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In I&raaoq f k i h a 5  biwssays,  P i s s a d e s  str&i. adults discrimi- 

nated &&en pref$Lrr& and no*-*mst conifer species an the basis of 

c lose - rmge  or contact cbwrretception. I n  two-way choice bioassays b o t h  

?'-.I 

sexes  preferred ta feed on Sirka spruce rather than western red cedar, 

F a e i e s  preferred SEtka sprwe eo Zouglas-fir, whereas males did not d i s -  

cr m i n a  te betueen these ELLM 5pecie6, When p r ~ s m t & e j t f z e ~ i t k a ! r o c e ~  

both sexes fed ecpaBPy on Spakrt spruce, Douglas-fir, and western hemlack. 



experiments, the rest&% of three-way choice bioassays smJge&ed that 
I - -  

eastern w h i t e  _rime is the mcastrral h s t  sf both western P- st;rcM polpu- 

l a t i o n s .  Whkreas P. strobi reared from eastern white pine preferred to 

feed on its natural hast rather than on ei ther  of the  western sp-,-- - - 

% -  

e - + 
> 
f P ,  strubi reared f r w  EngeImam spruce did not discriminate between 

% 

eastern vkite pine 6 its natural host, Engefmdnn spruce, but fed sig- 
* 

n i f 2 c a n t l y  lass on S L t h  spruce. P .  strobi reared from Sitka spruce, 
* 

W e v e r ,  fed equally on allythree host species. These resu l t s  suggested 

that P .  strobi has diqprsed  west across North America, aciapting its 

h o s t  sefection behavisw in turn to Engelmann spruce &id then Sitka 
7 7 

s i ruce.  The data su&rt $he contention of Smith and Sugden (1969) that 

khe two western weevil populations are ecotypes of P .  strobi Ppqk rather 

t han  distinct species. 

Vision plays an Fnportant role in initial orientation of over- - / 

at=Y 
ntation experiments using black cardboard silhouettes suggested 

k' 
r 1 thdt b t h  sexes are predisposed to at-k vertical or near-vertical 

.e 
Sitka spruce leaders Unat are approximately 3 cm in silhouette width and -; 

4 

a b v e  average in l ength .  Field data confirmed that both sexes selected 

only the longer, larger-diameter bst leaders from among the available 

d 

leader population. For brood bsts reattacked the second year, stepwisl - 

Y'- ci+scriminant analysis was perfumed 53 several host chard eristics to B 
&seizxp.isS.r w e w = l l &  and antattacked iateral branches in host ckowns. \ 
'EIE single mst efficient iateraf branch property to 

. - v 
fication was lateral branch length, In conjunction with anqulaz I 0 



The s e l e c t i o n  of aviposition s i t e s  by gravid female P. strobi on 
- -  - 

excised ho~t leaders i n  the laboratory is governed by p s i t i v e  photo- 

g taxis and negative geotaxis.  These mechanisms, however, exert relatively 

may be largely deterrzind by chemreception. During the spring ovi- 

p s i t i o n  pried, positive phototaxis appears to be the more predolniqant 

2 * * ~ r 9 - & ~ & ~ ~ d n i s m - ~ ~ e - o ~ ~ a c i n g  i n  concert, 
" f 
f can account for khe ovipsitfon pattern p oduced by P -  strobi each spring 

r 

in the-apical region of erect Sitka spruce leaders. 



who encouraged their children to learn, 

and gave to them as best they could 



upon the earth, but they are exceeding wise: 

The ants are a people not strong, yet they 

prepare their meat in the summer; 

The,conies are but a feeble folk, zet make 

they their houses in the rocks; 
-C1 

- 

The locusts have no king, yet go Ehey 

forth all of them by ban- 

and is in kings * place?=. 

I 

Solomon 30:24-29 



~ r o r i t i s p i e c e .  ~issodes st;obi initiating 
f l i g h t  frm the terminal bud of a Sitka 

spruce lateral branch 
C 

v i i i  
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OST SELECTION BEHAVIOUR IN PISSODES STROBI PECK 



INTRODUCTION 

r, 
P i s s o d e s  strobi Peck i s  a n e a r c t i o  weevil spec ies  damaging t o  

-i -. 
t he  terminal  shoot  of young 'conifer regenerat ion,  p a r t i c u l a r l y  eas te rn  

white p ine ,  P i n u s  strobus L. ,  Engelmann fipruce, P i c e a  e n g e l r h a n n i i  Parry,  

, 
and S i t k a  spruce, P .  sitchensis (Bong.) Carr. Following f l i g h t  d i s p e r s a l  

* - from previously a t tzcked brood hos t s  (Overhuber 19731, females o v i p o s i t  : 

-- 
i n - ~ ~ - m d - e a ~ l ~ ~ u r l e ~ n f e e d i m ~ a ~ i t i e s  excavTted i n  t h e  bark of  

vigorous, one-yeaf-old hos t  l eader s .  The eggs hatch a f t e r  ahout two 

\ weeks, and t h e  l e g l e s s ' l a i v a e  feed downwards wi th in  t h e  cambial zone con- 

swLng phloem and c o r t i c a l  t i s s u e s  (Belyea and Su l l ivan  1956; Steyenson 
. P 

f 

Concealed beneath t h e  i n t a c t  periderm, o lde r  l a rvae  
./ 1 

eventual ly  congregate t o  form a uni ted  feeding f r o n t  o r  r ing ,  which re-  
- - --- - - 

- - - - 
- - - - -- - --- -- -- - 

s u l t s  i n  the  g i r d l i n g  and death  of a t  l e a s t  two, years' l eader  growth. 
* 

Leader e t i o l a t i o n  and red needle d iscoloura t ion  a r e  both indic-ative of 

successful  P .  strobi a t t a c k  on Qosts i n  the  f i e l d  by l a t e  Ju ly .  Fourth- 

insba r  l a rvae  may pupate wi th in  t h e  p i t h  of l a rge r -d iamete r l eaders ,  o r  

cons t ruc t  chip cocoons of shredded wood f i b r e s  on t h e  p i t t e d  su r face  of  

t h e  x y l e m .  New generat ion a d u l t s  of P .  s&obi, whkh  i s  univol t ine ,  

emerge from d e s i c c h e d ,  dead hos t  leade* i n  l a t e  August and e a r l y  Sep- 

I tember, chewing e x i t  -holes  t h r o w  the thi-. Prc  winter ing  

weevils  feed i n  t h e  l i v i n g  bark of  t h e  lower s t e m  and l a t e r a l  bazhes  

of brood hos t s  u n t i l  unfavourable weather fo rces  t h e  weevils  t o  seek 

s h e l t e r  wi th in  t h e  f o r e s t  f l o o r  l i t t e r  (Belyea and .Sullivan 1956). I n  



rr) 
f 

t h e  milder winter  c l imate  of  t h e  P a c i f i c  Northwest, P. strobi may over- 
, 

win te r  on wood hos t  l a t e r a l  branches, feeding intermit terkt ly when , , 

temperatures p e r m i t % ~ a r a  e t  a l .  1971; 'MaMullen and Condrashoff 1973). 

Considerable resources i n  both time and research  e f f o r t  have 

4 

been a l l o c a t e d  t o  t h g  s e l e c t i o n  of  hos t  con i fe r s  r e s i s t a n t  t o  weevi'lling 
0 

by P. strobi (wrighe and Gabriel  1959; Gerhold 1966; Connola 1966; ' 6 
. . * " 

JF'owler and Heimbtgger 1969; Gar re t t  19f.3; Mitchell  e t  a l .  1974) . These 

* s t u d i e s ,  ~ g w e v e r ,  lacked a fundamental apprecia t ion  of t h e  weevil-host 

i n t e r a c t i b n  i n -  terms of t h e  f a c t o ~  t h a t  govern hos t  suscept ib i l i* .  - +. 
dec i s ions  t o  r e f o r e s t a t i o n  programs of 

"r 
sugcepqble  spec ies  cannot  'be gooted i n  r e l i a b l e  pxperimental evidence. 

b 

I presen t  s tudy was designed t o  i n v e s t i g a t e  s e v e r a l  d i s c r e t e  
a * -  

3 - 
" 

s t e p s  i n  t h e  hos t  s4election behaviour of P: strobi.ir. My broad ob jec t ives  
-- -- B . - 

-app w e r e  t= i n v e s t i g a t e  : t he"  ro& o f  chemoreceptio+n h o s L s p e c i e s d i s c s i m -  -- *---- -- 

4 
i r k i o n ;  t h e  r o l e  of  v i s ion  i n  P. strobi o r i e n t a t i o n  t o  p o t e n t i a l  hos t s  

7 - 
follbwing f l i g h t  d i s p e r s a l  ; and t h e  r o l e  of  - geotaxis  and phototaxis  i n  

D . 

t h e  se1ec:ion by female P. strobi of feeding 'and ov ipos i t ion  S i t e s  

wi th in  t h e  microhabitat  of s i n g l e  hos t  leaders .  
# 



In the process of host selection in Coast habitat, 
- 

P .  strobi must discriminate between its spruce and a A 

* 

number of coincident conifer species that include Dpuglas-fir, P s e u d o t s u g a  * 

1 .  - r m e n z i e s i i  (Mirb . Franco, western hemlock, ~ s u g a  h & t e r o p h y l l a  (Raf . ) Sarg . , 
and western red gedar, T h u j a  p l i c a t a  Donn. Although factors such as 

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

1954; Silver 1968)-,'%&timate selection between potential host species is 
1 

' likely made on w asis of'chemical stimuli perceived at close range 
(Dethier 1954). This close-range would fall in the second, 

0 

third, or possibly fourth categories of Beck's (1965) four-phase phyto- - 
- - phagous ins%< feedin$ behaviour sequence : (1) host -plant recognition and ' 

3 

cessation pf feeding followed by dispersal. That such discrimination 

" - 
exists in the white pine weevil is indicated by findings that more bark 

- 

- 8  ' 
feeding cavities were-produced on its preferred host P. strobus L., th& 

t 

on either of two alternate hosts, P. banksi'ana Lambert, and P. resiaosa 

Ait. (Plank and Gerhold 1965) . 

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

preference bioassay for P.  strobi, (2) to determine the eFfec3 of host ,/' 
+ A" 

diameter on feeding preference, and,,(3) to determine the chemical basis 

of host selection by P .  strobi through choice and forced feeding experi- 
. * 

ments utilizing natural and extracted host material. 



~ e t h o d s  and Materials - 
-- 

Pre-wintering weevils were col lected in  the  'laboratory i n  l a t e p  
- 

-- 
summer 1974 and 1975 folaowing emergence from successfully attacked S i tka  " 

* 

L - 
spruce leaders.  These terminals had been field-collected Tn Id t e ' Ju ly  - - 

- - % 

and mid-~ug&t irom three  l o c a l i t i e s ;  the  Kelsep Bay region of vandouver 
t 

1 sland, t h e  University a•’ Br i t i sh  Columbia rjesewch Forest ,  Maple Ridge, - 

' > 

lowing col lect ion,  the leaders  were s tored a t  0 t o  2Ot?-and moved t o  mom 
-, 

temperature as new adu l t  weevils were required. 

After emergence, each weevil_ was isola ted and sexed, and groups 
< 

of weevils were held- in  ja r s  a t  0 to,2*C on Si tka  spruce l a t e r a l  brarich- 

sect ions-  Qrior t o  each experiment, weevils were conditioned for 24 ""- 
S 

hours a t  20 t o  21•‹C with access t o  water (moist cotton) but not food. 

' In  bothforced and choice feeding experiments,- lateral  branch - 
- - - - - - -  -- - a *  - - 

i. 

s e c t ~ o n s w e r e  used. Witjhone exception, a l l b r a n c h  sect ions  within - an 
* 

experiment were of approximately e+l cross-section'al diameter. Fresh 
* 

3 o r  4 cm sect ions  of ~urrent~or 'one-year-old l a t e r a l  branches were - used ' 

d i n  each feeding'bioassay. A lLcu t  sur faces  w e r e  sealed with para f f in  - + 

wax t o  preclude excessive-release of host  v o l a t i l e s  "and weevil feeding 
c. 

- -- 
P n exposed t issues .  . . 

J n  a l l  experiments, s ing l e  weevils of ei$her sex w e r e  exposed to. 
1 

various t e s t  m a t & ' i a l s  or stiqyli. I n  confrast t o  other  expeximent? on- 
* 

P. slobi (Plank and Gerholgt 1965) , or other: insec t s  such as Scolytgq - 

-a. - mut~strxaeus ~ ~ a r s h a m  tmscnlavo et a - I%SI 1n w z 1 1 d r g  2s ar ~~ - .  > 
were tes ted ,  use af a s ing le  insec t  per  r e p l i d t e  precludes in te rac t ion  + 

f 



among beetles, and allows an assessment of individual capabi l i ty  and , 

varia t ion i n  host discrimination within a population. 
* 

The experimental b i ~ a s s a y  apparatus consisted of a 448 ml glass  - 
4' 

jar inverted over a f i l t e r  paper floor on which res ted the horizontal-  

f t e s t  materials. * A s  many as 80 individual assays in4 some experiments a 

were run simultaneously on a countertop in  a l&ratory maintained a t  

approximately 20 t o  21•‹C. Within any bioassay s e r i e s  (e.g., 10 rep l i -  

Y 

weighing the f & a l  mater ia l  produced over the 24-hour t e s t  in terval .  

4 C 

cates of individual females on Douglas-fir), the  host material  i n  each . 

apparatus was clipped from dif , ferent  t rees .  Therefore, each fleeding - 
experiment incorpor ted  +urn va r i ab i l i t y  of both insec t  and host  corn- 

3 . -  
ponents. During an experiment, t he  posit ion of each weevil i n  the appa- 

ra tus  was recorded p e r i d i c a l l y .  These observations provided an 

k indication of the  speed and p lan t  recognition and 

orientation.  Feeding on each test material  i n  the  case of forced feeding - t  
- 

- 

biuassays w a s  assEsse-d by Zo-mt-Fng feean@ punctures i n  the  bark and by 

The t o t a l  number of feeding cav i t i e s  produced on a l a t e r a l  branch is  a * 

rr # 

- measure of the  b i t i ng  response t h a t  init i 'ates feeding on a po ten t ia l  

host. Maintenance- feeding ac t iv i ty  involves ac tua l  food intake and 

- k 
- 

a 
was hypothesized to be -&elated more closely with the  weiGht of feces- 

-, 
produced. I n  ?st choice. f@?ing bioassays, only the  number rof punctur& 

- 1% . - .  -- 
produced on each l a t e r a l  ~ ~ % i o n  was counted. 

* 

Preference of P. &obi f o r  larger- o r  small8r-diameter lateral 

branches was assessed i n  a choice experiment.--In each of 10 rep l ica tes  

fo r  each sex, the larger-diameter branch section was cu t  f r o i - h e  base - # % /  



- 

diameter section was cu t  from the  t i p  of the same l a t e r a l .  I n  t h i s  

manner, differences i n  chemical composition and physical parameters such 
% v 

as bark tex ture  and needle d i s t r ibu t ion  within a rep l ica te  were minimized. - 

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

1 
A i 

rbther Pacif ic  Coast conifers,  Douglas-fir, western hemlock, and western - 

C 

host l a t e r a l  sect ion fdt 24 hours. Two exp&;nts were conducted, the- 
b 

f i r s t  replicated f i v e  times and the second 10 times f o r  each sex and 
,. 
\ L\ 

conl ter  species. Visual observation of weevil posi t ion and determination 

b 

of feces weight were car r ied  out  only i n  the second 10 rvp l ica te  experi- - 
men t , 

\I 

Analysis of vakiance (ANOVA) was performed on the feeding puncture 
P L L  

data o f  the  combined 15 rep l ica tes  and a l so  on the feces weight data 

I 

obtained i n  the  1 G  rep l ica te  experiment. 

The a b i l i t y  of pre- strobi adul ts  t o  discriminate 
- - -- -- - - - 

- - - - - -  - 

between host and non-host conifer species was assessed by exposing s ing le  

* 
&evils t o  antwo-way choice of host l a t e r a l s ,  one of which was always - - 

- * 

Sitka spruce, and the other  e i t h e r  Douglas-fir, western hemlock, o r  - . 
western red cedar. The choice of l a t e r a l  sections was usually between 

material  of the '  same age, i. e., both w e r e  current-year o r  one-year-old 
'lkf 

l a t e r a l s .  However, t o  s a t i s f y  equal cross-sectional diameter require- 

ments, it was s o l n e t i m e s  necessary to  pa i r  one-year-old Douglas-fir or  

+ 

r b l W a  spruce materials,  The 

choice experiment invn1vea 10 r a p l i c a t s  for pm 

combination. 



I 

The hypothesis that western ied cedar cont a repellent and/or . 
0 * 

-7 
a feeding deterrent for P. smobi was investigated y utilizing a ceda P 
exudate. This exudate-was obtained by pressing lateral branches (strippe 

? 

- - m- 

of scale-like leaves) in a 15'toe hydraulic press. A clear amber liquid S was obtained following filtrati to remove ma&ter from the ' 
1 

exudate. Control branch sections were soaked in tap wate%for four d.ays, 

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

tion. Adjacent 3 cm sections from current-year Sitka spkuce'branches 
-- - 

_werr_e_used 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 sections were-air-dried 

on cheesecloth prior to use in the bioassay. The two-way choice experi- 
'95, 

A - 
rnent comprised 11- replicates for each sex. 

was further determined &ough extraction and bioassay procedures. In 
F ,r' . early spring 1975, unattacked itka spruF legers were collected from 

the District of Mission Forest, and of all needles 
1 - 

and the terminal bud. The bark tissue was peeled from theelem and f 

h 

inmediately extracted with 50 per cent ethanol in gblender - for 15 min-  

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

feeding stimulant activity at three concentrations: 0.185, 0.093, and * - 
a 

0,046 gram equivalents of fresh bark tissue. 

* 
t In this bioassay only, overwintered P. strobi adults collected. 

from Sitka spruce leaders in early spring 1975, were used rather than 
pre-wintering weevils. % 



>\ AS in similar experiments with other insects (Loschiavo 1965; 

No~ris aAd Baker 1967), elderberry pith discs were used as the inert sub- 
I 

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

. thick and 12 nun in diameter) were placed inside and flush with the rim . 

of smalJ, plastic vial caps. Approximate1 0.075 ml of the 50 per cent 

ethanolic extract were added to the exp rimental discs and an equivalent 

amount of 50 per cent ethanol .to the cont 01 discs. Each experimental 
< C 

apparatus consisted of a plastic petri dish inverted over a filter paper 
# 

floor on__which_r_e?_tedAhe--expe- _- - - - - - - -- - - -- d _ c o n t r L p l a s t i c - c a p s S - ~  
f 

single weevil of either sex was used per teplicate, and its position in 
3 

the apparatus recorded at five or 10 minute intervals until feeding 

actiwity subsgded. ates were used for each sex and for each ' 

f * 
stimulus concentration. 

Effect of Host Diameter on Feeding Rate 1 ,  
Both sexes of P. strobi preferred to feed on larger-diameter 

~itka' spruce lateral branch sections (t-test, P<0.05) . Following their 

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

oriented to the larger-diameter spruce hections 'ep&ly in the 

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

on host sections 5.2k0.9 nw in dweter, whereas a1mean of 0.5 feeding , 
h I 

cavities were initiated on'smalGr-diameter host sections 3.9f0.9 nrm in 

~ V u r l ,  
- - .  a mean or 4.1 reeding punctures on 

9 
Sitka spruce sections 5.321.0 rmn in diameter, whereas .a mean of 1.6 feed- 

were produced on smaller-diameter 

I 



- Figs. 1, 2. Posit ion of-pre-wintering Pissodes strobi 
adul ts  over 24-hour period when presented a choice of 
d i f f e r en t  diameter, 3 an sections from the  same, c u r r e d -  
year l a t e r a l  branch of S i tka  spruce. One weevil per  

' rep l ica te ;  10 rep l ica tes  f o r  each sex and choice co 





in cross-section. Ninety per Lent 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 
i -. ANOVA of the forced feeding results indicated a significant host 

i. & 

effect. P. strobi produced significantly more feeding - punctures on both ' \ 
b 

more feeding cavities on the latter species than okwestern red cedar 
4 

( ~ a b f e  I). - 
The ANOVA based on feces weights indicated that P ,  strobi fed 

equally on*Sitka spruce, Dauglas-fir, and weseern hemlock, but fed sig- - 
nificantly less on western red ,wdzc,(Table I) . 

Q * Although the weevils oriente fairly rapidly to Sitka sp 

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

marked orientation to western red -cedar - {Figs c-9r -10) .---- -- 

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 
k, 

ade an early and distinct 

choice in favour western red cedar (Figs. 11, 

Both sexeswf P. strobi preferred to feed on the water-soaked , 



Table I. Feeding q e t i v i t y  of pre-wintering Pissodes strobi a d u l t s  when 7. --- - . ,> 
presented with 4 cm sec t ions  o f  hos t  o r  non-host l a t e r a l  branches f o r  
24 hours. One weevil per  r e p l i c a t e .  Feeding puncture d a t a  and feces  
weight d a t a  based on 15  and 10 r e p l i c a t e s  f o r  each sex  and con i fe r  

, 

spec ies  r e spec t ive ly  
-+ I - 

Mean number of feeding , Mean weight of f eces  
punctures pr0duce.d per  

Conif e'r Species weevil 

S i t k a  <pruce 

Western hemlock 
a 

Western red  cedar 0.1 0.3 0 . 2 ~  0 - 

'Means i n  a col- followed by t h e  same l e t t 6 r  not  s i g n i f i c a n t  2' d i f f e r e n t  (Newman-Keuls, P<O.O5) . 
i 



Figs. 3-10. Number of pre-wintering Plssodes strobi adults 
on 4 cm laterakbranch sections of four conifer species pre- 

2 sented singly over a 24-hour period. One weevil per rep l i -  
cate;  10 repl icates  for  each sex and conifer species 



WESTERN RED CEDAR 

TIME IN HOURS 



2 
rgsponse of pre-wintering Pissodes strobi adul ts  when 

cm sections of host and non-host l a t e r a l  branches 
e r  r,eplicate; 10 rep l ica tes  f o r  each sex and 

Table 11. Feeding 
presented a choice 
for  24 hours. One 

\ t w  -choice combination 

Choice of 
t r e e  species 

feeding 
xes/weevillr 2 

F e m a l e s  
- -- 

Sitka spruce 8" 

Douglas-fir 2 

Sitka spruce 7 3  1 

Western hemlock 
- 

Sitka spruce 

Western red cedar 

1 M a l e s  

Si tka spruce 9 6.4 " 

Western hemlock 

Si tka spruce 10 

Western red cedar 0 0* 

%ach mean calculated by dividing value fo r  each host  choice by 
the t o t a l  number of surviving weevils. 

. . r .  
s q n l  r LC a r r ~ e ? + n P p r d  2 d n ~ m  0.01 ) . 

b e e v i l  d 'ed during 24-hour t e s t .  Replicate discounted. t 



Figs. 11-16. Position of pre-wintering Pissodes strobi 
adults over 24-how period when presented a choice of 
cm l a t e r a l  branch sections of Sitka spruce and one of 
three non-host 

repl icates  
species. 
for each 

One weevil per- repl icate;  10 
sex and choice combination 



CHoe BETWEEN SlTKA SPRUCE & WESTERN HEMLOCK 

3 
TIME IN HOURS 

t 



f Sitka spruce l a t e r a l  sect ibns  ra ther  than on host sect ions  soaked i n ,  , 
- - - - -  

1 * 

cedar exudate, although t h i s  difference i n  feeding r a t e s  was not s iknif-  e 

i can t  fo r  males i ~ a b l e  111) . U p  t o  f o k  individuals of e i the r  sex were 
9 

i n  contact with the exud3te-treated s e c t h s  a t  soge t i m e  i n  the  ekperi- 

ment, and a low contact r a t e  pers is ted Qroughout the  t e s t  (Figs. 17, 18) .  - 
r - -  - - 

Moreover, although not a l l  weevils in-contact  with exudate-treated sec- , - - 
C 

0 , . 
t ions  i n i t i a t e d  t e s t  punctures, t h e  production of feces by males t ha t  

. .  P 
did not feed on untreated sect ions  (Table 111) indicates  t h a t  food inges- 

t 
-- 

t ion  d id  occur once a weevil had i n i t i a t e d  a&es t  punctugk on an exuaate- 

t ed  section. 

Bioassay df Extracts Prepared from Si tka Spruce Bark 

Although the feeding response was ya r i ab l e  (Table I V ) ,  signi,fi- 
* 

* 

cantly more female P, strobi fed longer on p i t h  d a c s  containing the - -- - - -  . - 

controls  (X2,  P<O.OZ5) : The number of females feeding on ex t r ac t s  of 
. . 

lower concentrations was not s ign i f ican t ly  d i f f e r en t  from the  nqnber of 

> - 

P. strobi feeding a t  some t i m e  on control  discs.  However, with decreas- 

4 

ing concentration of t he  50 per cent  ethanol extract ,  the  number of 
I - 
7 

females feeding on extract- t reated d i scs  decreased, but  remained consis- 3 

* t 

t en t ly  g*ter than tRe number feeding 08 the solvent controls  (Table fV) .< . ;4 
3 

I n  addit ion,  feeding duration per fenaale_decreased with decreasing con- c 

centrat ion OF the  Si tka-spruce leader  bark extract .  The feeding duration . $ 
C 

- 
& 

of male P. strobi indicated a consis tent  l ~ w  l eve l  feeding response to  t 
i 

the  Si tka spruce bark ext rac t  t h a t  did  not appear'to be concentration 4 
dependent (Table IV) . 

L 



- 
- r 

T a b l e  111, Feeding response,.of~pre-wintering pissodes strobi a d u l t s  when 
presented a choicq  of  3 c m  s e c t i o n s  of  currentLyear S i t k a  spruce l a t e r a l  
branches soaked for four  days i n  western red  'cedar exudate o r  sec t ions  
soaked f o r  an  equal dura t ion  i n  t a p  water.  onk weevil p e r  r e p l i c a t e ;  11 

r e p l i c a t e s  f o r  each sex  and choice combination a 

Aevils feeding - Mean no. Mean- *. 
Treatment of 

a t  some t i m e  on feeding punc- host  l a t e r a l s  f eces/weevil 
e i t h e r  sec t ion  tures /weevi l l  r 2 ( m ~ )  

F e m a l e s  . , 

C e d a r  exudat e-sodfed 

M a l e s  
KJ 

-- 

~ate&-soared 8 
- 

4.5 -. 0.220 

Cedar exudate-soaked 1.5 0.060 

%ach mean ca lcu la ted  by d iv id ing  value f o r  each hos t  choice by 
the  t o t a l  number o f  weevils.  

' t - t e s t  significance levels b e k e e n  p a i r e d  means: *(P<O.LU). - -  A :. 
- - - -  - -  - --l- - -- - - 

-- - --- - - - - -- - - 

The s ~ n g f e  female produced punctures on both l a t e r a l  sec t i&s.  . 
\ 

Tota l  f eces  weight in this replicate; was divided i n  the propor t ion ' tha t  
punctures w e r e  produced on each hos t  l a t e r a l  sec t ion .  The t w o  males 
each fed  on only one sec t ion .  



Figs. 17, 18. Posit ion of pre-wintering Pissodes strobi 
adul ts  over 24-hour period when presented a choice of 3 m 
sections' of current-year S i tka  spruce l a t e r a l  bfanches 
soaked fo r  four days i n  western red cedar exudate, o r  sec- 
t ions  soaked for an equal duratibn i n  water. %weevil 
per keplicate;  11 repl ica tes  fo r  each sex and choice com- 

bination * 





Table I V .  Feeding response of overwintered Pissodes strobi when pre- 
sented  a choice of 50 per c e n t  ethanol  e x t r a c t  o f  S i t k a  spruce leader  
bark or a so lvent  c o n t r o l ,  both so lu t ions  appl ied  t o  e lde rbe r ry  p i t h  
d i s c s .  One weevil pe r  r e p l i c a t e ;  10 r e p l i c a t e s  f o r  each sex '8nd st imulus 

concentra t ion  I 

No. weevils feeding Mean feeding 
t 

Stimulus Concentration a t  some time on durat ion/feeding 

7 .  
e i t h e r  s t imulus weevil (min. ) 

7 

\ 
Q F e m a l e s  

\ - 

S S ~  bark e x t r a c t  0.185 g. equiv. 10 53.5 
+ .  

50% ethanol  0.075 m l  ,-- 1 10.0 
\ 

- - - - - - - - - - - - - - - -- - 

SS bark e x t r a c t  0,093 g . equiv. 7 27.1 

50% ethanol  0.075 m l  2 20.0 
/ 

SS bark e x t r a c t  0.046 g. equiv. 6 6.7 

50% ethanol  0.075 m l  3 16.7 

M a l e s  

SS bark e x t r a c t  

8 
50% ethanol  

SS bark e x t r a c t  

50% ethanol  

SS bark e x t r a c t  

50% ethanol  

0.075 ml 3 

0.093 g , equiv. 5 

'SS = S i t k a  spruce. 
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Effect of Host ~iameter on Feeding Behaviour 

Since chemical differences'between paired Sitka spruce lateral 

sections of different diameter minimal;-.P. strobi likely expressed 
3 

a true vigual response that determines initial orientation to the larger- 

d ~ s ~ o t h e s i s  is supported by the observation that the 

.' majority of weevils orient to the larger-diameter host qections early in 

' , 

, the experiment (Figs- 1, 2).  After the initial choise had been made, 10 
- - - - - - - - - - - - -- 

'7-. 
transfers to the alternate host section were observed CfTve in each 

direction) involving 35 per cent of the adults. 

The orientation to and subsequent feeding preference for larger- 
e 

diameter host material iscof adaptive significance to P. strobi in host 

% 
selection. The volume of the feeding cavities excavated by P. strobibon 

Sitka qpruce is-related to bfh the bark thickness and the distribution, 
- - - - - -- ----- - -- - 

-- - 

of cortical resin ducts, as the*weevils will avoid rupturing the epithe- 
I 2 

rS C 

\ lial cell~,surrounding the resin canals - (Overhulser 1973). Should it be 

impossible for the weevil to feed..around a resin duct, the feeding - 
cavity is abandoned. It is known that thinner bark (Kriebel 1954) and. 

L 

shallow resin ducts (Stroh and Gerhold 1965) are resistance factors in 
i 

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

feeding punctures. + In smaller-diameter , thindarked host material, the 

1 t-n -y een:canals. 

% 
In addition, oviposition behaviour is also adversely affected on thin- 

barked host material, Oviposition in spring follows the excavation of 

1 



- - 
8 

su i tab le  feeding c a v i t i e s  t h a t  must be of su f f i c i en t  depth t o  accommo2 
\ 

date  the ovoid eggs. Sull ivan (1961) indicated thak\host  bark thinner 
\. . , 

than about 0.8 mm is  l i k e l y  unsuitable f o r  the  depositiori'-of eggs which 
- 

average 0.8 by 0.5 mm. Both feeding and oviposit ion b a v i o u r ,  therefore,  

a r e  favoured on larger-diameter host material  l i ke ly  t o  have thicker  bark. 
u 

These r e s u l t s  a l so  indicate  t h a t  in,any choice bioassays, l a t e r a l  

on t he  basis  of diameter. 

The sust-d feeding by7P, , s t rob i  on two non-host species,  

Douglas-fir and western hemlock (Table I ) ,  was somewhat unexpected. How- 

evY ' the  wide host  range of P. strobi suggests t h a t  several  non-host- 

species have some of t h e  r equ i s i t e  host  characterist ' ics t o  induce host- 
- 

------- 
pos i t ive  feeding behaviour i n  t he  absence of an%establ ished host. This 

- - - - - - - - - - - - - pp - - 
-p p- - - - - - 

hypothesis is supported by the  readiness of the  white pine weevil t o  feed 

on western white pine,  Pinus monticola Dougl. (Soles e t  a l .  1970 the  

laboratory although the  species is  not an acceptable host  under morg 

na tura l  f i e l d  conditions. 

Whereas P. s t r o b i  or iented f a i r l y  rapidly t o  S i tka  spruce, 

Douglas-Sir, and western hemlock (Figs. 3-8), ne i ther  sex exhibited 

- 
p marked or ien ta t ion  t o  (Figs. 9, 10) o r  sustained feeding on western red 

6 

cedar ( Table 1) . In  some instances,  hunger Apparently induced the 

9" 1 
'1 ueevi ls  t o  attempt t e s t  punctures, but lack of feces production indicated 

&k of food intake (Table I ) .  More test punctures were observed on the  
t- 

f i l t e r  paper f loor  of t he  apparatus containing western red cedar than 



- 
o t h e r  con i fe r  species ,  sug ng t h a t  t h i s  species  is  r e p e l l e n t  even t o  

s tarved weevils deprived of  fod f o r  24 hours. / 
Feeding Preference ~ e t w e e n  Host A d  Non-host speci f f  

When given a choice,  female P. 'strobi can discri*nate among four B 
1 

common con i fe r  species  i n  i t s  P a c i f i c  coas t  h a b i t a t ,  whereas males do not  

d i s t i n g u i s h  between S i t k a  spruce and Douglas-fir (Table II).. Choice feed- 

ing  bioassays suggest  t h a t  $s tern  red  cedar emits v o l a t i l e  r e p e l l e n t s  

t h a t  block hos t  recogni t ion  and prexent  i n i t i a l  o r i e n t a t i o n ' t o  t h i s  

s p e c i e s .  - -01 faetoryan-st&ory-ha~~+ception- ar e f m p l h t e d - i r r  thep--- 
* '  - 

r e j e c t i o n  of western r e d  cedar. Weevils a r e  r a r e l y  f o w d  i n  con tac t  with 
!A 

it (Figs. 11, 12) , and do n o t  at tempt t e s t  feeding punctures (Table 11) , 

suggest ing repellendy. However, i n  forced feeding bioassays,  t h e  l ack  
- 

of sus ta ined feeding a f t e r  t e s t  punctures have been made ( , . 

c a t e s  gus ta tory  chemoreception followed by r e j e c t i o n  o f  western red  cedar 

S i t k a  spruce,  on t h e  o t h e r  hand, i s ' a t t r a c t i v e  t o  P. strobi such 

t h a t  t h e  f u l l  complenient of feeding behaviour i s  repeated c y c l i c a l l y .  
I 

Chemical s t imulants  p resen t  i n  t h e  bark apparently promote sus ta ined feed- 
* 

i n g  on t h i s  species.  It can be  i n f e r r e d  from t h e  da ta  t h  Douglas- 

f i r  and western hemlock conta in  feeding s t imulants  i n  l e s s  than optimal - 

concentra t ions .  I n  the absence of more s u i t a b l e  h o s t  matizrial (i.e., 

S i t k a  sp ruce ) ,  hunger l i k e l y  promotes continued feed ins  of s t a rved  

weevils.  It is  not  known, however, whether Douglas-fir and western hem- 9 
i 

lock conta in  t h e  n u t r i t i v e  f a c t o r s  requi red  f o r  long-term weevjl U n t e n -  
. I  

ance and reprcduction.  f 



Bioassay of Western Red Cedar f o r  Repellents  
and/or Feeding Deter rents  

The bioassay r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  l a r g e l y  aqueous 

western red  cedar exudate conta ins  compounds t h a t  convert  an accepfable 
\ 

host  t o  one t h a t  i s  unacceptable (Table 111). Reduced feeding by t h e  
\ 

\ 

s i n g l e  female t h a t  f ed  on t h e  exudate-treated sec t ion  suGgests t h a t  feed- 

ing d e t e r r e n t s  a r e  present .  The two males t h a t  f e d ' o n  e x m r ' F t r e X e d  
\ 

sec t ions  showed intermediate- feeding r a t e s  r e l a t i v e  t o  con t ro l s .  I n  

e 
addi t ion ,  c o n s t i t u e n t s  from cedar apparently s t imula ted  ipcreased loco-, 

males moved a t  l e a s t  once from t h e  host  &a te ra1  s e c t i o n  i n i t i a l l v  chosen, 

t h e  highes; t r a n s f e r  r a t e  recorded i n  any experiment. \ 

The nature  of  t h e  a c t i v e  components i n  western red  cedar i B  not  
\ 

known. '   ow ever, t h e  spec ies  conta ins  water-soluble organic t ropolone '" 
\ 

- - - - and phenolics of  -known a n t i b i o t i c  activity(Bartonand-MacDonald 1911) . 
-- 

-The p o s s i b i l i t y  of  n a t u r a l l y  occurring quinones such a s  juglone, a  feed- \\ 
v 

ing  d e t e r r e n t  f o r  S. m u l t i s t r i a t u s  i n  t h e  bark o f  Carya o v a t a  (Mill . )  K .  ' 

Koch (Gi lber t  e t  al .  1967) should a l s o  be considered. Such compounds 
. a .  

f"- a r e  considered t o  a c t  by blocking sul fhydryl  groups on receptor  neuron 

P membrane p r o t e i n s  (Norris  st a l .  1970). The i s o l a t i o n  and i d e n t i f i c a t i o n  

of feeding r e p e l l e n t s  and d e t e r r e n t s ' f o r  P. strobi from western red  cedar 

I 

could l e a d  t o  t h e i r  use i n  p e s t  management, by preventing feeding and 
/' 

ov ipos i t ion  on suscep t ib le  hos t s  u n t i l  b c r i t i c a l  seasonal  and phenological -\ 
per iods  had passed. 



,, 
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Bioassay of Extracts Prepared from Si tka Spruce Bark 

Weevil feeding response t o  the 50 per cent ethanol ex t rac t s  of 
L 

Sitka spruce leader bark (Table I V )  suggests t h a t  host  compounds which 

1 
are soluble i n  a polar  solvent a c t  as feeding stimulants for  P .  strobi. 

C 

Female feeding response appears t o  be concentration dependent, whereas 

concentration of the  spruce bark ex t rac t .  

Refinement of both extraction methods and bioassay techniques may 

J 
allow the i so la t ion  q d  subsequent iden t i f ica t ion  of feeding stimulants 

- 

for  P .  strobi. Knowledge of the  key compounds -could be applied t o  such 

pursui ts  as the select ion of r e s i s t an t  provenances which produce them i n  

suboptimal concentrations. 

I In summary, host  se lect ion i n  P. strobi i s  a coaplex process i n  

- -- 
which chemorecepcion plays a p ivo ta l  the mechanisms tha t  --- -- -- - - 

mediate long-range or ientat ion of P. strobi hLst t rees  

I 
remain &defined, r e su l t s  of t he  host  d i m e  e r  experiments suggest vision k 

f 

as  a potent ia l ly  f e r t i l e  area of fur ther  research.: Close-range discrimi- 

nation between t r e e  species involves olfact ion and contact  chemoreception. 
- .  

Repellent compounds and/br feeding deterrents r e n h ~ f  western r e d  cedar an 

unacceptable host ,  whereas Si tka spruce bark cbptains optimal concentra- 
\ 

* L 
t ions  of compounds t h a t  promote sustaihed feeding ac t iv i ty .  Under appro- 

p r i a t e  physical conditions, these saiife compounds may a l so  re lease ovl- 

poS i ~ d w ~ i ~ P , s t r a b i 7 F ~ & ~ g - d d ~ 0 1 ~ ~ r ~  

cons t i tu te  a behavioural continuum t h a t  is  subject  t o  physical, chemical, 

and environmental input a t  various stages of t h e  host se lect ion sequence. 



tively 

The results suggest thAt female P. strobi respond more sensi- 
- -- --__ ---__ 

than males to active compounds present in both western red cedar 
\ 

-. and Sitka spruce. In addition,'only female P .  strobi discriminate be- 

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

experiments. Fe~ale weevils may kherefoFe be nore instrumental in host 



P,WERENCE OF P I S W E S  STROBI  REARED FROM 

The white pineL weevil, P. strobi, is a species f i r s t  described 
S 

from the leading shoot of "Weymouth p h e , "  Pinus strobus ( 9 c k  1817). 
1 

Currently recognized a s  a major pest  throughout t he  range of eas tern - 

white pine (Fig. 39) from the  Atlant ic  Coast t o  south-eastern Manitoba, 
-- 

the  weevil has been instrumental i n  the curtailment o f  re fores ta t ion  pro- 
i 

grams (Belyea and Sull ivan 1956). Two western weevil populations t h a t  

a re  damaging t o  Egelmann spruce, P . en~eln;annii~~r~e~en_eratio~(Eig~19~ _ 
- -- - - - - 

i n  the  i n t e r i o r  mountains (Stevenson 1967), and t o  S i tka  spruce, P. 

sitchensis plantat ions  (Fig. 19) on the  pac i f ic  Coast (Si lver  1968), - 
were both accorded species s t a t u s  by Hopkins (1911) on t he  bas i s  of h i s  

b 

host se lect ion pr inciple .  

i 

The behavioural ecology of t h e  three weevil populations on t h e i r  -- 

- -  - - - -- - - - -- -- - - 
- -- p- 

v 
respective hosts i s - e s sen t i a l l y  identicalp (Belyea and Sull ivan 1956; 

'W * 
+ Stevenson 1967; S i lver  1968). 

In  s tudies  on the  taxonomic s t a t u s  of t he  genus Pissodes Germar, 

Mama and Smith (1959) and Smith (1962) were unable t o  dis t inguish 

Hopkins' (1911) species engelmami and sitchensis from P. strobi on . 

bas i s  of morphological o r  cytogenetic evidence. . Accordingly, Smith and 
L 

. Sugden.(1969) concluded t h a t  the  two western weevil populations were i n  A i 

* & sP - 
, f a c t  geographic races  o r  ecotypes of P. strobi. 

* 
Tn +hi- - p 

I d r e  ~ ~ i e d - b - y ~  
the  host  from which they emerged a s  follows: from eastern white pine (ex 
EWP) , fron Engelmann spruce (ex ES) , from Sitka sp&e (ex 8s) . 



Fig. 19. Geographical distribution -{from Fowells 1965) 02 
three preferred host conifers of three ~issodes strobi 
populations. Collection sites o? weevilled leaders of 

each of the three host species are indicated 



SlTKA SPRUCE 
- .  * - -  

A Collection sites of 
weevi I led leaders 



C ' 

Table V lists t h e  host  trees.  t h a t  are  commonly r epo r t e9  f o r  t h e  = t- 

th ree  P. s V n b i  populations, (Belyea and Sulli,v=n 1956; Stevenson 1467; - 1 

Smith and Sugden 1969; Yftchell  e t  kl. 1974). A l l  re r t e d  host  species 
-, 

3 .4r - - 

possess vigorous e r e c t  terminals. * 
* 

--- -"_ 
My object ives  w e r e :  (1) t o  test t h e  I host  spec i f i c i t y  of the  three 

- . pxkfsxred na tura l  hosts  usinq 
U 

7 

.forced and choice feeding bioassays, and (2 )  t o  assess ' the  r 

nomic s t a t u s  of the  former P. engelmanni and P. sitch-sis 
- 

-- 
of t h e i r  feeding preferences r e l a t i v e  t o  P. stxobi. 

Meihods and Materials 

New generation adul t  weevils were reared from natugally-infested 

host  material  a s  described i n  M&hodsk and-Materials on page 4. ,, Infested- 

Si t lcaspruce leaders  were collec_ted i n  mid-July 1975, from - t h r ee  k -- loca l i -  - 

- -- -. 
ties ; the  ~e lsgy Bay r e g i o n  o E X o ~ e ~ v ~ c o u v f ? r f  s land, tKeTnlversS1' ty -- 

- 

of Br i t i sh  Columbia Research Forest, Maple.Ridge, B.C., and t h e  D i s t r i c t  

of ,Hission Municipal Forest ,  Fission,  B.C. Weevilled Errgelmap spryce 

leaders  were col lected i n  l a t e  ~ u ~ u s t  from natural  regeneration i n  
2 

Kwtenay National Park, B,C: Lnfested eastern white pine terminals were 

co l lec ted  f ~ r n  p lan ta t ions  and n a t ' k l  regeneration 'in several  south- 

eas te rn  Ontario l o c a l i t i e s ,  Collection sites a re  indicated i n  Fig. 19. - 
\ 

&ing t o  t he  proximity of t he  Xaple Ridge' and Mission, B.C. sites, how- 

ever, a s ing le  t r i ang le  denotes these  two col lec t iog  areas  of w-eevilled' 
33 - 

Si tka  spruce leaders. J 

For both' t h e  forced a d  c h o i p  the methods 
L 

&d evaluation procedures descr& i n  Me&ds and Material?-on pages 



- .  populations of Pissodes strobi 
-- 

P _  strobi P. strobi P. strobi 
Host species (ex EWP) (ex ES) (ex SS) 

I 

Pinus.. strobuz L. : * x + - LL -- - 
- - 

2 
P ,  sylvestris L. x 

P ,  r i g i d a  M i l l .  

P. contorta Dougl. x --- 
--- & 

2 Le--z"- 
X - Picea abies (L.) Karst. x- - -x 

t "_-- - * 4 
- 

P .' glauca (Moench) Voss x x X 

P. w h n a  (Mill. 1 BSP x x X "  



- 
- r to b were utilized, excest tor moditlcations as noted. Current-year 

Sitka spruce and eastern white pine lateral branches were obkained from 

plantations in the University of British Columbia '~esearch Forest, Maple 

Ridge, B.C. Engelmann spruce lateral br es were clipped from natural - -- 

regeneration in PIanning Provincial Park, B.C. and the Merritt region of 

interior British Colucbia, The branches were brought to the laboratory - 

8 
I 

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

" * 
In the forced feeding bioassays, individual weevils were pre- 

-- 

sonted a single lateral branch section of one of the three preferr~d - 

natural hosts. These experiments were conducted on three diffekent days 

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

replicates" for each sex of each weevil population on each of the three - - - -- 

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

completed. Each replicate tested a lateral branch section from a dif- 
- - - - - - - - - - - - - - - - - - - -- -- -- -- -- 

ferent tree, such that variability in the host-insect interyction was 

maximized. After 24 hours, the feeding punctures initiated on each host 

lateral branch section were counted, ane-the weight of feces determined 

for each replicate. 

In the choice feeding bioassays, each weevil was presented a 
. 

choice of three, 4 cn lateral branch sections, one each of eastern white 
I 

#-- 

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

- a 4 0 '  atl C~L~~SS; 3 QI; m L e a  ~ v e f  - 7 - -  - a filter paper floor + on which reSted 

- a 
each weevil population. Tfie choice bioassay was conducted in two parts; 



18 r e p l i c a t e s  were completed*>n 16 October, and an a d d i t i o n a l  12 r e p l i -  

c a t e s  on 8 December 1975. A t  i n y l s  during t h e  choice bioassays,  t h e  
-, 3- 

pos i t ion  of each weevil i n  the  apparatus was recorded. Af ter  24 hours, 
.' 

t h e  number of feeding punctures on each-host  l a t e r a l  branch s e c t i o n  was 

counted. 
* 

' -. ------ I n  t h e  forced feeding b i o a s s a y ~ ,  a n a l y s i s  of variance (ANQVA) was 

performed on both t h e  feeding puncture and feces  weight da ta .  Separate 

ANOVA on t h e  number o f  feeding punctures i n i t i a t e d  on each hos t  spec ies  

i n  t h e  16 October and 8 December choice bioassays ind ica ted  t h a t  d i f f e r -  

ences between groups ere n e t  k i q n i f i c a n t .  Therefore, t h e  feeding pun& : 'C - L .._,_ e 

t u r e  d a t a  f o r  a l l  30 r e p l i c a t e s  were dc%bined i n  a s i n g l e  mul t iva r i a t e  
. 

ana lys i s  of var iance  (MANOVA) using t h e  numbers of  feeding punct,ures pro- 

duced on each of t h e  t h r e e  h o s t  species  a s  va r i ab les .  & p o t h e s i s  (H) 
b 

and e r r o r  (E) cross-product matr ices  w e r e  ca lcu la ted  us ing computer pro- \ 
e 

- - - ?  -- --- 

gr%Bm12V, G r e a t e s t  c h a r a c t e r i s t i c  roo t s  of  each HE matr ix  w e r e  

determined using computer program SFU-EIGENP. C r i t i c a l  va lues  were subse- 
\ 

-quent ly  ca lcu la ted  and c o q a r e d  t o  Heck Charts.  Af ter  ca r ry ing  o u t  a 
* 

P r o f i l e  Analysis,  mul t ip le  c&npar~sons were .made t o  determine s i g n i f i c a n t  

d i f f e rences  between numbers of  feeding punctures pfoduced by each weevil 

populat ion on each of  t h e  three hos t  c o n i f e r  spec ies  (Harris 1975, 

To a s s e s s  one populat ion va r l ab le  which may have inf luenced ob- 

served d i f fe rences  in feeding r a t e s ,  25 weevils of  each sex of each weevil 

populat ion w e r e  yeighed on 2 February 1976. P r i o r  t o  weighing, a l l  
a)r" 

> 

weevils had been maintained a t  2OC on l a t e r a l  branch sec t ions  of t h e i r  



*-A 
\ 

t . f -  
,-. 36 

-\ 
I 

r e s p e c t g n a t u r  a 1  hos s .  0 ,  a n a h s i s  of v a ~ i a n c e  was ber formed on t h e  
I 

-- 
body weight data .  ---- 

----v\ 
:- 

\ 

Results  

0 
1 

A l l  t h ree  P. strobi populat ions i n i t i a t e d  shallow and deep ba- 

punctures on eas te rn  wHite p ine ,  i n  addi t ion  t o  feeding c a v i t i e s  i n  t h e  
2 

neehles,  needle f a s c i c i k s  and needle. t r a c e s  of t h i s  hos t .  On both spruce 

specie-s, however, near ly  a l l  feeding punctures w e r e  ileeper bark c a v i t i e s  

i n i t i a t e d  on thg s t e r igmata l  r idges ,  and needle punctures w e r e  r a r e l y  
- -- L-.-- 

0 

observed. Fhis between-host v a r i a b i l i t y  i n  t h e  loca t ion  and depth of 

feeding punctures may be r e l a t e d  t o  t h e  depth of i n s i d e  and outs ide  cor- 

t i c a l  r e s i n  canals  (Stroh and Gerhold 1965). Since eas te rn  white p ine  

r, r e s i n  i s  r e p e l l e n t  t o  P. strobi (Anderson and Fisher  1956),  shallow punc- 
I 

t u r e s  contact ing t h e  r e s i n  ducts  may be  abandoned. Such behaviour has 4 
. - a l s o  been observed i n  P. strobi fee f ixg  onSi€JGapspruceTmefKIser 1 9 7 3 1 h  - d 

J 

Each feeding,puncture is considered t o  represent  t h e  b i t i n g  re-  

sponse t h a t  i n i t i a t e s  feeding on a given hos t  species .  For t h i s  reason, 
i 

< 

B \j/ 
an ana lys i s  of variance was performed on t h e  t o t a l  number of feeding 

P 
punctures. However, t h e  d i s p a r i t y  in locat ion and r e l a t i v e  depth of 

4 

j 
B 

f =? 

' feeding punctures both within and between host  species  precludes a simple 

c o r r e l a t i o n  of numbers of punctures with t h e  amount of food ingested.  
t 

-3 
' 3  

3 
For t h i s  reason, it is hypothesiz-& &at  f e c a l  weight Is a more accura te  f 
and r e l i a b l e  measure of a c t u a l  food in take .  It w a s  not  f e a s i b l e  t o  mea- 

sure t h i s  add i t iona l  va r iab le  in t h e  choice bioassays, however, as 19.4 

& 

per. c e n t o f  t h e  Qeev i l s  produced p ~ c t u r e s  on.more than one hos t  l a t e r a l  

branch sec t ion .  



- Forced ~ e e d i n g  Bioassay 

/ 

{ In the  forced feeding bioassay, analysis of variance indicated 

there  were no s ign i f ican t  differences i n  the  number of •’@Eng cav i t i e s  

i n i t i a t e d  on each of the  th ree  host  species by a l l  th ree  P. strobi popu- 

ions combined, nor a s i gn i f i can t  e f f ec t  due t o  weevil sex. However, 

P .  strpbi (ex-EWP) i n i t i a t e d  s i g n i f i c e  a-g mwP_s_aa_tke----------------- . . 

three  host species combined than d id  e i t he r  P. strobi (ex. E S )  or  P. 
k '9 

strobi ' (ex SS) (Table V I )  . \ 

1 -. b . 
-- , --yk<pp-p . The feces weight ---- 

'-1 1 - diffekence-%-'n t he  weight of feces produced on each of t he  three  host k. 
\ . species by a l l  th ree  weevil populations combined, nor a s ign i f ican t  e f f ec t  

due t o  bee t le  population. Female weevils, however, produced s ign i f ican t ly  

more feces fee+ng on the  th ree  hosts  combined-than did the  males (Table 
Pa 

V I I )  . I 

- - - - - - - -- - -- - - - -- - - - 
- - 

Choice Feeding Bioassays 

The r e s u l t s  of t h e  MANOVA i n d k a t e d  a s ign i f i can t  weevil popula- 
4 

t i on  e f f ec t  (P<0.01), but no s ign i f ican t  sex e f f e c t  o r  bee t le  by sex 

interact ion.  In addit ion,  the  parallel ism, f l a tnes s ,  and leye ls  hypo- '.. 

theses were re jected (P<0.01) indicat ing s ign i f icah t ly  d i f f e r en t  feedi  g 7 
r a t e s  on the  th ree  host species by each beet le  population, d i f f e r en t i a l  

'feeding on each of t he  three host species,  and d i f f e r e n t i a l  feeding by 

each beet le  population, respectively.  Multiple comparisons between the  
7 

-of each weevil population feeding on the  three  host  species showed 

; t h a t  $. strobi (ex EWP) produced s ign i f ican t ly  more feeding 

eastern white pine than on Engelmann spruce and s ign i f ican t ly  more 



\ h  A 

[I) [I) 
W cn 





punctures on t h e  latter hos t  _than on S i t k a  spruce (Table V I I I ) .  While - 

k 

the  d i f fe rence  between mean number of feeding punctures produced on 

eas te rn  white p ine  and Engelmann spruce by P. strobi (ex ES) was not  s ig -  

n i f i c a n t  (Table V I I I ) ,  s i g n i f i c a n t l y  fqwer f e e d i ~ g  c a v i t i e s  were produced 

on S i t k a  spruce than on e i t h e r  of t h e  o the r  two hosts .  P. strobi (ex SS) 

' d i d  not show any preference  f o r  any of t h e  t h r e e  hos t  species  (Table vIII). 

When the  mean number of feeding punctures producedo on each host  

species  were compared, P. strobi (ex EWP) produced s i g n i f i c a n t l y  more 

- - - - - - - - - 

punctures on its n a t u r a l h o s t ,  eastern-iteepinermaid-~e-twmes-------- 

t e r n  weevil populat ions combined (P<0.05). Although t h e  d i f fe rences  be- 
t 

tween mean numbers of feeding punctures produced on S i t k a  spruce were not  

s i g n i f i c a n t ,  P. strobi (ex SS) tended t o  proauce more feeding c a v i t i e s  on 

* i ts na tu ra l  hos t ,  S i t k a  spruce, than d i d  e i t h e r  P. strobi (ex EWP) o r  

P. strobi (ex ES). I n  a d d i t i o n t a t h e  mean number of feeding punctures 
- -- - - 

- - 
Pp - - - - - - 

produced on E n g e l p n  spruce by P. strobi (ex ES) was not  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  mean number of feeding punctures produced on t h i s  hos t  

by e i t h e r  P. strobi (ex EWP) o r  P. strobi (ex S S )  .  he' mean nunber of 

feeding c a v i t i e s  produced on Engelmann spruce by P. strobi (ex ENP) was, 

however, s i g n i f i c a n t l y  g r e a t e r  than t h e  number of feeding punctures i n i t i -  

a t ed  on t h i s  hos t  by P. strobi (ex SS). 

Weevil pos i t ions  during t h e  24-hour test 

&-&+A skowpskowP in ' P ~ ~ J P  VTTT.- host species  w e r e  contacted 

-weevils of both sexes soon a f t e r  t h e  s t a r t - o f  each .bioassay. However, 

a f t e r  24 houfs, t h e  majori ty of weevils of a l l  t h r e e  poplhlations were 

foundAin contact  wi th  e i t h e r  eas te rn  white p ine  o r  ~ngelmann spruce, 



L 

\ 
Table V I I I .  Mean number o f  feeding  pundtures  producied on each h o s t  by 
pre-winter ing  weevi l s  o f  t h r e e  Pissodes strobi popul$t ions when presented  
a choice  of  t h r e e ,  4 cm h o s t  l a t e r a l  branch s e c t i o n s ,  one each of e a s t e r n  
wh i t e  p i n e ,  Engelmann spruce ,  and S i t k a  spruce f o r  24 hours .  One weevi l  
p e r  r e p l i c a t e ;  30 r e p l i c a t e s  f o r  each s e x  of each popula t ion  on t h e  three-  

* h o s t  combination 
1 

Weevil p o p l a t f  on1 Mean # f eed ing  
Host punctures  pro- 

specieS - p. strobi P. strobi p." strobi duced on each ' 
= 
i (ex EWP) (ex ES) (ex  SS) h o s t  spec ies2  

- Eas te rn  white  pfne  f 8.45a 4.10a 

Engelmann spruce  3.60b 

S i t k a  spruce 

Mean # feeding  punc- 
t u r e s  produced/weevil 4.16 2.32 1.87 
i n  each population3 

- - - - - - - -  - - - - -- -- - - - - - - - - - - - -- 

' ~ i f f e r e n c 6 s  betwhen means i n  t h e  same column followed by side 
l e t t e r  no t  s i g n i f i c a n t  (PIANOVA, P<0.05) . I 

x 4 
P .  

'F latness  hypokhesis r e j e c t e d  ' (MANOVA, P r o f i l e  Analys is ,  P<0.01) . 
3 ~ e v e l s  hypothes is  r e j e c t e d  (MANOVA, P r o f i l e  Analys is ,  Pro. 01) . 

'f - 



Figs. 20-25. Position of pre-wintering adults of three 
P i s s o d e s  strobi populations when $resented a choice of 
three, 4 cm host lateral branch sections, one each of 
meastern white pine, Engebann spruce, and Sitka spruce 
forS24 hours. One weevil per replicate; 30 replicates 
for each sex of each weevil population on the three-host 

combination 



P. strobi (ex ES) -- 

P. strobi (ex SS) -- 

TIME IN HOURS 



ra ther  than S i tka  spruce. Theq rea t e s t  incidence of weevils i n  contact  

with Si tka  spruce a f t e r  24,hours was 14.5 per  cent of P. s t r o b i  (ex SS). - The body weight of female weevils was s ign i f ican t ly  greater  thap 

c t a t  OF males (Table IX j. In addit ion,  the 'weight of t h e  P. &obi (ex 
, * 

SS) population was s ign i f ican t ly  grea te r  than the  pody weight of e i t h e r  
4- 

the  P. s t rob i  (ex EWP) o r  t he  P. s t r o b i  (ex ES) populations (Table I X ) .  

.4: 

Discussiqn 

Signif icant ly  more feeding by female weevils i n  the  forced feed- 
8 

- 0-- -- -- 

ing bioassay (Table VII) , is  p a r t i a l l y  atftributed t o  t h e i r  signif-icantly 
P D 

greater  body weighf (Table 1x1. I t  may also be re la ted  t o  t he  physio- 
, 

' 
log ica l  r e q u i r h e n t s  of ovary maturation p r io r  t o  spring dispersal .  The 

s ign i f ican t ly  greater  number of ' feeding punctures i n i t i a t e d  by P. s t rob i  

(ex EWP) on a l l  th ree  host species combined i n  t he  forced feeding bio,- 

b extensively on its n a t i v i  host  i n  olding 3ars i  and therefore ,  were more 

strongly sfimulated to feed. H o w e k l l  weevils wer, conditioned 

equally by deprivation of food f o r  24 hours p r io r  t o  each 

&?oreover, food ingestion, (as measured by feces weight) by 
b 

EMF) was approximately equal t o  t h a t  of the  remainingxtwo 

expeqiBent. 

P. s t r o b i  (ex 6 

populations 

(Table VII), suggesting s imilar  s a t i a t i o n  levels.  - ,  

The lack of discrimination between hosts  i n  t he  forced feeding 
? 

fa i lure .  of t h e  two western P. s t r o b i  populat-ions t o  discriminate between 

t h e i r  respective na tura l  hosts ( i -e . ,  t h e  conifer  species from which they 

L 



Table IX. Mean body weight for weeyils of three Pissodes strobi popula- 
tiqns. N=25 in each category 

Weevil 
Mean body weight kS.D. (mg) 

population 6 

Females Males" "Both sexes 'combined 
1 

1 

P. stkobi (ex EWP) 

P. strobio (ex ES) 

eans followed by same letter 
P<0.01). 

not significantly different 

2 ~ e m l e s  significantly heavier than males 



a - -- -- -- - - - - - - - - - 

emerged) and eastern white pine (Table V I I I )  suggests t h a t  the l a t t e r  

conifer  is t h e i r  ancestra l  host. Since P. strobi (ex EWP) prefers  t o  
a 

+ feed on eastern white pine, P .  strobi ~ e i  ES) prefep%-tUeed on-both------------. 
- - - -  - - 

) e e e r n  white pine and Engelmann spr&e, and P. strobi feq SS) feeds on . 
- 

a l l -  th ree  host spec i e s  equa3!ly, ' these r e su l t s .  suggest  t h a t  P. strobi h a s  
-- - 

r - - - 

a l te rna te  host species such a s  P. glauca. White spruce is syinpatric - 

with both Engelmann spruce and S i t .  spruce i n  cen t ra l  and north-western d- 
Br i t i sh  C o l d - i a ,  and with both species (Roche 1969). 

Engelmann and Si tka a l l opa t r i c  species. 
L 

1 .  

1 .  
I n  re t rospect ,  _Hopkins (1911) wass prema$.ure i n  according species 

k .  .I - 
s t a tu s  t o  the  two~western weevil population5.on the  bas i s  of h i s  host  

a .  

> '  
select ion principle.  The experimental r e su l t s  support Smith and Sugden's 

-- - - - -- -- - ? 
---- -I-..- .A-- 

'i 

geographic races. 



* , - - - -  -- RELhTION TO HOST SEiXCTION BEHAVIOUR - ----- 

+ 

Eost selection i n  phytophagous insect species is essentially a 

two-stage process Ln which i n i t i a l  or iGtat ion to  a -  potential LhFsflplljiit- - -- " -- 
- 

is  followed by acceptance or rejection of same as a host sui  1 for 
- @ 72 - -  --  

feeding and/or oviposition activity ( ~ e t h i e r  1954) . P .  strdbi -is ca&g 

of discriminating among a t  leas t  s ix natSve conifer species by close- C 

range or contact chemoreception as indicated in  choice feeding bioassay~. 

L i t L I s i ~ ~ o w n ,  hovever, 

orTentation to, and 
= - 

Anderson and Fisher (1960) shoved that essen a1 o i l s ,  steam-distilled s" 
from eastern white pine bark, are P- strobi-, olfactory 

\ 

f 
attraction t o  t h i s  preferred host appears unlikely. - 

- -- -- ~n nature, P, stru&i. _selects_ the- mre viqproL~-, _LSK~~FZ__&+SL!C L- _ . mu -- ___- - 

--- -- 
upright leaders of dominant and co-dominant trees in even-aged stands - 

for spring feeding and subsequent ovigmsitioh (Kriebel 1954; Sullivan 
f 

f 961; Stroh and Gerhold 1965; Coiifmla f 966; H a - d  Kuhan 1969) - 
- L L 2  - 

m e  hypothesis which could account for th i s  host preference in  the f ie ld  
v 

is that P ,  strobi adults &Scriminate visually between smne physical 
- 

characteristics of avaif a b l ~  legders. - 
\ 

Ify objectives were: (1) - t ~  ascertain the physical characteristics c 

.- .. c 2 --: - -4 
or p r w e s  that are iarportant i n  the visual attraction and subsequenk--\ 

d y -&!- - . - - a - - - - - - < -- - A 

crzrientatio&&&' P- strobi to  simple geometric shapes, (21 t o  d e t e d e  tlie 
- 

&capability of P. strobi to discriminate deviation of simple gecsetric 
,- . 

shapes f r m - t h e  Pertical plane, 
f 

and (3) t o  relate these 
-2 

findings to the 



obse&ed host  preferences of P .  strobi i n  the f i e ld ,  --- 
2 

. * 

Methods and Materials 

Preliminary f l i g h t  experiments conducted i n  spring 1975 with P, 
n, 

strobi t h a t  had overwintered n a t u r a l l h  indicated both sexes $ere 

der a var ie ty  of experimental 

with + ~ c i n g  weevils, 

* 
University of Br i t i sh  Columbia Research Forest, Maple Ridge- B.C., the  

t 
--- - 

Dis t r i c t  of Mission Kunicipal Forest, Mission, B.C., and two plantat ions  - r  - - 
* r 

i n  the  v i c in i ty  of Port Renfrew, XTancouver Island, B-C. 

' t  4 
The or ientat ion of overwintered P. strobi adul t s  t o  black card- 

board shapes was tes ted  a t  20 t o  23OC ins ide  an upright cylinder (61 - cm 

diameter x 61.5 cn height)  of white cardboard (Fig. 26) r e s q c g  on a = a f t %  

paper floor that was  repfaced a f t e r  each experiment, Uniform illumination 

7 
of the arena w a s  provided by fluorescent l i g h t s  mounted 10 cm above the 

. . 

black car 
. ~ - - - .  . ~ " . ~ .  . . 

Experiments 1 and 6 w e r e  designed to  *st the nu l l  hypothesis that P. 
' <. 

strobi or i en t  randomly to the cylindek periphery, whereas experireents 2 



t 
- ----. 

Fig. 26. Diagram of apparatus used t o  test  the v i s u a l  
o r i e n t a t i o n  of walking Pissodes strobi adu l t s .  Dotted 
s i l h o u e t t e s  .-. d e p i c t  experiment 5 on t h e  i n s i d e  circumfer- 

ence of the  white cardboard cy l inder  
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and 3 t e s t ed  t o  s i lhoue t te  width and height, respec- 

t ive ly .  P. t o  s i lhoukt te  area was t e s t ed  i n  experi- 
j, 

r 1 

ments 4 ,  7,  and 8, whereas the  e f f ec t  of s i lhoue t te  posi t ion was examined - 
i n  experiments 5, 9, and 10. 

Weevils of e i t h e r  sex were released--f acing i n  random direct ions  
1 

--in small groups of s i x  to-10 individuals i n  the  centre  of the arena 

f loor  and allowed t o  walk t o  the  cylinder wall. Weevils inadvertently < 
6 't 

released bn t h e i r  back were no t tass i s ted  i n  r igh t ing  thernselyes, a s  t h i s  
T - 

periphery. Each insec t  was scored a t  the  point  it f i r s t  contacted the  

wall of the  white cardboard cylinder with e i t h e r  its proboscis o r  pro- 

No time l i m i t  *as imposed on" t h e  response of each beet le .  

9 
Null hypothese? gegarding weevil o r ien ta t ion  t o  s i l h ~ u e t t e j ~ a t -  

1 * terns in. expe rben t s  1 t o  6 were tes ted  using Chi-square a t  one degree 
ir % 

b 
- - - -  - , -- - - -- -- - - - - - - - - - - -- -- 

of freedom.' Y a t e s '  corrxction f o r  continuity was applied when sample 
3 .  4 

s i z e  was l e s s  than 40 individuals.  P. strobi or ien ta t ion  responses t o  
, 

1 -  

t he  9 u l t i p l e  pa t te rns  presented i n  e'kperiments 7 and 8,  and 9 and 10, 

were examined using ana lys i s  of vdriance (ANOVA). ' Six rep l ica tes  s f  ap- 
I . p r  &mately 22 weevils each were completed i n  both experiments 7 'and 8, 3 I 9 

whereas four rep l ica tes  of about 25 weevils each were completed i n  each 
S" 
F 

of ekperiments 9 and 10. T W  proportional responses obtained i n  each 

, r ep l i ca t e  &re transformed t o  t he  a rcs in  of t h e  s w a r b o o t  p r i o r  t o  each 
*C 

* 
analysis  of variance. 

The same group (or  proportion thereof4 of P. strobi of e i t b e r  

-W 
sex was tes ted  t o  each s i lhoue t te  pa t te rn  degcribed i n  Table X. When not 



being .te&ed i n  the  walking arena (Fig.. 26) ,  a l l  weevils were held a t  2- 
u - 

C 

20 to  23OC on Sitka spruce l a t e r a l  branch sections i n  glass  ja rs .  During 
r 

long between-test in te rva ls ,  however, t he  glass ja rs  were transferred t o  

2 t o  4OC t o  minimize weevil mortality. 
t 

Field DaQa . 

6 ef -r-eds- 
\ .  

adul ts ,  the  length and width a t  midpoint (measured both with an 

the needles) were obtained Wr each one-yearAold Si tka spruce 

which.a s ingle  weevil of e i t he r  sex was found feeding o r  res t ing .  "To . --r- 
assess whether the  means of these host 1.eader charac te r i s t ics  dif fered 

s ign i f ican t ly  from the  population means, iden t ica l  data were obtained 
3 

autumn 1976, for  a random sample of current-year host leadeks a t  each of 

the  t h ree t s i t ka  spruce used t o  co l l ec t  the  overwintered P. 

C 

- - - strobi the-previousspring. = a d d i t i o n , h e  host leader population --  - 

L - 
7 data were used , to  assess the  biological  significance 0f .P .  strobi orien- 

, 
t a t i on  i n  expe r?en t s  7 an2 8 (Table X)= 

To determine the re la t ionship of weevil or ientat ion i n  experiments 

9 and 10 (Table X) t o  actua'l p e l d  conditions, the  length, diameter % a t  

ii" = 
fl 

midpoint (excluding *needles)f. and anqul; deviation from ver t ica l :  were 
F 

measured for  each first-whor l a t e r a l  branch i n  the  crown of 44 multiple- 
?\ 

top Si tka spruce t h a t  had-been weevilled i n  6 t h  1975 and 1976. A s  &y 
L 

a s  f i v e  lateral .  branches of t he  f i r s t  whorl below. the dead.19!5 lgader, 

may compete t o r  ap lca l  dormnance in 1 ~ 1 6  t o  create a m i t l p l e  - -. 
Ten such hosts were located i n  the  D i s t r i *  of Mission Municipal Forest, 

Mission, B.C., 20  t r e e s  were University of ~ r i t i s h  Columbia 
a 



- 
Research Forest, Maple Ridge, B .C . ,  and the  remainder i n  na tura l  Si tka  !! 

3 * -  4 
1 B - 3 

; spruce regeneration located south of Ke1s;ey Bay, Vancouver Is land,  B.C. 
a 

In  addit ion,  stepwise discriminant anaiysis ,  program B M D O ~ M  (SzunQ5on ' X 

k 
* 

a- 

1976) was applied to these  host  l a t e r a l  branch charac te r i s t i cs  i n  order &", 4 
t o  ascer ta in  t h e i r  contribution t o  the  classif icaCion of weevilled and - 

4 

3 
uriattacked l a t e r a l  branches. , 2 

i 
1 

Results - - 
4 1 

4 
Laboratory Orientation Experiments 

-- 

The o i ien ta t ion  respOnse of P. stroli i n  each experiment is  given 
.z 

- T 
i n  Fig. 27. Non-responders r e f e r  t o  those weevils i n  experiments l,eo 5 . 3 g 

and 7 t o  10 t h a t  contacted t he  cylinder periphery a t  wwte ,  o r ,  i n  exper- 1 
* * 

C 

iment 6, those w e e v k h a t  contacted black a t  posnts dther  &an d i r ec t l y  . 

below the  black s i lhouet tes .  In  experiment 1, the  n u l l  hypothesis s t a t e s  * 
a s -  

- -- - -that--wee-viLs ~andomZy contact  the-cyl inder-pShpherr  

black and white a r e  presented around the  basal  

board cylinder,  and was re jected f o r  both sexes (X2 ,  Ek0.005) . Both 
f 

sexes of P. strobi were a t t r ac t ed  t o  and 'climbed t h e  black s i l houe t t e s  

presented. Similarly., ne i ther  sex contacted the  4x192 cm black cardboard 

s t r i p  randoml? i n  ekperiment 6 (X2. PcO.005) , but oriented t o  points  , 
Jt 

d i r ec t l y  below the  black s i lhoue t tes  presented. These r e s u l t s  discount - -  t 
t h e  hypothesis t h a t  P. strobi is a t t r ac t ed  t o  black s i lhoue t tes  bs a ~ - 
r e s u l t  of t h e i r  samewhat higher temperature i n  r e l a t i on  t o  w h i t e  card- 

- 

board t h a t  is  equidis tant  from the experimental l i g h t  source. As a re- 

s u l t  of m q n i f  i c an t  v i sua l  o r ien ta t ion  response t o  black s i lhoue t tes  

. i n  e-riments 1 and 6, those weevils contacting t he  192 cm cylinder 



Fig. 27. Number of overwintered kissodes strobi adul t s  of 
\ each sex t h a t  oriented to 'b lack cardboard s i lhoue t tes  i n  

10 expe'riments. Numbers of beet le?  used and the  t o t a l  re-  
sponse td  gach s i l h o u e t t e p t t e r n  dre given below each 
diagram. Non-responders represent those beet les  t h a t  con- 
tacted the  white cylinder wall ,  o r  i n  experiment 6, the  
black 4 cm s t r i p  a t  points  other  than d i r ec t l y  belbk the  ' 
silhouette; presented+- D e s c r i p t Z o n ~ T ~ h o u m e p ~ e r n s - -  - - - ppp - -pp ? 

T&l-X 1 and randomized placement a re  given i n  





circumference at white were excluded fromffurther statistical considera- I 

tion in the analysis of results of experiments 2 to 5 and 7 to 10. - - 

In experiment 2, the null hypothesis stating that P. strobi 
-, - 

orient to black silhouettes randomly, .and consequently in %he 3 : 1 ratio 

of their widths, was rejected for males (x2, W0.005) , but accepted' for 

& wider of the two black silhouettes. In e'xperiment 3, both sexes pre- 
* 

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

b -- 

instance, the nullhypothesis orientation to the silhouettes 

2 
in the 1:l rat& of their widths and was rejected for both sexes (X , 

L 

/- P<0.005). Experiment 4 was designed to assess the relative importance 

of silhouette height and width in the visual orientation 0f.P. strobi to' 
A 

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

5 ; silhouettes in i h e  1: 1 ratio of their areas (x2, P<0.70) , the result sug- - - 0  

- - - . -/ - - - - - - -  - - - -- - - -- - - - - P - -- - - - - - - - - - - 

, 
i 

gests silhouett height and width are equally significant in the response. L i' 
2 / 

* ,  
Fema1e.P. strobi to orient $0 the taller silhouette (X , I . 
P<0.005), ahh therefore, apparen<ly respond more to silhduette height 

than width. J3oth.de and female P. strobi preferred to orient to the 

vertical silhouette (X2, P<O. 005) in experiment 5. Evidently, a pre- 

2 .- ferred silhouette is no longer acceptable when rotated through 90•‹ to the 
- 

horizontal position. - Both sexes of P. strobi'orientea randomly to the , 

iment 4 (Table X I  Fig. 27) , and 

between the siJhouektes mounted 

- * I 

suggests that both sexes were not choosing 

aboqe the 4 cm black strip, but rather 
1 



-- -- 

f 

between those silhouettes which included the 4 cm height increment. 

~xtending the results of experiments,4 and 5, ANOVA applied to , 
1 L 
B 

- 

the orientation response of male P. strobi in experiments 7 and 8 (Fig. 
4 

27) indicated that'significantly m B e  males were attracted to the 3ii0 cm * a 

/'- - 

vertical rectangle than to any of the five remaining black silhouettes 

of equal area (Newman-Keuls test, P<0.05). In addition, more males were 
1 

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

the 9x3.3 cm or the 11x2.7 cm horfzontal rectangles (Newman-Keuls test, 

P<O.O5) . The experiment by silhouette interaction was significant , b;t 

involved only the least preferred horizontal silhouettes. The parallel 

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

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

to any of the five remaining black silhouettes (Newman-Keuls text, - 

-- - - - -- - 

-P<E057. - As was the cZSe7 f5r GIS- oT%5itZtE-thG expe&iment by sil- 
1 

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

ferred horizontal silhouettes. 

ANOVA applied to the orientation of male P. strobi in Qxperiments 

9 and 10 (Fig. 27) indicated that significantly more males were attracted . 
L 

to both the vertical rectangle and the 15O off-vertical parallelogram, 
C 

than to the remaining four silhouettes (Newman-Keuls text, P<O.O5) . &l- 

hou~tte dimensions and orientation, therefore, are important parameters 
C- 

that goGern visual discrimination in males, although in experiments 9 
P 

p d  10, silhouette orientation is unavoidably confounded by the varying 

cross-sectional dipeter and length of parallelograms of equal area, 

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

2 

A 



orientat ion tes ted  i n  experiments 9 'and 10 (Fig. 27)  yielded the iden- 
> * --- 

t i c a l  resul t -obtained for  males (Newman-Keuls t e s t ,  P<0.05). In  addition, 

however, significant,ly more females orienyed t o  the 30•‹ off-ver t ical  
J 

+ - - 
1 

parallelogram th& t o  e i ther  - t h e  60' p f  f -ver t ica l  paraJlelogram o r  t h e  -- i' . -- 

' *  , 
horizontal rectangle i~ewmant~euls  t e s t ,  P<0.05). 

i ' 
I 
I 

* ., 
2 0 

- %- 
> ,  - ,- Field Data - 

C .  Both sex& of P. strobi i n  spring 1976, were found-on 7 .  ' ~. ' s  . * , . .  f , i  

old host leaders t h a t  a re  s ign i f ican t ly  longer and of gr&& &dpoi& - 
c F ' 

plantations i n  autumn 1976 (Table X I ) .  In addit ion, ,  <emale P. stiobi ' *  

d 

were present on S i tka  spruce leade s t h a t  possessed a s ign i f iFant iy  
* 

I -, 
" 

greater s i lhoue t te  width than the  pdpulation mean (Table X I )  .. . Barring . . ,  
4 * * 

a .  

major climatological perturbation,  there  is  unlikely t o  be a s imgni f ican tm=- ,  
- r7 . * -*" * 

. . change i n h o s t  - ldad i r  proper t ies  a t  t he .  same plantat ion s i t e  in $@ces-A - -- - - . ' - \ 
+ - 

a s ive  growing seasons. i = . , * . . 
* g . . .  . . , - 

Table h1 sununarizes t he  phyisical prbpertids of weavilled an& 
D - r b 

l t i  

r P 
- 

unattacked l a t e r a l  branches cknpetinb fo; dbminapce in multYple-top .' " - " e s 

- ,  - 3 e - . i .  4 .  . ; X  
Sitka spruce hosts., heevil led branches were s ign i f i can t ly ' l ongq  and . I 

. a  

! - 
deviated l e s s  from the  ve r t i ca l  than those not a t tacked-in  spr igg  1976%: a 

- - *  * * - 
< -.G 

Table X I 1 1  summarizes t he  stepwise discriminant ,analysis applied I .  
& 

t o  th ree  proper t ies  of ~ i t k a  spruce l a t e r e l  branches measured+ i n  &t@ - :. 
- * - 

L 

1976, t o  s e l e c t  the  character t h a t  best  separated beevil led fr6m un- 1 - -  -- 7 

. P " * 
* 0 -  P - - .  , - 

\ 
attacked l a t e r a l  branches. In  t h i s  stepwise procedure, adtiition& host  - 

a 
?. - - I propert ies  were selected only i f  these contributed s ign i f i cah t ly - to  2 . *  

* 

- r I - 

group separation when combined i n  a l i nea r  function with the psoperty :, 
7 .  . 7 '  

. . . f l  

bp 

. . 
- Q+ . , , * 









f i r s t  selected.  The most e f f i c i e n t  host character was l a t e r a l  branch - 
L 1  - 

length. 6f decreasing importance were angular deviation of the  l a t e r a l  

*, '7 
branch from ve r t i ca l ,  and l a t e r a l  branch diameter measured a t  the mid- 

point  [Table XgII). O f  the  1 0 7 _ ~ i t k a  spruce l a t e r a l  branches excmineg I _ 

on 44 trees, 68.2 per cent of these were corrdbtly c l a s s i f i ed  a s  
* 

weevilxed o r  mat tacked on the  bas i s  of these th ree  measured host  char- - . /  7 *  - ~~> * 

* 

Discussion 

se lec t ion  by P. s robi. Consistent or ientat ion i n  the laboratory t o  \F 
ve r t i ca l  ra ther  th,&-+orizontal s i lhoue t tes  ' suggests t h a t  bverwintered - 
P. strobi are  predisposed to respond t o  ve r t i ca l  Si tka spruce leader 

r a the r , t han  horizontal  la teral ,  branches i n  a f i e l d  s i tua t ion .  The 

or ien ta t ion  preference expressed by- both sexes fo r  t h e  ve r t i ca l  silhou- 
- - - - - -  - 

@ 
-p--ppp-ppp---------- 

ette, 3 c m  i n  width, i n  experiments 7 and 8, corresponds w e l l  with f i e l d  

data  i n  which the mean s i l h ~ u e t t e  wiath of Si tka spruce leaders measured 
r . 

i n  three weevil-infested plantat ions  was 3.07 cm (Table X I ) .  When pre- 

sented two ve r t i ca l  s i lhoue t tes  of the  p r e f e r r e d 3  cm width i n  the 

laboratory, both sexes o&P-  strobi oriented preferen t ia l ly  tor t h e - t a l l 4  

of these. Similarlg,  under natural f i e l d  conditions, both male and - 
female P- strobi select t h u s  host leaders t ha t  are s ign i f ican t ly  longer 

than the length of the overa l l  leader population (Table X I ) .  Al- 

though cearale P- strubi w e r e  cu l l tx ted  in spring 1976, from host leaders 

a t  possess a s ign i f ican t ly  greater  s i l b u e t t e  width than the host  
0 

f population mean ITabie XI) ,*one cannat in fe r  from avai lable  data that 
P 



femgles discriminate t h i s  5.2 pe; cent difference visually following 
L - T  

1 - 
C 

. f l ight  dispersal. -i 7 

Predisposition of P. strobi to  orient , to Sitka spruce leaders ' 

? 
- - 

- - 
-7 

rather than la tera l  branches, is an adaptive repr tion strategy for 

several reasons. l.anger, more vigorous leaders can accommodat 

& 

\ ' pe@,derm--than is possible in  either suppressed host leaders. or smaller- \ 5 

'\ diameter la tera l  branches. Secondly. rapid weevil development to the 
> 

\ -- 

adult stage mus t  be completed pripr t o  lateautumn. as 4 Y .  s€fdbi~an 
. -- 

7 

successfully overwinter as larvae only i n  milder mari t iw climates. . 
f i 

\ . 
Rapidhrood develobent is favoured by the generalljr % higher than ambient 

temperatwe regimes in host leaders exposed t o  direct solar insol "9 
4 

(Sullivan 1%). ~ a s t l ; ,  successful weevilling. of a vigorous host \ 

4 
Its in a multiple-top crown due to first-whdrl l a t e r a l  

\ branch competition dominafice. Increased availabil i ty of x 
1 - 

C 

optirk1 oviposition years following the i n i t i a l  host attack 
\ < 

favours rapid population 'gsowth of P. stxobi particularly on Sitka 
9 

'\ 

spruce. This host is geographically \ restricted to  a mild wi&er climate 
1 

\ 

'\ 

such that  la tera l  branch competih-on following svccessful leader attack \ / 
\ 

is often resolved i n  a single grouiriq season. 
\ 

The selection 4 by P. strobi of of significantly 

7 fi 
CL t h n r  t r r t  1 *r ~"'pufat--*- 

. . 

physi~a~\~haracteristi~S of goten- 

'\ 

i i a l  hosts during t e s t  feeding. pie l a r o f  rtak@licai correlation . 

between leader silhu&tte v i  d true diameter (k0 .32 )  , precludes 



the visual selection of larger-diameter leaders on the basis of their  
4 

silhouette width alone. Thicker bark (Wriebel 1954 1 and wider sepg2ation 

k .of cort ical  res in  canals ( oh and Gerhold 1965), are two physical pro- 
- 

L 

perties that are expected t o  =favour the selection by ,P. strobi of only 
- . - the larger-diameter host leaders available7 i n  the f ield.  

\ 
On Sitka spruce hosts with multiple tops, female P. strobi are 

attracted to  feed and oviposit on those la tera l  branches that  most 

closery approximate l eaders ih  physical c h a r a c t ~ i s t i c s .  weevilled 

- q. 

r ight ,  vertical position l+n competing branches that  were not attacked 

x i r i  ;676 (Table XIIl. These f ie ld  d$ta are in agreement with results of 

rla~xxratoG orientation of P. strobi in experiments 9 and 10, in which 

both sexes were mst attracted t o  the vertical or near vert ical  silhou- 

e t tes .  Stepwise d i s c r a t  analysis confirmed thae lateral branch q -  - - 
d 

--- - pp 

ler&h is the single m o s t  efficienk g achieve separation of 

weevilled from unattacked la tera l  branches jn mu (Table 

X I T I ? .  . I n  conjunction with two additional variables angulai- deviation i 

from vertical , and diameter rreasured a t  midpoint, the to ta l  percentage ) . 
of l a te ra l  branches correctly classified decreased, but the percentage 

of host l a te ra l  branches cerr&tly classified i n  both the weevilled and 

" unattacked categories is more equitable (Table XIII}, Host selection 

irm3ng competing lateral branches of spruce successfully attacked the 
f- 

* 

' previpus year, may not -involve the dispersing P. strobi population, 
a- 

Repeated attack on a brood host i n  the second year, may be acLmplished 

by a r e s i d F  P. strilbi kppulation that did not disperse following 
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-- 
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1 

4 v 

I 
L C  , . e - . autumn. emergence. ALUIOU l r rerence 1s . tr per 

- cent of recjeneratibn Si tka  &pruce sncce&sfdlly 
<a 

aga& weevilled i n  197f5, wcereas only 9.9 per cent  of the  host  population ' ,. 
. k f  

was ve;villed f o r  t h  f irst  t i m e  i n  1976. S i lver  '(1968) reported t h a e  . f a  % 

-- . - A - 
6 

the  percentige of S i tka  spruce re-attacked i n  each.of f i v e  successive 

..' 
years (1960-64) pr*. without exception, greater l than the  proportion of 

a . , , - ' ,*  

Sitka_snruce 
* - * 

1 

i n i t i a l l y ' a t t a cked  by dispersing P. strobi a re  more ,susceptible t o  re- 

* * 
a t tack  t he  following year &ue simply t o  the  presdnce of *progeny on the  

7 
+ 

KtrtK&Y-~ - o not disperse,  ra ther  than i n t r i n s i c  physical o r  cheniical 

fac tors .  I t  i s  hypdtheiized t h a t  res ident  P. strobi respond t o  gravita-  

-4, 
t i o n a l  s t imul i  i n  re jec t ing  thoserhost l a t e r a l  branches t h a t  deviate 

dmsidera&ly from the  ndrmal Gert ical  o r ien ta t ion  of host  leaders.  On - 
the, o t h e r  hand, .the mechanisms ?f negative geotaxis and pos i t ivB photo- 

-, 

t a x i s  (Sullivan 1959) e i t h e r  alone o r  act ing i n  concert,  can account 
- - - - - - - - - - - - - - - - - - -- - -- - 

fpr t he  successful  weevilling by res ident  P. strobi of t he  longer host  

l a t e r a l  branches t h a t  deviate l e a s t  from the v e r t i c a l  or ienta t ion.  
-'I 

A)though.the &.*a1 Crientation respolise of P. strobi t o  black 

* 
s i lhoue t tes  was tes ted  using walking weevils, t h e r e U i s  no evidence t o  

suggest the  r e s u l t s  do not apply equally well t o  f ly ing weevils. Visual 

perception of form is eapected t o  be independent of t h e  method of loco- 

motion employed by P .  strobi during disperqal. I'n trapping s tud ies  conL 
F 

5 

Ca ra  (1975)~- +ha-lt . . -  nY wevi  1s f3v at 
I 

a height somewhat below the  l eve l  af the host  leaders.  , This f inding / 

1 

)c 

i d 



sugges ts  t h a t  f l y i n g  P. strobi can e v a l u a t e  h o s t  l e a d e r  p r o p e r t i e s  such 

as length ,  o r i e n t a t i o n ,  and s i l h o u e t t  i n  o r d e r  t p  d i s c r i m i n a t e  

v j s u a l l y  between p r e f e r r e d  and unsu i t ab l e  l e a d e r s  i n s i n i t i a l  s t a g e s  o f  

t h e  h o s t  s e l e c t i o n  sequence. 



- 
- 

ROLE OF GEOTAXIS AND PHOTOTAXIS I N  THE FEEDING AND OVIPOSITION 

BEHAVIOUR OF OVEfiWINTERED PISSODES STROBI 

- - -  - 
I 

'Whereas both sexes  of a d u l t  P. strobi feed on SFtka spruce - %& 

l a t e r a l  branches' f o r  most o f  t h e  year  (Gara e t  a l .  1971; McMullen and t 

Condrashoff 19731, feeding a c t i v i t y  on S i tka  spruce leader's is confined 

necessary physio logica l  and physica l  prerequi3sites t o  ov ipos i t ion  (Over- 
# d hul_-eer-ar;lh~ra1975L-abM-* 

L 
spruce l eaders  f o l l m i n g  sp r ing  dispersal, and l a r g e l y  confine 

/ir 

a c t i v i t y  t o  mating behaviour. Female weevils i n i t i a t e  ov ipbs i t ion  each , 

sp r ing ,  j u s t  below t h e  terminal  bud c l u s t e r  of ~ i t k a  spruce l eaders ,  
I 

I 

\ and continue lower down these  l eaders  a s  spr ing  advances t o  e a r l y  summer. 

Piegative gen$axis and positive photokaxis are-two orientation 
- - 

7 

- -- - -- ---- - - -- - 
- - -  -- - - ---- - - - 

rae&han%sms t h a t  c ~ ~ d ~ c o u r t t  f o r  #is observed preference i n  t h e  loca-- 

t i o n  of  ovipos i t ion  sites. ~ u l l i b a n  (1959) found t h a t  overwintered P. 

strobi a d u l t s  a r e  mre s t rong ly  photoposi t ive under a v a r i e t y  of  condi- 

t i o n i n g  regimes, and becone mre photonegative a t  higher temperatures 
a 

than the same generat ion pre-wintering a d u l t s .  H e  concluded that t h i s  T 

i 

be-naviow of  t h e  overwintered a d u l t s  served t o  maintain I .  strobi on 

exposed hos t  l eader s  f o r  sp r ing  feeding and ovipos i t ion .  

The r o l e  of negative gptaxis i n  t h e  ov ipos i t ion  behaviour of 
% 

s no t  been extens ively  inves t iga ted .  G a r a , e t  a f .  (1971) pos- 

fl 
h l a t e d  t h a t  qraviPat ional  stimuli have l i t t l e  inf-luence on t h e  distribu- 

tion of ovipos i t ion  punctures and,successful  weevi l l ing  o f  S i t k a  spruce 

leaders .  I n  f i e l d  studies, caged weevil5 fed and ovipos i ted  on 
a 

Q 

1 , . 
- -- - - -  - - - - - - - - 



- one-year-old S i tka  spruce leaders bent in to  a horizontal  p 9 i t i d V .  In 

* laboratory s tudies ,  however, P. strobi did oviposit  in'one-, two-, and 
d .  

three-year-old v e r t i c a l  l a t e r a l  branches (Gara e t  a l .  1971), suggesting 
* 

mat host  o r ien ta t ion  nay be important i n  releasing avipasi t ion be- - - 
% 

f6y objectives were: (1) to determine the e f f ec t  of  hosd leader  

1 
t ion punotures along t h e i r  length under both forced add choice experi- 

- 

mental cond i t i ok ,  and ( 2 )  t o  deternine the r e l a t i v e  influence of . 

qeotactic and phototactic mechanisms on the d i s t r ibu t ion  feeding and 'T - 
o v i p s i t i o n  punctures song the  Fength of excfied Si tka spruce leaders. 

t - 
C 

Methods and Materials & 

~verwixkered P. strobi adul t s  were col lected i n  spring 1975 and 

f 976, f r o n t h e  leaders of ~ i t k &  spruce planted i n  four d i f f e r en t  local- 
1 

- - -  - - - - - - - -- - - - - - - - - - - - --- - --- -- - 

ities; the University of S r i t i s h  Col-ia Research Forest, Haple Ridge, 

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

t a t iqns  established i n  the  vicinity of Port  Renfr~w and Kefsey Bay, 

Vancouver Island, B.C. Only those P, strobi recovered from Si tka spruce . b-- 

leaders tha t  bore oviposition punctures were used i n  laboratcxy ovipasi- 

t i on  experiments to ensure their physiological maturity. 

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

L 

Sateral brpnch used i n  oviposit ion experiments was immersed in water in 
* 

a 4 or 8 oz Nalqene wasitbottle sealed a t  the neck w i t h  paraffb wax. 
= 

Each trial i n  forced oviposit ion experiments consisted of a s ing le  host  
* 

leader or l a t e r a l  branch supported inside a screened, wooden cage by 
; - .. I 



- 
means or  a clamp a n  

I .  - * 

p a i r s  of host  lehders  clamped i n  two d i f f e r e n t  pos i t ions ,  o r  one h o s t  

leader  pa i i ed  with one hos t  l a t e r a l  branch, each clamped i n  a Qif  f e r e n t  . ' 

u pos i t ion ,  were used i n  each t r i a l .  
L -- 

The overwintered weevils were allowed'to feed and ov ipos i t  fo; 
t t 

varying periods,  a f t e r  which t h e  nurcber of both feeding and . oviposi t ion  

branch were counted. Chi-square tests were apglied t o  t h e  di6tr ibut . ions li 

* 

,of each type of we v i l  puncture along t h e  length of each hos t  l'eadee o r  

l a t e r a l  branch. The n u l l  hypothesis s t a t e d  t h a t  each t y p n  puncture* . k 
was p&duced i n  equal  n&rs i n  th? a p i c a l  and basa l  halves of hos t  

I \  

l kaders  o r  l a t e r p  branches. 

t 

' Forced Oviposition Experiments 
* , 

i 8 
In-experiments 11 t o  15,  two females and a s i n g l e  maLe P: strobi, - 

- - --- - 

G e E  relGaSeaPin the n e e Z E s  at themidpintto-f%itka 
- 

s i m i l a r  length clamped i n  one of * ' ~ e  'following pos i t ions ,  t e spec t ive ly  : : 
- i ' I 

L 
Y I -  + v e r t i c a l  and upr ight ;  30' off  -vertical; 600 of?f-vertical;  hor izonta l ;  c. 

* .  . i ' 9 

and v e r t i c a l  b u t  inverted.  * T h e e  t r i a l s ,  Oach of three- gays ' durat ion,  

rC .-. 
w e r e  co#leted & each of experiments 11 to  1 5 .  ExJ%2rim+ 16- was iden- . + 

. 
- - - x d 

t i c a l  t o  experiment 11, except  that one-year-old Sitka spruce lateral 6 

branches (15 cm i n  length). &t from th;! -topmost whorl d i r e c t l y  b e l o w  t h e  
- ,* 

host one-year-old leader  w e r e  used. The l i g h t  i n t e n s i t y  meas&d .'t:;he 

leve l  of host  leaders dr l a t e r a l  .bfanches i n  experiments? .ll to 16, was 

* .  
Seq Figs. 28 to  41 f o r  diagrammatic representa t ion of experi- 

Aentaf design. r . 
r 

a- 



71 s 

i 

* 
560 lux, provided. by overhead fluorescent ligMs. 

-x. 

Choice ~vi~osition Experiments 

Only female P. strobi were used in cfioice oviposition experiments 
- -  

in order to eliminate that proportion of feeding punctures produced by 

male weevils in experiments 11 to 16. In experiment 17, females were 
0 

r-eleased in the n e e U s  at the point af c.onbs.& sf a honzczntal___host 
. 

leader with a upright lateral branch clipped from the same host. 
Y 

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

+ with five females for six days, and one with six feG1es for four days. 

Asymmetrical trials were often neceB&ry depending on the field avail- 
a 

ability of grauid female weevils. In experiment 16, two females were 
- 

released in the needles at the point of contact of a vertical, @$jt 

host leader with a horizontal lateral branch clipped from the sameaost. 

19, female weevils were released in the needles at the pint of contact - :  

u B - 

of a vertical, upright host leader with a 45O off-vertical leader, bothr 
- 

r :  
clippee from a single multiple-top host to minimize chemical and physical 

- 
i. . - Q 

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

for seven dqys, and four with four females for four days. As in the 

< 
forced oviposition experiments, the light intensity provided by overhead 

L2'  4 

fluorescent tubes was 560 lux. 

Influence of Geotactic tactic t@chanisms on 

t 
0 to 24, a. single, undttacked host leader 

x 
vas supprted. 'inside wooden cage (46x3Lx31 cm) in the 

7 - 



following positions, respectively: vert ical  and upright; 'vertical and 
I 

- - -- - 

& - inverted; vert ical  and inverted again; horizcmtal; and v e r t w  u up- 
t 

right.  Zn experiments 20 the cage was 

- - 
F double thickness of 4 m i l  black p las t ic  to  

4 22,  23, ;~nd 24, a l l  cage surfaces except the single surface perpendicular 
* , - 8 

P 
- - 

ta the. host leaber. and closest t o  the leader apex, were covered i n  4 m i l  
-a - - - 

- .  - black plast ic .  'A l ight  source consisting of three paral lel  fluorescent 
c 

tubes was plqced 30 cm t o  one side of ,  below, and above, the uncovered 

cage surface i n  & m i m e n t s  22 t o  24, respectively, 
a 

such tha t  the leader 

apex was closest to  the 4ight source in each case. Light intensity 

a 

. . measured a t  the leader apeq was 3120. l u x -  Three femaie weevils i n  each 
& 

of two t r i a l s  i n  experiment 20, and five'  females in  each of two, three, 
-, 

s ix ,  'and threg t r i a l s .  for  experiments 2 1  to  24, respectively, were re- . .  
> .  

leased in the needles a t  the midmint of each gost-leader a t  the Star t  

-- - -- - --L--,- - -- 
- .  of each test. -,The -n=ek of wey1T-da3s p e m p k c a t e  In experments 20 

t o  24 is approx,imately constant. 
- 

& 
-Results 

-- w 
" * - Forced Oviposition Experiments ' 0  

* 
- - 

Table XTV -indicate's tha t  & e 2 n t g r e d .  P. &dbi produced signif - 

icantly I B O ~  f eedilsg punctures - in the ap'lcal' half * of upright host leaders 

t 
than i n  the bas51 .hqlf (Fig,. 28)- , This 'result  is r&&rsed i n  the caAe - 

3 

- 
" 

* .  = 
> .  

half of 3Q0 off -vertical leaders, 60•‹ of f&ert ical  leaders, &d vert jcal , . 
upright-host l a t e ra l  branches, than i&- the  bajal halves (P&s  29i 36, , 

-I 

3 .. I 
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and 3 3 ) ,  t hese  d i f fe rences  in each case were not  s i g n i f i c a n t  'CTable XIV). - i - '  

Female weevils produced s i g n i f i c a n t l y  more ov ipos i t ion  punctures 

, i n  t h e  a p i c a l  hal,f of both v e r t i c a l ,  upright  hos t  l eader s  and l a t e r a l  
- - 

brancges than "in the  basa l  ha l f  (Figs. 28 and 33, Table XIV) . Sign i f i -  

cant ly  more ov ipos i t ion  c a v i t i e s  were produced i n  the  basa l  ha l f  of 

inver ted  hos t  l eader s  than i n  the  lower, ap ica l  ha l f  (Fig. 32, Table XIV). 

The numbers of ovipos i t ion  p u n c t ~ r e s ~ p r o d u c e d  i n  each hal f  of both the  
* 

30' and 60•‹ o f f - v e r t i c a l  hos t  leaders  were not  s i g n i f i c a n t l y  d i f f e r e n t  

the  apex of a hor jzonta l  hos t  leader  (Fig. 31, Table XIV). - - 

Choice Oviposition Experiments 

I n  experiment 17, female weevils produced s i g n i f i c a n t l y  more 

feeding and ovipos i t ion  purrttures i n - t h e + a r k  of t h e  h0rizonta.l hbs t  

kame t r e e  (Fig. 34, ??able XV) . ~ l t h o u g h .  mor6,Aeeding punctures were 
t 

produced i n  t h e  a p i c a l  ha l f  of hor izonta l  h o w  leaders  than i n  t h e  baSal 

h a l f ,  t h i s  d i f f e rence  was no t  s i g n i f i c a n t  (Fig. 34, Table XVI). I n  both 

d' 

experiments 18 and 19, l e  weevils produced s i g n i f i c a n t l y  more feed- 

ing and ovipos i t ion  pun i n  t h e  v e r t i c a l ,  upr ight  hos t  1eaders. than 

i n  e i t h e r  t h e  hbr izonta l  hos t  l a t e r a l  branch or_ t h e  45O o f f - v e r t i c a l  host  

leader  (Figs. 35 and "36,   able XV) . Sign i f i can t ly  more feeding punctures 

t 18, btt thL r,.-r- WLS tr n n-7.7 -0 3 

t h e  -ca'se bf v e r t i c a l ,  upright hos t  leaders  i n  experiment 19 (Table XVI) . 
i: 

I n  both experiments, s i g n i f i c a n t l y  more ovipos i t ion  p c t u r e s  were Uii 
I 



Figs. 34-36. Distributions of feeding and oviposition 
punctures produced by overwintered Pissodes strobi females 
on Sitka spruce leaders and lateral branches when pie- 
sented a two-way choice of host .materials oriented in the 

positions 
--- ---- 

shown inside wooden, screened cages 
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produced i n  t h e  a p i c a l  ha l f  of v e r t i c a l ,  upright  host  leaders  than i n  . , 
the  basa l  ha l f  (Table X V I ) .  

Influence of Geotact ic  and Phototac t ic  Mechanisms . a % -  a . 
on' t h e  Dis t r ibut ion  of  Feeding and Oviposition Punctures 

, 

I n  t h e  absen=of l i g h t ,  overyintered P. strobi. produced s i g n i f i -  

. . 
t i c a l ,  upright  host  l eader s  (Pig-  37, Table X V I Z ) ,  bu t  i n  t h e  basa l  half 

, , 

-. of v e r t i c a l ,  inver ted  hos t  l eader s  (Fig. 38, Table X V I I ) .  With a l i g h t  

stimulus placed 30 c m  below v e r t i c q ,  i n v e r , t r T L e a d e r s ,  P .  strobi . 
. f 

I 

--pxoduced s i g n i f i c a n t l y  more feeding and o v i p o s i t i o ~  punctures i n  the  
'I - -t;. 

a p i c a l  h a l f ,  although considerable qvipos i t ion  was observed i n  the  upper, 

basa l  ha l f  of these  inver ted  l eaders  (Fig. 39 ,  Table X V I I ) .  Although 

female weevils produced moge feeding punctures proxiniil t o  t h e  l i g h t  
I C T 

- - 
source i n  the  a p i c a l  ha l f  of both hor izonta l  and ~ e r t i _ c a l , ~ u p r i g h t - ~ ~  - - -  - -- 

- - - 5 

l eader s  i n  experiments 23 and 24, respecti t rely,  t h i s e  diffelfence was not 1L 

s i g n i f i c a n t  i n  e i t h e r  experiment (Figs. 40 and 41, Table X V I I ) .  S ign i f i -  

can t ly  more ovipos i t ion  punctares,  however, were produced by P. strobi 

proxixml t o  t h e  l i g h t  source, i n  t h e  a p i c a l  ha l f  of  both t h e  hor izonta l  

and v e r t i c a l ,  upr ight  hos t  l eader s  i n  experiments% and 24  able X V I I )  

Discussion 

Forced and Choice Oviposition Experiments 

Both feeding and ovipos i t ion  behaviour of overwintered P. strobi 

a d u l t s ~ i r e  idfluenced by the  o r i e n t a t i o n  of excised S i t k a  spruce leaders  

P 
and l a t e r a l  branches on which t h e  b e e t l e s  a r e  releas0tl:-- -.We@ls pre- 

* 

f e r r e d  t o  feed and ov ipos i t  i n  t h e  ap ica l  ha l f  of ver t ica1 ,upr ight  hos t  



Figs. 37-41. Dis t r ibu t ions  of feeding and ovipos i t ion  
punctures produced-by overwintered Pissodes strobi felflales + 

on S i tka  spruce l eaders  o r i en ted  i n  the  pos i t ions  shown -4 
i n s ide  wooden, screened cages. Cages covered i n  black 

7 

' plastic except t h a t  s i n g l e  s i d e  c l o s e s t  t o  the  l i g h t  - 
- ,  szrce i n  experiments 22 to-  24 P 1 
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, i c -I 

leaders i n  experiment 11, and i n  the u p p r ,  basal  of. y r t i c a l ,  in- - 
.* 

* '  

verted host leaders i n  experiment 15.* In addit ion,  P. s t rob i  preferred . 
- - 

t o  oviposit i n  the  ,apical half of ve r t i ca l ,  -upright host*lateral  brandhes Ct - 

i n  experiment 16. This r e su l t  is i n  agreement with tAe work' of ~ a r a  - - 6  

e t  a l .  f 1971) . Deviation of Sitka s&uce ~ e a d e r s  - from' the natural ,  - 

i n  experimentsrf2, 13, and 14. In experiments 12 and 13, the distribu- 
0 * -  * \ 

tionsbf both feeding and 8viposit ion punctwes were raqdo; alohg the - * 
-- length or both 30" and boo oft-ver t ical  host leaders, suggesting a lack 

- 
of preference. 

+ ', A+ 
i 

In chbice experiments 18. and 19, female weevils selected %the 
. I  

ver t ica l ,  upright host leaders, and preferred t o  oviposit  i n  the apical  

half of each of these. No oviposition punctures were produced-on e i the r  
* 

Ir( the  horizontal host l a t e r a l  branches i n  experiment 18, or  on the AS0 off-  - 

ve t i c a l  host leaders i n  experiment 19. 

< -  

9 

Heavy ovipositi6n by P, Strobi along the length of horikontal 

host l e a d e ~ s  i n  choice experiment 17 was rather unexpected. Although 

caged weevils w i l l  oviposit  i n  the f i e l d  on one-year-old-~itka spruce 

leaders benl in to  the horizontal plane (Gara e t  a l i  1971). feqales a p  

parently' rejected the horizontal host leaders i n  experimenta 14. Only 

a s ingle  egg puncture was counted in the bark a t  the  leader apex, the  

lowest oviposition score recorded i n  any experiment. On the  other hand, 
----"-- 

P. s t rob i  did oviposit i n - the  apical  half  of the  ver t ica l ,  upright host . 
l a t e r a l  branches i n  experiment 16. Oviposition i n  l a t e r a l  branches may 

have been res t r ic ted  by the re la t ive ly  thin  bark i n  both forced 



expeximent 16  &-id choice  experiment 17, whereas only gn t h e  l a t t e r  exper-_ . t 

5 . . ,  - 
A r K7 

8 i w n t ,  d i d  gravid  females have t h e  opt$on t o  o v i p o s & ~  i &  the +icker  
1 

J - ., 
bzgk of $he h o r i z o n t a l  h o s t  l eade r s .  ~ l t e r n a t i k & ? k ~ ,  hos\ 3 Yohders 

- , 0 - 4m 
$r - .  - * --- 

conta in  opt imal .concent ra t ions  of  ~%emicaZs . tha t  induce or promote f e e d - % *  + 

i ng  and o v i p s ~ i t i o n  behaviour.  1 have nb expl&ation,  how- . ' 
ever  ; f o r  t h e  .i.oncent;ation-of :oviposition punctures  i n  the b a s a l  ;ha l f  

\. % - 
. of t h e  ho r i zon ta l  l e a d e r s  {Table XVI). . 

< .  A- -:* . 8 
More d i f f i c u l t  t o  in te rpre$-  a r e  t h e  apparent  preferrences i n  * 

4 - 

," 

iment 14,  t h e  d i s t r i b u t i o n  of feeding"punctures w a s  random along t h e  
0 

l eng th  of ho r i zon ta l  h o s t - l e a d e r s ' i n  choice experiment 17. Also, P; , . 
C v I - 

strobi pre fe r r ed  =n t h e  b a s a l  h a l f  6f v e r t i c a l ,  up r igh t  hos t  
, + 

- - -  - - -  - - - - - - -- - -- - - L L -pp-pp 

h o s t  l eade r s  i n  e f r p e r i m e n t 1 ~ : r - ; A s ? e s e  d i s p a r a t e  r e s u l t s  gave m e  reason . 
to  suspec t  t h a s  l i gh t  cona i t i ons ,  i n  a d d i t i o n  to -hos t  o r i e n t a t i o n ,  i n f l u -  

enced weevll  feeding  and ovi l jos i t ion  behaviour,  l i g h t  d i r ec t ion 'was  . ' . 
c: 

manipulated i n  the des ign  o•’ experiments 20 t o  24. 

* 

Inf luence  of Geotac t ic  and P h o t o t a c t i c  Mechanisms on 
the I 3 i s t r i b u t i . s  o f  ~ e e d i n ~  and Oviposi t ion Punctures  

of  l i g h t  as an o r i e n t a t i o n  cue i n  experiments 20 

and 71, de&s+ratec? that necjative c jwtax i s  &lone w a s  s u f f i c i e n t  A to in- 
I 

t o  feed and o v i p o s i t  i n  t h e  a p i c a l  h& o f  v e r t i c a l ,  
- 

upr igh t  hos t  l eade r s .  Chemicals a c t i n g  a s  feeding  and/or o v i p o s i t i o n a l  
!f 

,f 

* - , 

s t imu lan t s  which are p r e s e n t  exc lus ive ly  i n  the a p i c a l ,  meristematic- - - 
6 - 
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* Y 

&om:% as  females ovipoSited - - - ,  - -., 

L 

* a t  the base of leaders in  experiment 2J. The bimodai &6 
4 - - #  

dis t r ibu t ion  OF ovipus i t ion~ punctures i n  i s  apgarently * ' +i 

7 4 
- L u  --- 

c the result m e g w v e  *t-s and p s i t i v e  p& taxis: s;ch a i = 

* 
I, 

F ' a  
, * 

1 dis t r ibut ion could result from each f e p l e  respondifig t o  bo thphot ic  alid 
z + --  <: 
gravitational st$rnuli but  at di f fe ren t  times, or c individual = ferriafes 

- 
respanding consistently i n  only * one. o r  the  other,  'd i rect ion of gFientai- 

% 
tion. Since five-females were used i n  each t r i a l ,  bornpetition fo r  ovi- 

C * C 

rn 

orientat ion r e s p n s e  s f  P ,  strubi i n  experiment 22. I n  experimene 2 3 ,  

photic s t i m u l i  resurted i n  P. strobi orientat ion towards the illuminated, I d  

> 
apical. half of t h e  horizontal host leaders such t h a t  s ign i f ican t ly  more 

cwi-position punc tkes  w e r e  excavated i n  $his zone. In  experiment-24, 

nq&3ve qeotaxis and p d t i v e - p b o t o t a x i s  may a c t  i n  concert, such tha t  

leac?~rs,- and oviposited i n  t h i s  region, Although the differences were- . -. 

not s ign i f ican t  (Table XVIIf females produced more feeding cav i t ies  i n  
I ,  

- 

the illuminated, apical  h a l f '  0% both horizontal host leaders i n  exper$" 
-4 . 

m e ~ ~ t . 2 3 ,  and vertical, upright host leaders i n  experiment 24. This re- 

salt, added to the f a c t  that P. s t rob i .w i l l  feed but no$ oviposit  on the- 
. I 

harizoratal host l a t e r a l  branches i n  experiment 18 and on the 45" off-  
= ** 

vertical host leaders i n  experiment 19, suggest t h a t  the feeding behavioyr 

- 
of overwintered P, strt,bi is not as closely governed by photic andugravi- 

taihonal cues as is the more c r i t i c a l  ac t iv i ty  of oviposition. 

I conclude that although choice betyeen host l a t e r a l  branches and - 
- -- - 
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* 

leaders  a s  sites f o r  feeding and ovipos i t ion  m y  in chemically *& 

mediated, t h e r e  is  no evidence t h a t  t h e  choice of ovipos i t ion  % t e  within 

a l e a d e 3 i s  the  r e s u l t  o hemica3 s t imul i .  ~ 0 t h  negative geotaxis  and 
- 

b o s i i i v e  phototaxis  can a& independently o r  i n  concert ,  t o  guide over- - 
wrntered P. strobi t o  i n i t i a t e  ovipos i t ion  a t  t h e  apex of vigorous, 

S 
e r e c t  S i t k a  spruce l eaders ,  3 

Adaptive Signi f icance  of Negative 
b .  

Pos i t ive  Phototaxis  i n  Iiost 

The oViposition behaviour of P. strobi is-& adapt ive-s t ra teqy 

as it reduces in te r fe rence  between s i b l i n g s ,  y e t  allows maximum u t i l i z a -  

t i o n  gf a l imi ted  food source. Younger la rvae  t h a t  hatch lower i n  the  
* 

spruce leader ,  cannot ed ia re ly  g i r d l e  t h e  te rminal ,  and consequently '$" 
do not  deprive t h e i r  o l d e r , s i b l i ~ g s ,  higher i n  the  leader ;  of food. I n  

add i t ion ,  S i tka?spruce  terminals  possess a g r e a t e r  b a s a l  diameter than 

number lower down the -a t t acked  leader ,  a concomitant increase  i n  food 

a v a i l a b i l i t y  is encountered. 4 



CONCLUDING DISCUSSION 

Using t h e  r e s u l t s  of t h i s  study i n  conjunction with t h e  published & 

l i t e r a t u r e ,  it i s  f e a s i b l e  t o  reconst ruct  a hos t  s e l e c t i o n  sequence f o r  - -  - d 

P. strob?. Weevils overwinter wi th in  the  f o r e s t  f l o o r  l i t t e r  a t  the  base 

.of brood hos t s  from which these  a d u l t s  had emerged the  previous autumn 
b 

(Belyea and Sul l ivan 1956; Stevenson 1967.). I n  t h e  P a c i f i c  Northwest, 
* 

* 

a d u l t s  may remain on t h e  brood hos t  l a t e r a l b r a n c h e s ,  feeding in termi t -  
- - 

4 

t e n t l y  a s  mild winter  temperatures permit (Gara et  a l ,  1971; McMnllen 
,-' 

and CondraShof f 1973) . I n  Apr i l ,  overwintered a d u l t s  crawl from t h e  dqf•’: 

and or ient .  v i sua l ly  t o  t h e  prominentivert ical  t runks of nearby t r e e s .  

Providing t h a t  coni fer  regenerat ion is  closely-spaced, a proport ion of 

* 

P. strobi may disperse  t o  new hos t s  by crawling during t h i s  period.  

Responding with negative geotaxis  and/or pos i t ive .pho to tax i s ,  

s tarve&-weevils  climb t o  t h e  upper 

which lacks  a t h i c k  periderm. Mating a c t i v i t y  a l s o  occurs 
- 

dur ing  t h i s  feeding period i n  l a t e  April .  

Overhulser (1973) reported th  
J. - - 

/ 

threshold  temperature of  2 l 0 C r - ~ ~ ~  t h e  previous _yearbs  dead leader ,  t h e  
- 

f t h e  l ivif ig bole,  and the  exposed t i p s - o f  l a t e r a l  

ranches. I n  t rapping s tud ies ,  d a i l y  weevil catches were g r e a t e s t  be- 
a - 

tween 1000 and 1400 hours, on w a r m ,  sunny days, when r e l a t i v e  humidity 

and w'ind ve loc i ty  w e r e  low. 3 
4 

Anderson and Fisher  (1956, 1960) examined the  response of P. 
z j 
-? 

strobi t o  t h e  d o u r  of ground-up bark t i s s u e  and s team-dis t i l led  essen- d 
1 

t i a l  o i l s  derived from t h e  bark of a prefer red  hos t ,  eas te rn  white pine. I 
4 



- - 

" They concluded t h a t  bark vo l a t i l e s  were repel lent  t o  the  white pine 

weevil, and suggested t ha t  a f ac to r ( s )  'other than olfact ion was involved 
- 

i n  primary host a t t rac t ion .  The present study suggests t h a t  PI s t rob i  

r e l i e s  on vision t o  discriminate between the  physical charac te r i s t i cs  of -+ 

acceptablB and unsuitable host  leaders. Longer, e rec t  leaders,  approxi- I 

mately 3 cm in  s ~ l h o u e t t e  width are preferred by both sexes. The f i e l d  
- 

f l i g h t  i s  concentrated a t  a height somewhat below the leve l  of sus 
% 
t i b l e  host leaders. This f a c t  would allow the flying beet les  tb asgess 

visual ly  the physical properties of new potent ia l  hosts. Weevil f l i g h t  

ac t i v i t y  during spring dispersal  is  ra ther  limited. Harman (1975) - 

studied the movement of individually marked P. s t rob i  within an eastern 
3 

white pine plantat ion,  and found t h a t  64 per cent of weevil f l i g h t s  were J 

- period, and no adul ts  moved more than four times. The longest f l i g h t  

recorded f o r  males was 46.4 m, and f o r  females, 53.0 m. 

I 

After  a r r i v a l  on new hosts,  the  physical and chemical properties 

of the  leader bark l i k e l y  determine ultimate host acceptance sr rejec- 
L 

- t i o n .  Chemical compounds that promote weevil feeding behaviour charac- 

L / -  i 
t e r i z e  a preferred host, such as Sitka spruce, and encourage P. s t rob i  o 

I 

to remain on t h i s  species.' Repellent and/or deterrent  compounds detected 

& 

st- fee- . . 
ack~vlty ,-and p r o = t - d u o  abandc~n such non-host 

i 
species. Stroh and Gerhold (1965) concluded tha t  P. s t rob i  feeding i 

3 
: 
! 
r 
i 
I 
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behaviour is adversely Lffected by t h i n  hos t  leader  bark, i n  which the ." 
- 

i n s ide  and outs ide  c o r t i c a l  r e s i n  canals  l i e  c lose  t o  each o the r  and t o  

t h e  periderm. Thin bark,  c h a r a c t e r i s t i c  of  suppressed o r  sh5ded leaders ,  

permits P. s t r o b i  l imi ted  manoeuvrability i n  excavat g feeding cav i t i e s '  T - L 

around and between t h e  two concentr ic  r ings  of c o r t i c a l  r e s i n  ducts  

without ruptur ing  t h e  l i n i n g  e p i t h e l i a l  c e l l s .  A s  a r e s u l t ,  f i r s t  t h e  

needle d i s t r i b u t i o n ,  o f t e n  associa ted  with suppressed hos t  l eader s ,  con- 

. s f i t u t e s  an addi t ional  impediment t o  weevil feeding a c t i v i t y .  
-- 

p---pp-- 

Whereas the  loca t ion  o f  feeding sites i n  the  bark of acceptable 
- 

- 

hos t  l eader s  is 1argeIy.determined by chemoreception, add i t iona l  phot ic  

and g r a v i t a t i o n a l  s t i m u l i  a r e  required t o  r e l ease  ovipos i t ion  behaviour 
I 

i n  P. strobi. Negative geotaxis  and p o s i t i v e  phototaxis ,  a c t i n g  alone 

o r  i n  c o k e r t ,  can acco-unt f o r  t h e  i n i t i a t i o n  of ovipos i t ion  a t  t h e  

leader  apex, below t h e  tcirmtnal bud clus-ter. _ -- _ - - - - 
- - - 

Results of the  present  s tudy suggest t h a t  t h e r e  a r e  sex-re la ted  

d i f fe rences  i n  the  hos t  s e l e c t i o n  behaviour of P. strobi-. Females re- 
- 

sponded more s e n s i t i v e l y  $0 t h e  presence of feeding r e p e l l e n t s  and/or 

d e t e r r e n t s  i n  western r e d  cedar,  and a l s o  demonstrated a feeding response 

t o  S i t k a  spruce leader  bark e x t r a c t  t h a t  was c w e n t r a t i o n  dependent. 

In  addi t ion ,  *only female weevils discriminated i n  >avour of t h e  prefer red  

host, Si tka ' spruce ,  whereas males f e d  equally on both S i t k a  spruce and 

- - 
a - r 'I'RIS a1 ' f f e r e n t i a l  response t o  chemical r e p e l l e n t s  and feed- h - 

I, 

L n g  = t i a d a s k m n t r - p c i  . . n t n e  - 

s e l e c t i o n  of dvipos i t ion  sites, a s  t h e  l e g l e s s  l a rvae  cannot abandon the  I 1 . * 
* L-,l 

l \  i 
d = 3 
F J 

i . -  
A 

s. 



hos t  l eader  i n  which t h e  eggs have hatched. 

There i s  some evidence t o  suggest t h a t  female weevils possess 

g r e a t e r  v i sua l  acu i ty  than males i n  the  s e l e c t i o n  of p o t e n t i a l  host  

, l eader s  following sp r ing  d i spe r sa l .  Females se lec ted  only t h e  3x10 cm - I /' 
v e r t i c a l  rec tangle  i n  laboratory o r i e n t a t i o n  experiments, whereas males 

d i s t r i b u t e d  t h e i r  o r i e n t a t i o n  response over th ree  s i l h o u e t t e s ,  the  3x10 

cm aria 5xb cm ver t i ca f  rec tangles ,  and the  1 ~ 4 . 5  crn nor izonta l  rec tangle .  

Both sexes prefer red  t h e  v e r t i c a l  rec tangle  and the  15' o f f - v e r t i c a l  

parallelogram over t h e  remaining four leaning s i lhoue t t e s ,  but -only  the  

females expressed an gddi t ional  preference fo r  the  3d" o f f  - v e r t i c a l  

parallelogram over both the  60" o f f - v e r t i c a l  parallelogram and the  

hor izonta l  rec tanqle ,  t o  which only a singbe female or iented  i n  each 

case.  These r e s u l t s  suggest  t h a t  fercale P. strobi a r e  more s e l e c t i v e  

i n  t h e i r  choice of acceptable hos t  lehders i n  the  f i e l d ,  a behaviour t h a t  
- 

i s  complemented - -  - - -  by -- super ior  - chemoreception --- following a r r i v a l  on new hosts .  
- - -- - - - -- - - - - - - - -- - - - - - 

The present  s tudy a l s o  o f f e r s  some p r a c t i c a l  leads  t h a t  p e r t a i n  

t o  P. strobi manipulation i n  the  fi;eld. .The v i s u a l  o r i e n t a t i o n  of P. - - 
strobi t o  v e r t i c a l ,  rectangular  s i I h o u e t t e s ,  approximately 3 cm i n  width, 

suggests  t h a t  t r a p s  ba i ted  w i t b . t h e  population aggregation pheromone 

should be of this-approximate design, and deployed a t  t h e  he ight  & sus- 1 
c e p t i b l e  host  l e a d k l  i n  the  p lanta t ion .  The i s o l a t i o n  and i d e n t i f i c a t i o n  

af P .  st107 feeding s t imulants  from the  bark of prefer red  hos t  con i fe r s ,  - 
P 

4 
UL p L u V -  VL L 

* 

na te  cos t ly  f i e l d  s t u d i e s  t h a t  o f t en  requi re  years  of exposure t o  na tu ra l  



weevil populations. S imi lar ly ,  t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  of 

natural ly-occurring feeding r e p e l l e n t s  and/or d e t e r r e n t s  from western 

red cedar,  may permit t h e i r  prudent appl ica t ion  t o  hos t  species  .s$&ep- 
\ - 
\ 

t i b l e  t o  weevil a t t a c k  during spring and ea r ly  summer months. 
<\-. 

\ 
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