> Each feeding puncture is considered to represent the biting re- j

' sponse that initiates feeding on a given host species. For this reason, f'
an analysis of variance was performed on the total number 6f feeding i
puﬁ%tures.  However, the disparity in location and relative depth of g

’ s . S 2{
"feeding punctures both within and between host species precludes a simple . %
correlation of numbers of punctures with the amount of food ingeStéd. E

: - : : ‘ .2

- For this reason, it is hypothesized that fecal weight is a more accurate g
4

and reliable measure of actual food intake. It was not feasible to mea-

sure this additional variable in the choice bioaSsays, howéqgr, as 19.4

A 1

. ‘ » .
per- cent _of the weevils produced punctures on more than one host lateral

‘branch section. \\\%ﬁ ) ’




_ Forced: Feeding. Bioassay .
- . - . ~ ’ - ; - ' ] p
o \ " In the forced feeding bioassay, analysis of variance indicated ’

there were no significant differences in the number of ﬂie&ing'cavitiesr -

initiated on each of the three host species by all three P. strobi popu-

}ztigns combined, nor a significant effect due to weevil sex. However,

P. strobi (GX*EWPlcinitiated siqnificantlyymcre feeding cavities. on.the

three host species combined than did either f. strobi (ex ES) or P.

. : .~
\ strobi’ (ex SS) (Table VI). e : )

TSI The feces welght ANOVA 1nd1catéd that there ‘were no 51gn1f1cant

dlffereﬁEES«;\\the weight of feces produced on each of the three host

. species by all tb;eegweev1l populations combined, nor a significant effect

-

due to beetle population. Female weevils, however, produced sigﬁificantly, .
v : more feces feeéing on the three hosts combined«than did the males (Table
: : Ty

VII).

Choice Feeding Bioassays

The results of the MANOVA 1nd1cated a 51gn1flcant weevil popula-
“tion effect (P<0.01), but no 51gn1f1cant sex effect or beetle by sex
interaction. 1In addition, the parallelism,rflatness, and leyels hypo; ;
theses were rejected (P<b.01) ibdicatihg significaﬁtiy different feedigg‘
rates on the three host species by each beetle populatlon, differential

feed1ng on each of the three host species, and dlfferentlal feeding by

each beetle population, respectively. Multiple comparisons between the

41@53‘§cf each weevil population feeding on the three host species showed
. that P. strobi (ex EWP) produced significantly more feeding pun

eastern white pine than on Engelmann spruce and significantly more
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- ) punctures on the lat;?r host than on Sitka spruce (Table VIii). While

the difference,between'mean number of feeding punctures produced on
eastern white pine and Engelmann -spruce by P. -strobi {(ex ES) was not sig-

nificant (Table VIII), significantly quer\feedigg cavities were produced

on Sitka -spruce than on either of the other two hosts. P. strobi (ex SS) .

'did not show any preference for any of the three host species (Table VIII).
U . When the mean number of feeding punctures éroduceq)on‘each host

species were compared, P. strobi (ex EWP) produced significantly more"

punctures on its natural host, eastern wﬁité*pine7‘than‘did*the*tWOAwes=f*"*4*~h—4

tern weevil populations combined (P<0.05). Although the differences be-~

-

-

tween mean numbers of feeding punctures produced on Sitka spruce were not
significant, P. strobi (ex SS) tended to proAuce more feeding cavities on
' its natural hast, Sitka spruce, -than did either P. strobi (ex EWP) or

' P. strobi (ex ES). Ihiaddition,'thermean number of feeding punctures

produced on Engelmann spruce by P. strobi (ex ES) was not significantly
different from the mean number of feeding punctures produced on this host

. by either P. strobi (ex EWP) or P. strobi (ex SS). The mean number of

o _ 7 . .
feeding cavities produced on Engelmann spruce by P. strobi (ex EWP) was,

" however, significantly greater than the-number of feeding punctures initi—‘

A

ated on this host by P. strobi (ex SS).

Weevil positions during the 24-hour test (Figs. 5) reflect

the results shown in Table VIIT All three host species were contacted

by weevils of both sexes soon after the start of each ‘bioassay. ' However,

after 24 hdﬁfs, the majority of weevils of all three poptlations were -

foundsin contact with either eastern white pine or Enéelmann spruce,

¢



n

Table VIII. Mean number of feeding pundtures produded on each host by
pre-wintering weevils of three Pissodes strobi populgtlons when presented
a choice of three, 4 cm host lateral branch sections, one each of eastern
white pine, Engelmann spruce, and Sitka spruce for 24 hours. One weevil

‘ per replicate; 30 replicates for each sex of each populatlon on the three-
' o ] ~ host comblnatlon ‘ N - - el
: . Weevil pepulationl‘ Mean # feeding
Host ) : : punctures pro-
species 'P. strobi P. strobi P.' strobi duced on each
: z (ex EWP) (ex ES) (ex 88) host species?
" Eastern white pine )/f 8.45a " 4.10a 2.60a 5.05
Engelmann spruce ~ 3.60b 2.43a 1.88a © 2.64
Sitka spruce - 0.43c 0.42b 1.13a . 0.66

Mean # feeding punc- -
tures produced/weevil 4.16 - 2.32 1.87
in each population3 e B L P

o lleferences between means in the same column followed by saﬁe
- letter not 51gn1f1cant (MANOVA P<0.05). S K PO

-

2 .
Flatness hypo%hes;s rejected (MANOVA Proflle Analysls, P<0. Ol) s

3Levels hypothesis rejected - (MANOVA, Profile Analysis, P<0.01),
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Figs. 20-25. Position of pre-wintering adults of three
Pissodes strobi populations when presented & choice of
three, 4 cm host lateral branch‘sections,'pne each of

_eastern white pine, Engedmann spruce, and Sitka spruce

for*24 hours. One weevil per replicate; 30 replicates
for each sex of each weevil population on the three-host
..combination '

o Rt L g

P
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rather than Sitka spruce. The °greatest incidence of weevils in contact
© with Sitka spruce after 24,hoUrs was 14.5 per cent of P. strobi (ex SS).

The body welght of female weev1ls was 51gn1flcantly greater than

tMat of males (Table IX). In addition, the welght of the‘P. strobi (ex

SSi population was significantly greater than the body Weight of either
. : ’ - - B B

the‘P. strobi (ex EWP) or the P. strobi\(ex ES) populations (Table IX).

-

A

¢
~ Discussion

Significantly more feeding by female weevils in the forced feed-

ing bioassay (Table VII), is partially attributed to their significantly

- s : . ’
greater body weightr(Table IX). It may also be related to the physio-

logical requirements of ovary maturation prior to spring dispersal. The

significantly greater number of feeding punctures initiated by P. strobi

-

(ex EWP) on all three host .species combined in the forced feeding bio—

assays may reflect the observatlon that this, populatlon dld not feed

N PR - ;

extensively on its native host_in olding jars: and therefore, were more
strongly stimulated to feed. Howewer, all Weevils,were,conditioned
equally by deprivation of food for 24 hours prior to each experifient.

Moreover, food ingestion (as measured by feces weight) by P. strobi (ex ¢

. ke

‘EWP) was approximately equal to that of the‘remaining;twerpopulations

(Table VII), suggesting similar satiation levels.

The lack of discrimination between hosts in the forced feeding

bioassay indicates that all three host species are. acceptable to all.

44444———r44444thteE—PT—SEbe&A?GPﬁlati6ﬂS44‘IﬁTCh01Ce‘fEEdIHgAbIUHSSHYSAAhUWEVEfg’fﬁé

-failure of the two western P strobi populatlons to dlscrlmlnate between




Table IX. Mean body welght for weevlls of three PlSSOdES strob1 popula—
: tions. N~25 in each category ¢

Mean body weight #S.D. (mg)

Weevil
popqlatleq - . Females. . _. .. -Males™ . Bbth,seXes'combined%ﬁw” e e
P. strobi (eer@P) 9.266il.483f‘ 8.938%1.745 f‘ 9.102%*1.611la
P. strobi (ex ES) 9.311#1.707  7.852£1.598  8.581%1.795a
. q A . .
. ' . s
(ex SS)V 10.087£1.857 9.136*%1.916 9.611ilr928b
i , . -
IR e? Pogglatlons - 9.554%1.709  ,8.642t1.825 S
combined - 3 K :
T .,—, - S
a8
7\-/"- “

eans followea by same letter not 51gn1flcantly different
euls, P<0.01). :

2 N L '
Females signlflcantly heavier than males (ANOVA, P<0.0l).

+
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.

R emerged) and eastern white pine”(Tahle VllI)'suggestsithatithe latter,,~
conifer is their ancestral host. Since P. strobi (ex EWP) prefers to

- T ~

_feed on eastern white pine, P. strobi (ex ES) prefefs.to feed.on both i i

} castern white pine and Engelmann spruCe, and P, strobi (ex SS) feeds'on ',brr ) f:

=

. all’ three host spe01es'equafly, these results suggest that p. strobl has
s pingadeantiin

"—M-wumufummdispersedwvm&ﬂf@nniﬁﬂ;“thé“north"ﬂmerioan contlnent probably uilllzlng an

alternate host speoies such as P. glauca. White spruce is sympatric-- - -~ -

with both Engelmann spruce and SltSa spruce in central and north—western

British Columbla, and hybrldlz s readlly with both spec1es (Roche 1969).

- : R
8 - i

Engelmann and Sltka spruces, -h wever, are allopatrlc species. . s

- “

In retrospect;‘Hopkins (l9ll)_was‘premature in according species 3
.. - - * . . e

status to the two western weevil populations.on the basis of his host

. -

selection pr1nc1ple. The experlmental results support Smlth and Sugden s ” - 7;;
- i
E

(1969) contentlonlthat,the threelBlrstroblrpopulatlonseareAeeotypesfo

-
v -

geographic races. ; : S - o

s




T YISUAL ORIENTATION OF PISSODES STROBI IN ==
RELATION  TO HOST SELECTION BEHAVIOUR ~— = - o R e

Host selection in phytophagous 1nsect species is essentlally a

7~two;stage process 4n whlch,lnltlal orientation to a potentlal “he t“blant

is followed by acceptance or rejectlon of same as a host su1ta£}2’for
LE . Y

feedlng”and/or'ov1p051t10nwact1v1tyr(Dethle;;1954), P. strob1 is capable LTl

- of discriminating among at least six native conifer species by‘close— N S
. . . , § i

. range or contact chemoreception as indicated in choice fijdingbioassays.

Anfnn;n;;na;nLittlenis known, however, of the sensory modalities thaf, overn initial = -

attraction to this preferred host appears unlikely.

i it Cemiime e o .In nature, P. ,Stra.bi‘rSQlecltS_;thgmmrﬂgk Vlg_OIIQ!-LS.J_ M;I:.a.ggg_gz_é;:gmi&e.g’vwc

uprlght leaders -of domlnant and co-dominant trees in even-aged stands .=~ = o
for spring feeding and subsequent OV1p051t10n (Kriebel 1954; Sulllvan

1961; Stroh and Gerhold 1965; Connola 1966; Harman andeulman 1969). DR

Cne hypothe51s ‘which could account for thls host preference in the fleld

is that P. strobi adults discriminate visually between some physical = .
characteristics of AVailablg Iegders. . N

Ve

. My objectives HexezgiaLitp ascertain the physical characte;istics»» 7'
<~ or pr eé that are important in the v1sual attractlon and subsequent~e

l}\

orlentatlondgf P. strob1 to 51mé1e geometrlc shapes, (2) to detegEi?e “the

,capablllty’of P. StIObl to dlscrlmlnate deviation of simple geometric

shapes from the vertical p%;ne; and (3) to relate these findings to the

-
~

y ~
- . N =




R

—

obse’ved host pfeferences of P. strobi in the field. -

|
|
]

3
E:
-
A
pv:
E
g
E
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Methods and Materials

Laboratory Orientation Experiiments

Preliminary flight experimehté conducted in spring 1975 with P.

strobi that had oYerwintered naturall , indicated both sexes Were,

attfacqu\to land on vertical black fardboard strips mounted around the

196 cm circumference of a white c ard cylinder (x2, P<0.005). Oﬁing:

to the reluctance of P. stro. der a variety of experimental

b | it b fot e ot k] e Sond 4

ion ‘experiments were conducted

conditions,  however, subsei:iﬁﬁfpfient
, -

with ¥alking weevils.

i b Wil s

r

. Overwintered P. strobi adults ere collected during April to June

1976, ?E;m the leaders of Si?}aﬁspruce planted in four localities; the

University of British Columbia Research Forest, Maple Ridge,. B.C., the ' - "?

: :
S e e

 District of Mission Municipal Forest, Mission, B.C., and two piantations’
. T . , BN

in the vicinity of Port Renfrew, Vancouver Islgnd, B.C. Yo , g

| L , AT, i

The orientation of overwintered P. strobi adults to black card- 3

: - . - : o Lo i ¢ S

board shapes was tested at 20 to 23°C inside an upright cylinder (61 cm B é

diameter x 61.5 cm height) of white cardboard (Fig. 26) resting on a Kraft ™

paper floor that was replaced after each experiment;"Uniform”illuminatiOn’55:"

°

e
of the arena was provided by fluorescent lights mounted 10 cm above the

cylinder.

Experiments 1 and 6 were designed to te5t the null hypothesis that P.

strobi orient randomly téwthe cylindey periphery, whereas experiments 2

‘



oy

y, 7 .v”wczi
Fig. 26. Diagram of apparatus used to test the visual
orientation of walking Pissodes strobi adults. Dotted
silhouettes depict experiment 5 on the inside circumfer-

"ence of the white cardboard cylinder

<’¢
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rientation to silhouette width and height, respec-

.

and 3 tested wéevil ‘g
tiVely. P. strobj“orientation to silhouttte area was. tested in experi-
T - . . .
ments 4, 7, and 8, whereas the effect of silhouette position was examined
" » A

in experiments 5, 9, and 10.
Weevils of elther sex were released——fac1ng in {andom dlrectlons

--in small groups of six torlO 1nd1v1duals in the centre of the arena

floor and allowed to walk to the cylinder wall. Weevils inadvertentlywﬂl

’ L

released on their back were not'assisted in righting themselves, as this
- i _ , c -

action prompted escape behaviour rather than orientat}on to the cylinder

Ty

- periphery. Each insect was scored at the point it first contactea“thef

wall of the white cardboard cylinder with either its groboscis or pro-
horachllegs. No time limit was imposed_oﬁ thehresponse of each beetle.

V4 R i R -~ 2,
“Null hypothese Iegarding weevil orientation to silhouette)pat—
- '\‘, .
terns. 1n.exper;ments 1 to 6 were tested using Chi- square\at one.degree.

3 g '
% .

~of freedom. Yates coSfectlon for contlnulty was applled when sample-

«

size was less than 40 1nd1v1duals R. strobi orientation responses to
the multiple‘patterns presehted in ekperimehts 7 and 8, and 9 andilO,
were-examined usihg analysisjof &ariance (ANdVA) Six repllcates of ap—
ptsﬂimately 22 weevils each were completed in both experlments 7 and 8,

N ;
whereas four repllcates of about 25 weev1ls each were completed 1h—each

of ekperiments 9 and 10. The proportional responses obtained in each

repllcate were transformed to the arcsin of the squar%‘;oot prior to each

.

analy51s of variance. )

The same group (or proportion thereof) of P. strobi oﬁ either

sex was tested to each silhouette pattern described in Table X. When not

[4
" N l ¢
N L _ \ .

-



™ . N : i ’ - B . ‘ ) ’ . , ) 53
. . . 7 .

7b§ing tesled in the walking arena (Fig. 26), all weevils were held at -
* i - i T R B 7
20 to 23°C on Sitka spruce lateral branch sections in glass jars. During

long between—test intervais, however, the glass jars wete,tranSferred to’

.

2 to 4°C to minimize weevil mbrtéiity.  ‘ e ) I

Field Dafa
“““‘w*_““*#““f**f*‘“f“*During“the“spring“i976~fieiéweeiieetiens-e£ueVexwinte@ed_ﬂfustLQbi__umm;@__

adults, the length and width at midpoint‘(measured both with an ‘without

~ the needles) were obtained for each one-year~old Sitka spruce leader on

which a single weevil of either sex was found feeding or resting. *«To

4assessrwhethér the means of these host Lgader‘characteristics differed
significantly from the population means, identical data were obtained-i
, : : 3 .

autumn 1976, for a random sample of current-year host leadeYs at each of

-

the three;Sitka spruce plantations used to collect the overwintered P.

»

Asﬁrébi the.p;e&igu§”sp£%ggi,ngﬂgdéiﬁioélgthe Hoitllgader popﬁlatién
"data were used to assesé‘the biological sigﬁifiéancé of P. sérobi~orien— .
tation in expefiﬁents 7 and 8 {(Table X). |

| To.éete;mine the relatiqnship‘ofrwéevil origptatioh in experiments

9 and 10 (Table X) to actual field conditions, the-length, diameter at’

: 7
) - : < o ) .
midpoint {excluding needles)? and angular deviation from vertical; were

- -

1

. % o o
measured for each first—whorx\}ateral branch in the crown of 44 multiple-

top Sitka spruce that - had_been weevilled in both 1975 and 1976. As mﬁhy,

as five lateral.branchesrof the first- whorl below: the dead‘l§75 Teader,

may compete for apical dominance in 1976 to create a multiple=top host:

. ) . ; ‘
Mission, B.C., 20 trees were located in
R B2

Ten such hosts were located in the Distri;y of Mission Municipal Forest,

e University of British Columbia

-
3
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Research-Forest} Maple-Ridge, B.C., and the remainder in naturalréitka

v spruce regeneratlon ldcated south of Kelsey Bay, Vancouver Island, B.C.

In addltlon, stepw1se dlscrimlnant analy51s, program BMDO7M (Sampson )

'1976) was applied to theserhost 1ateral branch characteristics,in orderfiiﬂ

R PERE IS T L TR ETE SRR L A

- to ascertain their contribution toﬁthe“claSSification of weevilled.and

uflattacked lateral branches.

Results--

Laboratory Orientation Experiments

The orientation response of P. strobi in each experiment is given

in Fig. 27. Non-responders refer to those weevils in experiments llto 5 3

© 2

and 7 to 10 that contacted the cylinder periphery at whate, or, in exper-

iment 6, those weevri*‘that contacted black at pOints Sther than directly

below the black silhouettes. In experiment l, the null hypothe51s -states R N

~i e that weevils- randomly contact -the cylinder_ géklphenrlnih& raLlD tha

31

2

black and whlte are presented around the basal circumference of the car:

I

|

|

|

I

|

i

i Lo
‘ulr»w‘\:_m;uti:u".».; L

board cylinder, and was rejected for both sexes (x ’ PKD.OOS); Both

sexes of P. strobi were attracted to and cllmbed the black Silhouettes

R o 54 e

T,presented. ‘Similarly, nelther sex contacted the 4x192 cm black cardboard

-~

strip randomly in eiperimentVG (x‘, P<0.005), but oriented to,points o 4

’ directlyrbelow the black silhouettes presented. These results discount ;~
the hypothesis that‘P.rstrobi is attracted to black silhouettes ds a f
‘result of their somewhat'higher temperature in relation to white card- e

board that is equidistant from the experimental light source. As a re-
sult of ?he>§lgnificant visual orientation response to black silhouettes

. in experiments 1 and 6, those weevils contacting the 192’cm cylinder

L
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Fig. 27. Number of overwintered Pissodes strobi adults of
each sex that oriented to ‘black cardboard silhouettes in , ;
10 experiments. Numbers of beetleé{ used and the total re- : i
. sponse to each silhouette pattern are given below each ° 0
' diagram. Non-responders represent. those beetles that con- 4
tacted the white cylinder wall, or in experiment 6, the o 3
. S black 4 cm strip at points other than directly below the - g
... __silhouettes presented. . Descriptions—eof silhouette pattexrns T I
. - and randomized placement are given in TablesX . : ¥
= o ) N . ) ¥
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females (xz, P<0.50) . Only male P. strbbi oriented preferential&y to the

L “ .

-

circumference at white were excluded from «further statistical considera- -~ —

tion in the énalysis of results of experimehts 2 to 5 and 7 to '10.

—_ . : 4

In experiment'Z,:the null hypotheéis stating that P. strobi -

“«

orient to biack'silhduettes iandomlj, and cbnseéuently in %he 3:1 ratio
of their widths, was rejectea for males (xz, P<0.005), but accepted" for
- : : S _ :

wider of the two black silhouettes. In experiment 3, both sexes pre-

ferled to contact the taller of the two silhouettes (Fig. 27). 1In this

.

. R . . . . i
instance, the null hypothesis stlates random orientation to the silhouettes

in the 1:1 ratid of their widths and was rejected for both sexes (x2,

P<0.005) . Experiment 4 was designed to assess the relative importarce H’

b n

. of silhouette height and width in the visual .orientation of: P. strobi to’

*
)d

silhouettes in the 1:1 ratio of their areas (x2, P<0.70), the result sug-

silhouettes of equal area. Since male P. strobi oriented to the black

gests'silhouette\Efight and width are equally.signifibaht in the response. ..
. o o . ‘ . E K E Lo/
Female P. strobi preférred to orient to the taller silhouette (xz, S

P<0.005), ah& t@eréfore, épparenfly respond more to silhduetté height

than width. 'Bothfma%e and female P. strbbiﬂpreferredfﬁo orient teo the

» .
s

vertical silhouette'(xz; P€0}005) in'expefiment 5. vaideﬁtly) a pré-'\

ferred silhouetté is no longer acceptablé whenrrotated through .90° to the

horizontal position. - Both sexes of P. strobi oriented randomly to the |

5 - [
both sexes were. not choosing

)

iment 4 (Table X, Fig. 27), and suggesté that

between the silhouettes mounted aboﬂe the 4 cm black strip, but rather



between those silhouettes which included the 4 cm height increment.'
- V Extending the results of experlments 4 and 5, ANOVA applled to.
the ‘orientation” response of male P strobl 1n experlments 7 and 8 (Fig.

27) 1ndicated that 51gni£igantly m3?e males were attracted to the 3x10 cm. e,

vertical rectancle than to any of the flve remainlng black srlhouettes s

of equal area'(Newman—Keuls test,>P<0.05)._ In ‘addition, more males were

attracted to both the 5x6 cm and the 7x4.3 cm silho ettes ‘than to either

the 9x3.3 ¢m or the 11x2.7 cm horizontal rectanéles (Newman—Keule,test,

- e

P<0.05). The‘experiment by'silhouette interaction was significant;,bﬁt‘
involved only the least preferred horizontal silhouettes. The parallel

ANOVA for female P. strobi orientation in experiments 7 and 8 indicated:

-

that more females were attracted'to the 3x10 cm vertical rectangle:than

*

“to any of the five remalnlng black silhouettes (Newman Keuls text, . ,,_A: il el

~~ﬂ~'f*'“;W*““*P{OTOSTf*”AS'WaS‘thémcaéé“fofmmale'orlentation,fthe experiment by sil-. . -

houette interaction was significant, but again involved the least pre-

ferred horizontal silhouettes. oL AR

' ’

A . R,

ANOVA applied to the orientation of male P. strobi in experiments
: 9 and 10 (Fig. 27) indicated that significantly more malee were attracted . - -

¢ . to both the vertical rectangle and the 15° off-vertical parallelogram,
than to. the remalning four silhouettes (Newman—Keuls text P<0.05). S%l—

- s

houeEte dimensions and orientation, therefore, are important parameters

that govern visual discrimination in males, although in experiments 9
. - - A “
\

And 10, silhouette orientation is unavoidably confounded by thervaryingi\

-

~ cross-sectional diameter and length of parallelograms of equal area,

~

t

all on a 3 cm base (Fig. 27). The parallel ANOVA for female P. strobi

-



O
o

' however, significantly more females oriented to the 306 off-vertical

orientation tested inAexperiments 9 'and lO"(Fig. 27) yielded the iden-

EEa . - s - A

t1cal result. obtalned for males (Newman—Keuls test, P<0. 05) In addition,:

>4

parallelogram than to e1ther the 60°. off—vertlcalgparallelogram Or. thefAuAsQiﬁlM“:;
horlzontal rectangle (Newmaaneuls test, P<0 05). ' »f T - "L;
. \ . . < L™ AR

) \‘ . a : . - ; {r?‘v— RS 7,::‘}.';‘;,j:'.°:;
Field Data - 1 ) ST L T
Both sexef@ of P. strobi in spring 1976; were foundron'dne-year— . \

. ‘ ) . . . N - . "i, - l '6. - . :" - ‘ . PN
old host'leaders,that ‘are significantly longer*and of greater mldp01nt~ ) .

uIametertthantcurrentwyearthosttleaderS*measuredtatuthetsametsItkaLsprucetttitttttt

. >

plantatlons 1n autumn 1976 (Table XI) In'addltlon,,ﬁemale p. stropl s }f*?fna;
were present on Sitka spruce leadefs‘that possessed a sidnifigantly', “&”" .
greater Silhouette width than the pébulation mean (Table XI);‘;ﬁarring' o s

ma]or climatological perturbatlon, there is unllkely to be a 51gn1f1cant = r_ .

- S R

change 1nﬁhost leader properties at the “same plantatlon 51te In sutces—“";f*";?i““f
. 5 S T - —

sive growing seasons. '; ‘ R K O

4. B L. s - . " . M
l B
B P
Iy - F

Table XII summarlzes the phy51cal propertles of WeQVllled andw'

unattacked lateral branches competln; for'dqmlnanceVln‘nultléle—top ; i;rfa'yi -
o - e . L
,Sltka spruce hosts.. Weeﬁllled branches wer; slgnificantly longer»and o L ;i;
deviated less frdn’theIVertical?than,thpse nct«attackedfinwsprinéil976%f lvli f,ff{
Table XIII snmmarizes the Stepwise discriminant‘analysls abplied~- :fm' K

to three propertles of sitka spruce lateral brancﬁes measured ‘in adtumn e .
- 1976, to select the character that best separated weev111ed trﬁm un; . ‘t;"' : ;,
» - e o S S e SR LT
attacked 1ateral branches. In this stepw1se procedure, addltlonal;host f:'_ 59&3,

¢ properties were selected only if these contrlbuted sidnltlcantlijtol él;" " f;
grcup separation when COmblned in a 1inear runction with therproperty‘;i‘vflar d:r
’ . ST {' by "o

~ . 1\\‘]\ , 45& . . i (, B

s L, S S P
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first selected. The most efficient host character was lateral branch

Lx .
™ U

' length. Of decreasing importance were angular deviation of the lateral

>, e

branch from vertical, and lateral branch diameter measured at the mid-
point (Table XITI). Of the 107 Sitka spruce lateral branches examined .. .. .. o

on 44 trees, 68.2 per cent of these were corrébtly classified as

-

»

weevilled’ or unattacked on the basis of these—three measured hdst chii?f”

~ . - - A

-
acters;
[ 3

/)\ . ’ ’ Discussion

»,

Viqinﬁ iégaﬂisignifican;;importancegiaginitialgstageS—of—hast————————ggggg——
selection by P. strobi. . Consistent orientatién in thevlaboratdry to- ;
veitical rather th horizontal silhouettes.suggests that overwintered

P. strobi are predisposed to respond to vertic¢al Sitka spruce leadexggs

rather than horizontal lateral branches in a field situation. The

orientation prefé}éncerexpressedlby—both—sexes for the-vertical silhou-

e » o

ette, 3 cm in width, iniéxpétiments 7 and 8, corresponds well with field

data in which the mean silhouette width of Sitka spruce leaders measured —
iﬁ three weevil—infested plantatiéns was 3.07 cm (Table XI). When pré—

sented two vertical silhouettes of the éreferred_B cm width in the

laboratory, both sexes of P. strobi oriented preferentially to the-tallef

of these. Simi{arly; under natural field conditions, both male and

female P. strobi select those host leaders that are significantly longer

than the mean length of the overall leader population (Table XI). Al-

though female P. strobi were collected in spring 1976, from host leaders
- »

that possess a significantly greater silkpuette width than the host
e

population mean {Table XI},’one cannot infer from available data that )

F




> , " :

, ~ 64 i

C . - — —

females discriminate this 5.2 per centrdifference visually following .. = &
flight dispersal; o le f . o . %

) = - . B
,p;?éispésitipn of P. strobi tp)orient;to Sitka spruce leadets ’ é

rathér\thén latgral branéiés?rié anradéptive reprk 'éion~§;r%t;é§'£;;—;»~~—m;r~~~w {%
several ieaséns;, Longer, mpreivigordhs léaders can accOmmod?t ) g

: weevil ?roods to méturitv—-feedipg in the cambiél zone beneéth the g
\\ pe{iderm——than is possible in éither suppréésed‘host leader$; or smaller- %
\\ diameter literal branches. Secondly, rapid weev1l development to the i ?
adult stage must be completeawprior to late autumn,das P. strobi can - g
sﬁccessfullfn;verﬁinter as larvaé only in milde; maritime climates. ; é
Rapig\ptood aeveloément is fayoured by the‘éénerally hi@her thén ambient ¢ %

. temperatﬁrerregimes in host leadeérs exposed to>d1rect solar insol | é
(Sullivan 1960). Lastl&, successful weevilling,of a vigorous host A §

branch competition for apical dominafice. Increased availability of

optimal oviposition\;}tes in years following the initial host attack

.A} ST Aerrdoent b nig

favours rapid population §;owth of P. strobi particularly on Sitka

< _
spruce. This host is geographitally restricted to a mild winfer climate

Nt e

such that lateral branch competiti?n following successful leader attack
!/

is often resolved in a single growing season.

The selection by P. strob1 of ha\t l.Nbers of significantly.

volvéégslgseatangegassessmentlnf\thelpﬁéé%caI\Characteristics of poten- .
. N -
- N\ 3

tial hosts during test feeding. ~JAhe lack of statistical correlation

betweeh leader silhouette wid and true diameter (f§0.32), precludes




R

’ 3 7 ' 65

the visual selection of larger—diameter leaders on the basis ofrtheir

silhouette width alone. Thicker bark (Ktriebel 1954) and wider separatlon

.of cortical resin canals (gtéoh and Gerhold 1965), are two phy51cal pro-

-
perties that are expected to favour the selection by p. strobi of only

,fthe'largerédiémeter host leaders available in the field.

) . : ~
On Sitka spruce hosts with multiple tops, female P, strobi are
N

- L3 .
attracted to feed and oviposit on those lateral branches that most

» ) - Al

closely approximate leaders:in physical charéctgxistics. Weevilled

.

lateral branches anglgngerihandgdexiagegsignificantlyflessgfromgthegup"

RN

right, vertical position tﬁan,competing branches that were not attacked

/jiﬁ 1976 (Table XII). These field data are in agreement with results of

,(laborator§ orientation of P. strobi in experiments 9 and 10, in which

both sexes were most attracted to the vertical or near vertical silhou-

ettes. Stepwise discriminant analysis confirmed that lateral branch

~_ length.is the single most efficient p rty to achieve separation of

P

weevilled from unattacked lateral branches iﬁ multy —toprhosts (Table
XITI}. - In coqjunction‘ﬁi£h two additional variables anguI;} deviation
from vgrtical; andrdiametervmeasured at midéoint; the t&tal pércestager
of lateral branches cofrectly classified decreased,,b&t,the percentage
of host lateral branches cerréétly classified in both the weevilled and

unattacked categories is more equitable (Table XIII). Host selection

amcng competing lateral hranchesrof spruce successfully attacked the

~
L~

-

previous vyear, ﬁay not +involve the disperéihg P. strobi population.

Repeated attack on a brood host in the second year, may be aégompllshed

by a r8517?6t P. strobi population that did not disperse following

L3

N
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L« ) Y PR i 5 gm g - " a : z )
.autumn_emergence. Altnougn tiris dlrrerence is not 51gnlrlc2nt, 15.8 per

. cent of regeneratlon Sltka spruce'successfully weev1lled in 975,”§ere

4 = .
L N -

galn weevilled in I97f whereas only 9. 9 per cent of the host populatlon )

was weev111ed for th?'flrst time in 1976. Sllver (1968) reported tha?‘ *

‘
- v

*the'percentage of Sitka spruce re-attacked in eaChAof five successive

- [

- years (1960—64) Wa%g w1thout exceptlon, greater-than ‘the proportlon of

: ‘ . Rt 7 e : | - S
’ ] ] i E ]' B E. . Il i - ] E . ] .
i e L - o 3 L. E ) :
B - he - o “ ’ ! ’ - : N
initially attacked by dispersing P. strobi are more susceptible to re-

™ S ® .
attack the following year due simply to the preséhce of "progeny on the .

¥

te hosg’thaéggb not disperse,rrather,than intrinsic physical or chemical
. factors. It is hypothesizearthat resideht P, strobj respond to gravita-

v . \’a, - s R
tional stimuli in rejecting thoseshost laterdl branches that deviate

considerably from the normal vertical orientation of host leaders. On -

!; e the, other hand,,the'mechanisms‘ef negative geotaxis and positive photo-

taxls (Sulllvan 1959) elther alone or actlng in concert, can account

for the successful weevillihg by resident P. strobi of the ionger host » .
lateral;branches'that deviate least from the vertical orientation.
Althoughfthe—viggal orientation response of P. strobi to black
» silhouettes was tested using dalking weevils, there“is no evidence to
Vsuggest the results do not appiyAequally well to flying weevils. Visual
perception of form is expected to be indepehdent of the method of loco-

7

motion employed by P. strobi during dispersal. 1In trapping studiesrcon:

- .

P
\5 ﬂverhulsergandAGara44l915l4concluded4that4thegmagorityiﬁigweevils fly at

- o
a height somewhat below the level of the host leaders. y This finding d
\‘ | . - »
% -



. ~t . ) /
Y
\ .
suggests that flying P. strobi can evaluate host leader properties sich )
as length, orientation, and silhouetts\ﬁdth in order to discriminate '
visually between preferred and unsuitable leaders in-+initial stqges of
the host selection sequence. - ) )
?
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z /
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'ROLE OF GEOTAXIS AND PHOTOTAXIS IN THE FEEDING AND OVIPOSITION
'BEHAVIOUR OF OVERWINTERED PISSODES STROBI

e - T

Whereas both sexes of édultr?; strobi feed on Sitka spruce T .
lateral branches’ for most of the yeaf (Gara ét‘al.'l97l; M¢Mullen and

Condrashoff 1973), feeding activitylon Sitka spruce leaders is confined

A

to the early, growing season, and igiq;;gely restricted to the females as ‘

necessary physiological and physical prerequfbites to oviposition (Over-

huisg;,and;ﬁa:a_lalﬁl*gﬁﬁalesgaregam;xi4m9biie~%haa;%ema%es~éﬁ—sit a0

spruce leaders following spring dispersal, and large%zyfffffﬁﬂ;xbgir
- A > .
activity to mating behaviour. Female weevils initiate oviposition each P

spring, just below the terminal bud cluster of Sitka spruce leaders,
’ ’

and continue lower down these leaders as spring advances to early summer. o

Negative geotaxis and positive phototaxis are-—two orientation

-

Sl

tion of oviposition sites. -Sullivan (1959) found that overwintered P.

EER o]

strobi adults are more strongly photopositive under a variety of condi-

-

"

tioning regimes, and become more photonegative at hicher temperatures
[ 3

than the same generation pre-wintering adults, He concluded that this o :

behaviour of the overwintered adunlts served to maintain P?. strobi on

exposed host leaders for spring feeding and oviposition. » - .

The role of negative gegotaxis in the oviposition behaviour of

Y .

> IR .- 2

P. strob!’g:s not béénrextensively investigate&. Gara et al. (1971) pos-

gglated that gravitational stimuli have little influence on the distribu-
tion of oviposition punctures and successful weevilling cf Sitka spruce

leaders. 1In field studies, caged weevils fed and oviposited on o




o
(0]

: - - B , 7 - \
one-year-old Sitka spruce leaders bent into a horizontal position.: 1In

"laborétory studies;'howeyer, P. strobi did'oviposit iﬁ;one4;”£§o¥,'andrrﬂ

.

three—year—old vertical lateral brahches~(Gara et al. 1971),‘suggesting

.. that host orientation,may,be,importaﬁf,in releasing ovipositiohﬁbegw,,mfvﬂu“

hraviour. ' -

My objectives were: (1) to determine the effect of host leader

and lateral branch positioni on the distribution o6f feedific and oviposi~
.M~ltion punctures along their length under both forced arffd choice experi-

mental conditions, and (2) to determine the relative influence of

geotactic and phototactic mechanisms on the distribution qf‘feeding and
-- ¥ o

oviposition punctures'along the Tength of excised Sitka sprucé leaders.

- N : -

s

Methods and Materials

. .

Overwintered P. strobi adults were collected in spring 1975 and

1976, from the leaders of -Sitka spruce planted—in four different local-

. W

ities; the University of British Columbia Research Forest, Maple Ridge,

B.C., the District of Mission Municipal Forest, Mission, B.C., .and plan- -

taticons establiéhed in the vi&iﬁity,of Port‘Renfrgw‘and KelseyrBay,:

Vancouver ¥sland, B.C. Only those P. stro?i recovered from Sitka spruce
%eaders that bore ovipésitioé,puqctuies were used in laboratory oviposi-
-tion experiments to ensure their physiological maturity.

-

The cut end of each unattacked one-year-old host leader or

» : - -
slateral branch used in oviposition experiments was immersed in water in -

-

™

a 4 or 8 oz Nalgene washbottle sealed at the neck with paraffip wax.

. -

Each trial in forced oviposition experiments consisted of a single host

- . .

leader or lateral branch supported inside a screened, wooden cage by

- LS




*

position, were used in each trial.

‘means of a clamp and support stamd.  In choice ovipositton-experiments;

pairs of host leaders clamped in two -different posifions,ror~onerhost

leader paired with one host latefal bfanch,,each clamped in a Qifferént .

s

.

The overwintered weevils were allowed to feed and oVipo§it for .

varying periods, after which the number of both feeding and oviposition

. ~
punctures. produced pér“l cm_segment along quhrﬁosﬁ’leader_Qr 1aterél ) B
‘branch were counted Chi- -square tests were applled to t?e dlStrlbutlons “
Of each type of wéév1l puncture along the length of each host leader or
‘ lateral branch. ?he null thothesis statedsthat each tyge of pgnc?uref R \

was pgbdqced in equal numbers in thq aéical and basal'halves of host

leaders or latergl branches. ‘ -
- - ’ - . 4
Forced Oviposition Experiments

*

. x '
In-experiments 11 to 15, two females and a sinéle male Pi‘strobi

similar length clgmped in one of “the ﬁbllowing positions,1respectivelyfjrx

&

‘vertical and upright; 30° off «vertlcal 200 off—vertlcal horlzontal IS

.
B 2

and vertical but iQVerted.* Three trlals, éach of three. days' duratlon,;

- T

were comgleted in each,of experlments 11 to’15 Experlment 16" was 1den—' Ve

— Y - =

tical to experlment 11, except that one-year-old Sitka spruce lateral - L

brancbes (15 cm in length). cut from thé topmost whorl directly below the =

- . i

ES

host one-year-old leader Qere used. The light intensity ﬁeasur%d éfjthe

level of host leaders or lateral branches in experiments .11 to 16, was

. ]

SeQ_Flgs. 28 to 41 for dlagrammatlc representatlon of experi-

mental design ) ) . ' N .
. . 1 , . . .

» . - .
.- - 4 ) g

- " -

' A



— _ _ N . - i - ‘V ) o a 1]

560 lux, provided by overhead fluorescent lights.

T

Choice Oviposition Experiments A - 7 . :

in order to eliminate that propoftion of'feedihg punctures produced“by

- ' male weevils in experiments 11 to 16.  In experiment 17, females,weré

relea i he nee
£ »

leader with a vertiéii, upright lateral branchrclipged from the same host.

Six trials were completed, two with two females for seven days, three

. with five females for six days, and one with six females for four days.

- Asymmetrical trials were often nécééééf? depending on the field avail-

ability of gravid female weevils.  In expériment 18, two females were

-

released in the needles at the point of contact of a vertical, 62§§q§t

host ieadér with a horizontal lateral branch clipped from the same'ﬁost.A

.
O TIOET I VRN RS SRS TR AN

Two trials were”éompléted,reaéh of seven aays'duratién; In experimént

o

v

19, female weevils were released in the needles at. the point of contact

L3 o

RS

of a vertical, upright host leader with a 45° off-vertical leader, both =

0L

L3

WP e e e,

clipped from a singlé,mn;tiple-tqp host to minimize chemical and ppysical

JOVT

differences between them. Six trials were completed, two with two females

for seven days, and four with four females for four days. A§ in the .

-

N . N
et b S AP

forced oviposition ex?eriments, the light intensity p}ovided by overhead

fluorescent tubes was 560 lux. o . , 3

Influence of Geotactic and Phptotactic Mechanisms on

o«




double thiékness of;4 mil black plastic to exclude 119ht-2g£n experiments '
¢ 22, 23, and 24, all cage surfaces except the single surface perpendicular

7 - ] B
- . - - -

- to tﬁe-host leader. and closest to the leader~apex,rwere covered in 4 mil. -

<

>, X . black plastic. ‘A light source consisting of three parallel fluorescent

tubes was placed 30 cm to one side of, below, and abeve; the uncovered

s

_cage surface in éxperiments 22 to 24, respectively, such that the leader

- apex was closest to the d1ight source in each case.. Light intensity
. meas:ged at the leader ‘apex was 3120, lux. Three female weevils in each

of two trials in experiment'ZO, and'five'femaleé in each of two, three,

six, ‘and threg trials. for experlments 21 to 24 respectively,lwere ré-

"

leased in the. needles at the mldpoxnt of each host leader at the start o e

i

of ‘each test. . The number of. weevll-days per reﬁ!&cate in experlments 20

-

. to 24 is approglmately constant.

“Results
R - B . = . . S
- Forced Oviposition Experiments . . . ) . R 7

Table XIV‘ihdicatee that-oVei#ihtered-ﬁf éti&bi{pro&@ced signif-

icéntiy moie»feediﬁg punctgres;iﬁuthe‘eﬁical.half‘of'qpriéht host leaders

than in the basél‘haif (Pig. 28}. . This1result is ;éVe%sed in the case

half of 30° off-vertlcal leaders, 60° off—vertlcal leaders, and vert;cal

) ° ¥

upright -host lateral branches, than . 1n the ba§al halves (F;gs. 29, 30, Y

v . - - t
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: . o punctures produced by. bverwmtered Pissodes strobi-adults- . »
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and 33), these differences in each case Wgre,not,significant ‘(Table XIV).
- 7 \f\( .
Female weevils produced significantly more oviposition punctures

in the apical half of both vertical, upright host leaders and lateral
brancheés than in the basal half {Figs. 28 and 33, Table XIV). Signifi-
cantly more oviposition cavities were produced in the basal half of

inverted host leaders than in the lower, apical half (Fig. 32, Téple XIV).

The numbers of oviposition punctures; produced in each half of both the

30° and 60° off-vertical host leaders were not significantly different

'{Fig37429—and—%GTA?abieAXIV}7—whereas—enly—a—singiefegg;wasgdepesitedgat

the apex of a horizontal host leader (Fig. 31; Table XIV). - o S

Choice Oviposition Experiments

IS

i In experiment 17, female weevils produced significantly more

-

feeding and oviposition purctures in the .bark of the horizontal hdst

, ,,l,ég,dg,gx@n,,in,,;&vgr;iggi,°L,Llp,r,i’ght lateral branch clipped from the

same tree (Fig. 34, Table XV). Although moré-feeding punctures were
- TR e * .

produced in the apical half of horizontal ho%t leaders than in the basal -

half, this difference was not significant (Fig. 34, Table XVI). 1In both
experiments 18 and 19, £ hale weevils produced significantly more feed-
» ing and oviposition punctures in the vertical, upright host leaders than

. in either the horizontal host lateral branch or the 45° off-vertical host

leader (Figs. 35 and¢36,_Tabie XV). Significantly more feeding punCtureé

‘were produced in the basal half of the vertigal, upright host leaders

7 i

the case of vertical, upright host leaders in experiment 19 (Table XVI).

-

- In both experiments, significantly more oviposition pqgctures were
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Figs. 34-36. Distributions of feeding and oviposition o
punctures produced by overwintered Pissodes strobi females
on Sitka spruce leaders and lateral branches when pre- : '
sented a two-way choice of host materials oriented in the #
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produced in the apical half of ﬁertical,_upright host leaders than in

the basal half (Table XVI).

- = - el - o=

Influence of Geotactxc and Phototactlc Medhanlsms v . -
on the Distribution of Feeding and Oviposition Punctures '

Fd -

In the absenqehpf‘light, overwintered P. strobi'produced signifi-

“

’

eantiy-more—feedingamd-oviposition punctures i thé apical half of "ver-

tical, upright host leaders (Fig. 37, Table XVII), but in the basal half

- of vertical, inverted host leaders (Fig. 38, Table XVII). With a light

stimulus placed 30 cm below vertical, 1nverte&\hggt‘leaders, p. strobi .
f’~produced 51gn1f1cantly more feeding and ov1p031tlon-punctures 1n ‘the 'ég
apical half, although considerable qviposition was observed in the upper,‘

basal half of these inverted leaders (Fig. 39, Table XVII). Although

female weevils produced mofi feeding punctures proximal to the light

L N B r

source 1n the aplcal half of both horlzontal and vertical, uprlghtt_””,,m;,,ﬁ,-

e T -

leaders in experiments 23 and 24, respectively, this difference was not

significant in either experiment (Figs. 40 and 41, Table XVII). Signifi- .

¥

cantly more oviposition punctures, however, were produced by P. strobi
proximal to the light source, in the apical half of both the horizontal

and vertical, upright host leaders in experiment;‘§3 and 24 (Tablé XVII)a

: Discussion

Forced and Choice Oviposition Experiments

Both feeding and ovipositioh behaviour of overwintered P. strobi

adults,are influenced by the orientation of excised Sitka spruce leaders
. . 4
and lateral branches on which the beetles are releasé&r-nWQQVils pre-—

ferred to feed and oviposit in the apical half of wvertical, upright host

£

x
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Figs. 37-41. Distributions of feeding and oviposition , §
punctures produced by overwintered Pissodes strobi females * -
on Sitka spruce. leaders oriented in the positions shown ,~% =
i _ inside wooden, screened cages. Cages covered in black i
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l QVIPOSITION PUNCTHURES

84

VERTICAL, UPRIGHT LEADER
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2 REPLICATES,
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leaders in experiment 11, and in‘the_ugper; basal naif OEKYértiééi, in—

[ ~ -

verted host leaders in experiment 15, 1In addition, P, strobi preferred

to oviposit in the apical half 0f<§S£Fical,fupri§ht host “lateral branches:

in experiment 16. This result is in égreemént with the work ofAGéra

M

et al. (1971). Deviation of Sitka sﬁfﬁééalé

v

é&ers:from'thernatural,

vertical orientation resulted in ;educe! oViposition activitv by f%palés

in experiments-f2, 13, and 14. 1In experiments 12 and 13, the distribu- - .
O - . <,.' - - b .

-

tionsof both feedihg and &viposition punctyres were randoﬁ along the

3

" veftical host leaders in experiment 19.

L4

Tength of both 30° and 60° off-vertical hostxleaders}fSQggestlng a lack

. e ~

of preference. ’ § - .
. . . L i
-

In choice experiments 18-and 19, female weevils selécted‘ﬁhe
vertical, upright host leaders, and preferred to oviposit in the apical

half of each of these. No ovipositjon punctures were produced‘on~ei£her

the horizontal host lateral branches in experiment I8, or on the AS?”dffF

Heavy:oéipositién by P. strobi along the length of horiZzontal
host leaders in choice expériment 17 was rather unéxpectedt Although

caged weevils will oviposit in the field on oﬁe-year-old’sitka spruce
leaders be;¥ into the horizontal plahe {Gara et al. ;971), females ap-
parently rejected the horizontal host leéders in experiment‘lﬂ. Only

a single egg punctute was counted in the bark at the leader apex, the

~
>

lowest oviposition score recorded in any experiment. On the other hand;

, ' IR Y

- - - N N - - \\;\
P. strobi did oviposit in._the apical half of the vertical, upright host

-

lateral branches in experiment 16. Oviposition in lateral branches may

°

have been restricted by the relatively thin bark in both forced



F ; )
-~ . - " " o
J . ‘ . < - - -
* - M “':
. AL N 5
v . . 87 v
. — N e . .
' ’ C . N *
N experiment 16 and ehoice experiment 17, whereas only in the latter exper- . .
: P S PR &
., iment, did gravid females have the opﬁ;on to oviposgt ig;the thicker'
) - u o
" _bark of the horlzontal host 1eaders, Alternatlvéﬁy, hos‘.keaders nay
P
. R . - se . _ S T . e gl s
contain optlmal concentratlons of éhemlcals that 1nduce or promete feed— T

3 -

1ng and subsequent ov1p051t10n behav1our ¥ have no explanatlon, how-

- B

ever, for the’ concentratlon “of " ov1p051t10n punctures in Ehe basai half

LY : . o

. ’ ~ of the horizontal 1eaders {Table XVI). . 7 . ) .
t - s N : ) . ~'iﬁ-, "

’ ' More difficult to 1nterpret are the apparent preferences in ’ e g

- -
- f

. ‘eediﬁg—SiteAieeatioaetﬁeexﬁe;rmentsgi474;lTAlBT4andAleAAWhereastueeyllsuufsggugg;;
- i . )

preferred toffeed‘in the basal half of horizontal host leaders’in exper—

- s - B -~

iment. 14, the distribution of feeding:punctures'was random along the

‘Yength of horizontal host -leaders in choice experiment.17. Also, P, = ., g

- -

,strobi preferred to éSEd%ﬂ the basal half 6f vertical, upright host _ . ,

- leaders in experimentkla,ubut in thé,apical/half of vertical, ugfight .”ﬂ.,J?;“;,;;

LY

host leaders in ekperlment 19»’/ﬁsffﬁése d;sparate results gave me. reason

to suspect that light conditions, in addition to-host orientation, influ-

enced weevil feeding and oviposition behaviour, light direction was -

manipulated in the design of experiments 20 to 24.

-

Influence of Geotactic and Phototactic Mechanisms on’ o
the Distributions of Feeding and Oviposition Punctures

v
o . . B R
LS - . - .

The exclusion of light as an orientation cue in experiments 20

strated that negative geotaxis alone was sufficient to in-

duce femali/weevils torfeed"and oviposit in the apical haif of vertical, o

upright host leaders. Chemicals acting as feeding ahd/or ovipositigﬁal .
- " M ’ -

stimulants which are present exclusively in the apical, meristematic’ ; ‘



at the base of vertlth 1nvertei 1eaders in- experlment 21 The blmodal

Nea

LR 4

dlstrlbutlon of ov19051t10n punctures in experlme t 22 ;s apparentl
Y

the result Wa‘nve &ta.zus and p051t1ve pho}otaxls. " Such a

dlstrlbutxon could result from each.female respondlﬁg to both photlc and

=

araV1tatlonaI st1mu11 ‘but at different tlmes, or 1nd1v1dual femafes

.
~

A

responding consistently

tion. Since five femaies were used in each trial, competition for ovi-.

-

in only’one, or the other,’direction'of q;ienta: -

£ 3 -

sosition gites on a single host 1Padergmayghalegpxamotgdgthégbideal
“csrciefgs;t ; p - < .

orientation response of P. strobi in experiment 22. In experiment 23,

photic stimuli resulted in P. strobi orientation towards the illuminated,

apical half of the horizontal host leaders such that significantly more

oviposition punctures were excavated in this Zone. In experiment 24,

. negative geotaxis and.pqéitivelphototaxis may act in concert, such that .- - .

females oriented to thgﬁapical half of tpe vertical, pprig?tAhost: *
leaders, and oéipositéd in th;s region; Although the differences Gg;e*;
not significant (Table XVII) %eméles produced mo;e %gedinércavitiés:in .
the illﬁﬁinated, apical half'og bothvhoriggntai ﬁbst leéderé‘iﬁ;ékpefiéi
ment 23, and verticalf uprightﬁhost leéders inre#periggnt 24. Tbis'iéiy
sult, added to the‘fact that P. strobi will feea but not oviposit on théi
horizontal host lateral branches in ;£perimént 18 qné énrthe 45° off- i i‘.

vertical host leaders in experiment 19, suggest that the feeding behaviour

g

of overwintered P. strobi is not as closely governed by photic and gravi-

tational cues as is the more critical activity of oviposition.

I conclude that although choice between host lateral branches and )
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leaders as sitds for feeding and oviposition may in pagﬁé&i}chemicaliy‘
. o . o s . - ST gt [ B

mediated, there is no evidence that the choice of oviposition Site within.

L3 o
- -

a leader*dis the result off¢chemical stimuli. Both negative geotaxis and

positive'phdtbtéXES'béﬁ”égé'indépéhdéhﬁly or ih'éonceft}‘fémgui&éiébéf:i”VAWU B

.

wintered‘P.‘strobi to initiate oviposition at the apex of vigorous,

erect Sitka spruce leaders. - : 'K - .

Positive Phototaxis in Host Selection Behaviour

The oviposition behaviour of P. strobi is*%n adaptive.strategy

.as it reduces interfeﬁehce between siblings, yet allows maximum utiliza-

tion of a limited food source. Younger larvae that hatch lower in the
sﬁruce leader, cannot Lqmediatély girdle the terminal, and consequently

do not deprive their olderisiblings,»highe; in the leader; of food. 1In

~ addition, Sitka spruce terminals possess a greater basal diameter than

”**“"“”Wapicaigcross-éecinn:f“Cbnsequeﬁtlyj’ag’fhéﬁWééviI*brood increases in
number lower down the” attacked leader, a concomitant increase in food

- availability is encountered. |




literature, it is feasible to reconstruct a host selection sequence for = ~

.

-

CONCLUDING DISCUSSION

Using the results of this study in conjunction with the published

Weevils overwinter within the forest floor litter at the base

p. strobi.

of brood hosts from which these adults had emerged the previous autumn

15

(Belyea and Sullivan 1956; Stevenson 1967). In the Pacific Northwest,

adults may remain on the brood host lateral branches, feeding intermit-

tently as mild winter temperatures permit (Gara,et al. 1971; McMullen

" and Condrashoff 1973).

/"branches.

- ° v

" In April,

- N

and orient- visually to the prominent wertical trunks of nearby trees.

Providing that conifer regeneration is closely-spaced, a proportion of

P. strobi may disperse to new hosts by orawling during this period.

Responding withrnegative geotaxis and/or positive phototaxis, B

”starved'weev1lS'clImb to the upper“trunk and beginmtO*feed xnathe —bark -

which lacks a thick periderm.

. T

during this feeding period in late April. o

Overhulser (1973),reported4;hataéj st}obi initiatelﬁlighfyat;a

threshold temperature of 21°CT~from the prev1ous year 's dead leader,

the

,,upper porti nxof the liVing bole, and the exposed tips. of lateral

In trapping studies, daily weevil catches were greatest be~

tween 1000 and 1400 hours, on warm, sunny days, when relative humidity

-

P

. overwintered adults crawl'from the dqff:

Mating activ1ty also occurs on brood hosts

5
M
2

"y

and wind velocity were low.

Anderson and Fisher (1956, 1960) examined the response of P.

strobi to the odour of ground-up bark tissue and steam-distilled essen- o

tial oils derived from the bark.of a preferred host, eastern white pine.
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They concluded that bark volatiles w;re repellent to thé white pine . :
‘weevil, and»éu&éestedrthat a factOr(s)ﬂotherrfhan olfaction was involved
in primary host attraction. The present study suggests’thaf Pa strobi’
relies on vision to discriminate between the physical characteristics of fu ;>:_4
acceptable and unsuifabie host leaders. Longer, érect ieaders, approxi-

‘mately 3 cm in silhouette width are preferred by both sexes. The field .. . {:;, <z

flight is concentrated at a height somewhat below the level of suscep- .- T -

tible host leaders. This fact would allow the'fly}ng—beétigg”tb assess

visually. the physiéal properties;gf—neﬁ'bbtential~hosts. Weevil flight

activity duringrspringxaispersal is rather limited. Harman (1975)

{;studiéé/the movement of individually marked P. strobi within an eastern

white pine plantétion, and found that 64 per cent of weevil flights were

terminated within 12.2 m of t starting pbiht.; Inﬁaddition,'57’pér cent

of released wegvils,moved'only nce during'tﬁe May and June fliéht

T Hbé?i;d,fand,no,adults’moved more £ﬁén four times. The longest flight
Vrecorded for males was 4;.4 m;,and for females, 53.0 m.
After arrival on new hosts, the phy;ical and chemical properties ‘ ) ;
of th¢ leader bark like}y determihe ultiméte hostracéeptance Qr rejec-
) tion; Chemical compounds that promote weevil feedi;g behaviour charac-

B

4
terize a preferred host., such aé Sitka spruce, and encourage P. strobi . ° T %
3

to remain on this species;§'R9pellent and/or deterrent compounds detected

/
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T

behaviour is adversely affected by thin host leader bark, in which the -

~

insid¢ and outside cortical resin canals lie close to each other and to

the periderm. Thin bark, characteristic of suppressed or shaded leaders,

permits P. strobi limited manoeuvrability in excavatﬁ?g—feeding'cavitie§

3

around,and*bét&éen the two concentric rings of cortical resin ducts -

without rupturing the liningiepithelial cells,’ As a result, first the

feeding cavity, and ultimately the host leader, are abandoned. A dense
needle distribution, often associated with suppressed host leaders, con-

s;itutes an additional impediment to weevil feeding activity. e T

leader apex, below the términal bud cluster. .

Whereas the location of feedingxgites—in'tﬁé”béik of acceptable

host leadg#s is‘largeiy*&éEéiminéd by chemorgcgption, additional photic o

and gravitational stimuli are required to release oviposition behaviour
- I , J

in P. strobi. Negative geotaxis and positive phototaxis, acting alone

8
.

or in conhcert, can account for the initiation of oviposition at ‘the

-

Results of the present study suggest that there are sex-related

differences in the host selection behaviour of P. strobi. - Females re-

sponded more sensitively to the presence of feeding repellents and/or

deterrents in western red cedar, and also demonstrated a feeding response
- &

to Sitka spruce leader bark extréct that was coreentration dependent.

Ta

In addition, only female weevils discriminated in *avour of the preferred

e b, L gt dfie i e D e s e

host, Sitka spruce, whereas males fed equally on both Sitka spruce and

bouglas=fir. This differential response to chemical repellents and feed- B
P ;

ing stimulants, may reflect the criticak—choic

selection of dviposition sites, as the legless larvae cannot abandon the

~ s
4 - f\'\"g -

ey s

-\r
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host leader in which the eggs have hatched. <
There is some evidence  to suggest that female weevils possess

greater visual acuity than males in the selection of potential host

,rieaders followihg spring dispersal. Females selected only. the 3xlb,cm,7.,wb

vertical rectangle in laboratory orientation experiments, whereas males

distributed their orientation response over three silhouettes, the 3x10

T e N S KG et Ve T EL CA I T T ECtatig ey and  the  7Re T3 e Ho Y TEu it I reT tang 1et

Both sexes preferredvthe vertical rectangle and the 15° off-vertical

‘parallelogram over the remaining four leaning silhouettes, but. only the

_is complemented by superior chemoreception following arrival on new hosts.

~ . ; ) - .
/ “of P. str€£j feeding stimulants from the bark of preferred host conifers,

females expressed an additional preference for the 30° off-vertical
pafallelogram 6ver both the éO° off—vertical'pérallélogram and the
horizontal rectangle, to which only a single female orientéd ih each )
case. These results suggest that female P. strobi are more selective

in their choice of acceptable host lelders in the field, a behaviour that

The present study alsoioffé¥$lsdmé practical leads that pertain
to P. strobi manipulation in the:%isid; . The visual origptatiqn of P. -
strobi to vertical, rectangular sifho#ettes, approximately 3 cm in width,
suggests that traps baited with.the population aggregation pheromone
should be of}this&approximafe Aesigp, arid deployed at the height o éué—

ceptible host leaders: in the plantation. The isolation and identification
et

+ e

Ao e T A R 8o e 2

4444;#i;;g;gghybridgsusceptibilitygtogweevilliﬁngandgsubsequentlygéurtéi1 or elimi-

nate costly field studies that often require years of exposure to natural

& e .
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weevil populations. Similarly, the isolation and identification of

13

naturally-occurring feeding repellents and/or deterrents from western

red cedar, may permit their prudent application to host specieS‘Qﬁ§cep— ’

. N

tible to weevil attack during spring and early summer months. R\\.
R 3 B - | \\,‘
- »
) _ .
P odg
@ -
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g CrER: TIVE INTEPESTS . - . ) )
Freelance Writer and Photographer: Illustrated articles on .‘ y
natural history topics for publication in international
magazines «
- [ - - - - Tl e = R B P - . ) ; S . Lo e — -
- - Sports: skiing, hiking, scuba-diving, squash, handball
;ﬁ*"" ) :l‘ o B ’ o .

WORK EXPERIENCE -~ SRR L , ' =

Greennouse Labourer: LOINeE Park Florists

4‘4‘4*4‘4‘4‘f‘*44"44445H?EfVi36f4—PGE%AGfedit—Flefist . - ‘

' Mississauga, Ontario; 1958-1964 ,
~Duties: Greenhouse ‘maintenance and repair; crop plantlng,
cutting, shipping - .

. Mississauga, Ontario; 1964-1965 .
7 - ) Duties: Greenhouse maintenance and ré§a1r, CEOpD rotatlon : .

Research Chemist: Empire Chemical Company I

4 j Toronto, Ontario; 1966

Dutles- Organic synthesis of insect repellents, sugar sub- . .
. stitutes, fine pharmaceuticals

. -

o Lechnlcal Sales Representative: Rohm and Haas Canada
Yoo S - - % .. .. .. ..Toronfo, Ontario; 1969- 191‘%1

e Dutles. ‘Sales and techn1ca1 service in acryllc polymer
. coatings; transferred to Vancouver, British Columbia

i

= in 1972. Expanded duties 1ncluaea sales and technical
- o service to coatings, agricultural, plastics, mining, =
- . ,and,constructlon,1ndustr1es throughout Western Canada
$ - : . . : - ' — S -
TEACHING EXPERIENCE e
. y .
Demonstrator: Uniéorsfiy of Toronto L
”»

Introductory Botany; 1966-1967 - _ .
. ' Organic Chemistry; 1967-1969 . . :
= r . e coe
Peaching Assistant: Simon Fraser University R
- .

b - T .

. o Introductory Biology; 1973=1974 -
- ~ Biology of Vascular Plants; 1975 . T )

DY an Ot

Plant u\'ua.vgz 1975 — -

Animal Epology, 1976 . ] -
Introductory Ecology; 1976 -
QGeerparative Ethology; 1976 s
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