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AHSTHACT Hvbrid poplar clones show varying levels of attack by C'-UJl!O,-llIjIlChlis 10J!III"i ( L. ), a 
\\ood -boring \Ve~vil. We studied differences in olfactory and feeding behavior ,llnong fo,"' ciilT('rPIlI 
hyb rid poplars in a series of laboratory bioassays, Weevi ls did not discriminate between rcsisLllll alld 
sllsceptihle clones based on olfaction in pitfall bioassays or antenn<ll responses but dicl dislTilllillal(' 
,\,~aill s t the most resistant hybrid, NM 6 (P, nigra L. X p, maximowiczii HenrI'), in choice' alld lIo·ellOil'(' 
pairl'i1- t w ig feeding bioassays, In addition, the susceptible hybrid, TN 302-9 (P t,-ic!IOCII/,J.'O Torn', ,11111 
erav X p, nigra) , was preferred for feeding over Salix scouleriana BrtlTatt (',r HookE'r, ,1 ]>J'('iI'l'I'",J hllsl 
in tIll" " 'ild , 'vVe conclude th<lt resistance among h ybri d poplars is in part b,lsecl Oil antix('lIolic "Ill" 
iJefore ovipositiol\, 

1\.[':'1:' WOHDS h ybrid poplar, Cryptorhynchlls iapathi , resistance, POlllIllIs Il/llyilllO((ic;;;ii, IlOsl ",I'T' 
tiOl1 

BROIlERG ET AL. 

p, trichocarpa 93-968 from Granite 
Falls, Washington 

p, trichocarpa 95-877 from Hoh Vallel 
Washington 

P. nignJ 

ultimate goal was to determine I 
of resistance among hybrid poplar 

grown in North America, In this 
the h ypotheses that , compared w i 
susceptible clones lacking antixel 

attractive through olfaction and 
feeding damage, 

Materials and Methods 

.,... ,e .... Strategy, 'vVeevils were given, 
two potential hosts and were also 

experiments to a single host typ 
.llInr'~ t()rv olfactory and feeding bioass<I 

information on resistance I 

1',",: 1'01" ,1\1 ""n WII.I,OW borer, CrU)Jtorhunc!ws lapathi 
(I.,) (Co!c-oPli'ril;CWqIii,Ql\iclae), primarily 'attacks 
hos" ill Ih e Llinilv Salic,lceae, but it may also infest 
s("'I'r,,1 / \/IIII ,~' ,md /3('/1110 SJlP, (both Betulaceae) (Hal" 
ri s '1I111 COPlw l J96,), Throughout IllOSt of British 
Collln,'>i .. <lihdt emergence hegins in July anel peaks 
ill III ill, til \:It t-' August , ,dthollgh there is consid erable 
1 0 11 1~1 '\' i\l ' ;llId asynchronv in the lifecycle (Smith ,lnel 
:·;l,·:t :. ~q~.~;.~ ~':lC ; h l.ll (ll t,dliltS ~lre prese nt year round. 
'1'1 ", "u" ".. i :, .1) 1' '\'('I,', 'ils l~ merge in sUlllmer ,\Ilt! ovi· 
I'""il IIli'lll !ghout hIlt' SlllnllH' r -and parly rail. Fe lll,tles 
11\ ipo,; il illto lIi el,( 'S crcated in the bark w here larvap 
11;!lc-iIllld lilsl Illill( ' bdore movillg into til l' w lenl. 
I )" II "l~( ' i I\1'1"d('s dl'C'ri'ascd w ood qu,,!it v, stelll hrcak· 
;!~" , ,II 1(1 II IOI 'Ldil, ' ( Ilrol)('rg d ,d, 200 I ), "lld pat hOgt'1l 

('/III' (I"illllll I ~j l ii, 1\1)('1)(' ,lIld f-lart 19/10), 
TI,i,('\oli(' w('(',i l (JIII'lich ISS7,C\l's;u'19](i ) isstill 

, \/),I/"Iill !!: it., 1 ', III~" lIortilward ill Nurtll Alll c ri ca 
,1\1"llt'rg .. I :d, :2(')02), it al'I',I(\I con'\', thl' (-' ntire 
,,,"11"'/11 Idl ' oj' (;;,""(1,, ;t1,,1 IIIUSt ol'llll' ('Olltilll'IILd 
l'IIil,'" Shl l'S, ",II('llIlillg south il\lo Cdirornia 
I, i 'III I,i " :Il,( 1 C:I/'()Iill II) .., ~'Iorris I (JS2, C;,lrblltt '1I111 
II.,rli , I'll) 1,1, \\'('( ',il ,II LIck is (1("'lsLlIill,g 10 IIali\'( ' 
\()!l I , ,'\Il ll'l'ic: III SlIli,\ SjlP, (Sa lic,ll'l""') (I3rolll'l',I," d "I , 
~IJlJI j " lid pi:lgltl'S 111""" )'O!JIlIi,,\' SjlP, 'lIlil (,01111111'1" 
I i,dh grO\\' 1I 1" I"id., (Saliclccac) (CllLlhia IDb.5 , 

( "' 1, ·... lt C/t lllll l )!. :11111 "" I)I ·p.lrl II H' III 0 1 lS iolot!.I(",d S ,-· j( ' 11 ('1'''' . S inu )) . 

Fl ."." j l ·tH\ , ·. ,i l, ,"'....,....,..., l 'n i \(' r :- il y Dr. . Htlrll .th ~· Brill :- I . Coliullhi.t 
\ ,-"\ !\fl. ( .. lIl.ltb II'- lllail d llol >t' rg(II' ..,JIIl":, ). 

( IlIn ·.1! :I.ltlr(' ,:-. 1'1 11 1' " Tcch. 7S7:2 Progn· :-:::-. \ ,V; IY. ) 1' 11:1 . HI'il i ~11 

(·"L ll tIL I.1 \ ')(; II 'D. (::111. 1".1. 

'Iable for commercially planted I 
began in 2001, initial experiment 
by weevils to commercial cloni ' 

Dafauce 1976, M orris 191; 1, ~,IOOli' I'l ~ II I')S:!, ,\ occurring (susceptible) black , 
ancl Hart 1990, Johllsoll 'Illti J()IIII SO Il :Wlr» trichocai-paTorreyandGray, TolI 

There are records ur 11l11'qU,t! i/ll'id, 'Ill'" "I (' of encountering vary ing levels. 
~ ltLICk 'lI11ong hvillid popLlr ('lull"s ill ;\,)/11, :\1 .... " <~"'n"'bi\ity, four clones we re cho" 
(Morris 1 981. 1''''oor(' et 'Ii. 11),'lL :\i \('1)(' ;tIll! 11.,11 ng backgrounds: TN 302-9 
John son ,lnciJohllSon 2()():3) , ho\\(" ('I' , II\(' lI1<'el1 :IIl -28; and NM 6 (for parentage, s. 

for tlwse appar(c'lIt ITSis(;UII'(' pltt""'""'"'' .""II_.H.", these clones are referred to as ' : 
cloll es ,lrl' unkllowit, TI1<'r(' ,/1'(' 1\\'" p"l"lIll,ll respectively, Later experiment . 
,lI,iSIlIS l u ('xpL,ii/ thi", phc",':1ilH11!)!', :1I: l i\,'lItl,i, ( from field observations ,\nd e- (, 

pre (' renCl') I' ,llllI ;\lilll10SIS (I" I" Illi," I ~, among natlYe, WI'IIows ancI t'I" ;\111 (I I\tl\!"n we) 
Orlman J9,,"» , Ailiis/'ilosi, illdic"I," 111:t! till' apparent resistance anel suscep lil 

, I I I. ' I' "Iii Iii)' ,1"'1' (B bIB I 2005)I:' lt WI' ,IC": , ;ttlrllcLllli Stllllll I t)1 10 , ro erg ane orc en' , , 
, I' I ' II I I' ,I', ' IT"d 1)('11,/\ "I t 'I Clon~1 m'lterl"ll 1'01 ' st llllll I llill IS CllllSt'qllf'1l ' " 0 I' I Iva cnn , "" 


I)" I I , III alii I )lOSl,',\, II ' 1,1), 1 1)\:,liI , r .. Current' 0 th O')t'II'll ° , 11
11'1' ),, 'orcs, 'I' l<, year s gr WI, 
, I I 1'1' 'II " \)I'\ ()I '"ht"I-U 'I 't "'OWJ1'ltScotll 'OIIlPOlll)(l ., t h,d ,\I \ 1'1'''' ~ " (,I "I , I . rP;l\itt.C,;coPPlcel rame S,.,I , 

' I ' I I I ' I 'I ' ,"S ,/IlkI' (I" 
It 

Harrl'son MI'lls, Briti sh Colu1l11,i pI IYS)O Og,I CtI ( '\ 1'. 1.(' .. II " H \() I _

I" (,C 'IIIe1It' , lul1\" (~" I ' "', all( I · II )! ' / I"'( ,I 0 \"'1"111..1 1'.11' . W) ancI pooIel,I The P' tn'I-!/()I 'I/I " , 
tl,irt! 11I 1'-tl,Oel '" I' l 'I'~i\ \;IIIl't ' ( 1',111111 '1' I')" , I , t;' from a single populatioll ill L II 

ilol's II0! 1'.\111<lill III<' ,d""III'(' "I' :I,,:wk ,1111 \,,1' (49°.5' N , 122°.j2' W ), 'lnel CO li ' 
.....ttI(,,:" at€~n<l1 on illdi viduals c:oppiC'ecl 2 IcOllsil I('1'(,1 I I'" 1'1111'1' I ( \. 

To (I,li/' , 01111' 1:"(I,,I,i;l (!I)ll,,1 "", I I l,"III"'" u/en'llllll B~," I'r ',ltt ex \-Ioo" er S(I 'Ii , 
, ' , I I " h ill\! '"1'(' 1,\11 ing from pre violl slv coppin'd ' 1,,1' "11'1('(110 ,1('(l'rll'")(, Ill' ,"11 , I , '" , I J 

, 'I I ' ' ,I II" I ),d ,,"I , from the Simon Fraser Uni '" , 
01 1', 's i\I:III(,(' 10 (. 111 '(1/ /I III 1'''[1 '",(, I" ,,,Inlt" , British Columbia (.j,)Oli ' ro.,' 

11
IOl ' ,'SI'li Oil PIT""I'''''IIII)III'''''', 'Iii, "\I'I'ri",,'111 ' were from deterillinall' branclH" ,
1> \. t·, II !"O!){ '~t]) - ,L( I .) \ \' 11 l" () I }( '''. ,\ J ]( I ' . • f' 

, I ' '111)11 ". r apical meristcllls), 
1/01 u)lIc l'ISi,"', r:('('(lil/,e: "III ()\ 'I""I J' rlllxJ il C(llollies, To obtain allllit c:.11I1 

' I I " I" 1111,,""'111
<I Ih- II/W"I' III C Oil", I "I''' I' ,II' ,,( 1 \\ 'ith sterns were col\ecl t'cI ill Illi ,l ' , , ( ,,, II' ' I, 'Oil Ii ",II 
SI/II IIII I( ,: IITII.'IT, <III' I/U',1I1 .. , 1\ ' H:l11l rs 'ated :30 by :3.5 bv, ,SO'CIlI '1 I)ill s 1 

f' I" I' /' / -/1(111/ 0 ,II (1 
() 1',((1 ,,, 1 1111'S 111\ ()' II Ie: I I , ' i,'r) nd at Simoll Fraser Ulli,'(' rsi t y, I 
S 'I, '" II ill ' I' X 1" //'1/ 11'1"';" 1111 11 I l," I" 1(,11 

11 
' I I

collecll"ci frolll Coquit ,llll , I' 
1Il I', I,', X I' Ili ,!!I 'I/) I, 1),,1',, 111'(' I ')~(i ) W Il 

' ); ill 20()2, near HOI W, ri:, 
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" tl'idro(wpu ~n- ~)(j ·l) 1"1'0111 C ";llIi l e 

Fait..;, \·\i ;I.<; I ,illl.!,toll 

Poplar Hcsearc h CClIl<' r . 

Cl'raan lsbeq.!,(, II , Hcl),(itlill 

P dd(uitie.\ 101 frOlIi Illilloi <; 

II Id l' /,m 'w 'p(/ ~r) -,I)-; -; frolll Il ob V; t!I(' y. 
\V aslrill).!JOII 

p. IIWX;'II()w;cz i; Ilell ry II ~

I'. lIi/.!,/'(/ V I/IfIXiIllUWil.:z ii 

"llilllate go,d was to ciClcnllille the rnecha­
of' resistance ,unong hylll'id I)OIJial' clones cur­
~rown in Nodh Al11cric,). In this study, we 
l'hl' hvpothescs that, co,npdrcd with resistant 
<lIsce ptiiJl c clones lackillg 'tntixenosis would 

'Iltr 't('( ive through olf',t('(ion anll would sus­
mo rl' feed ing li.llnagc. 

Mate /'ials and i'vlethods 

end Strategy. Weevils wen' given a choice be­
two potential hosts '1Ild were also exposed in 

. (>x periments to a single host type in a series 
ry o lfac tory and fe ecling bioassays. Because 

ive information 06 resistance to C. lapathi 
-,.v,,, ',,,,,le for com merc i'lil y planted clones when 

y began in 2001 , initial experiments compared 
by weevils to com merc ial clones versus nat­

(49°,3:3' N, 121 °26' 

adult s were 1\l 
placed in 2.5 b y :3.5 l1)' .50-em') ventilated 
with willow stems, w~tt e r , 
ple fruit. Weev il s for bioassays we re he ld at 4,0 c. 

BI«)II I·:nc I·T ,\ 1 .: OI.FACTOI\Y M\IJ FELI)I N(; PI\l".i"UII·:NC 1: ~<; OJ' C. /ollf1thi l(j()~ 

II 

1\ CIIIII/()'/'!llIclIIIS tapa/III (1..) • 
,~ hehavior ;\l\tO/tg four diITI!~ 
' ninti/tate bct"'('('n resishUlt and 
tI I'l'spo ns('s but did discrin1lnalt! 
; I knr\'), itlcitoic(' and lIo-cllO&n! 
, :;U2-9 (/'. Iri c/,ucat7la TOrTey and 
.tlTatt ('X Hooker, a pn:·rcorrt'd bod 
; \1 part based on antixcllotic cues 

I'OJ! II/IIS IIU1X;1II0W;C;;;;, host 5(! 

...- -' :.",".,' , .- ", 

"'orris 1981: Moore ct al. 1982. occurring (susceptibl e) black cottonwood, 
10hnson and Johnson 2003). l1ichocarpa Torrey and erav. To maximize the 

~·;)('c1s of uncqual inc id('I1<~{~ ore. of e ncount e ring varying levels of resistance 
,vbrid poplar cionl's ill Nurth 'bilit y, four c lones were chosen from dif­
, Ioore ct al. 1982, Abcb(~ lind breeding backgrounds: TN :302-9; TD 52-226; 

1 "/son200:3 ); however,tlwmc~haal"I256 _ 28; and NM 6 (for parentage, see Table 1). 
:trent resistance phclI(,)lfwnA 
11Own, There arc two p(')tcntlal 

lin this phenomcnon: IIntlxcnOlli 

Id antibiosis (Painter 1951. 


Antixenosis indicates that 

tractant stimuli or contain. 

onsequently not prefe rred 


In antibiosis , the host 
Cit adversely affect herbivore 
ic vel, i.e., herbivores suITer 
c;evity, and/ or developmental 
of resistance (Painter 1951). 
.lin the absence of attack and 
Ither. 
Iv Cadahia (1965) and 
. I d I I'Idermine t le un er y 

o C. lapolhi in poplars, 
l'oviposition resistance to 

· exoerill-"'~ 'Town clones , ane I h IS 

.~. Feed ing and oviposition 
t P, 

·Iones derived from par~ • 
,'e , and P. nigra L. comp 


d
" in volving P. della; ('.$ 


d
(, lIramericana Do e 
' ~ra) ( Dafauce 1976). 

, th ese clones are referred to as TN, TD, TM, 
, respective ly. Later experiments used infor­
from fi e ld observations and compared re­

. among native willows and two clones that 
apparent resistance and susceptibility, respec­

(Brobe rg and Borden 2005) 
Material. Clonal material for tes ting was 

current year's growth obtained from several 
coppiceel ramets grown at Scott Paper's nurs-

Harrison Mills, British Columbia (49°15' N, 
W) and pooled. The P tri.c!wcarpa tes t mate-

from a si~gle population in Langley, British 
(49°5' N, 122°42' W), and consisted of l-yr ­

" on individuals coppiced '2 yr previously. 
lCou/.eriana Barr,ltt ex Hooker stems of assorted 
grOwing from previousl v 

J 
coppiced clumps, were 

from the Simon Fraser University campus, 
, British Columbia (49°17' N, 122°56' W), 

Were from determinate branches (i.e., lacking 
apical meristems). 

Colonies. To obtain ,tdult C lapathi, infested 
stems we re collected in mid-July and kept 

30 by 35 by 50-cm
J 

bins in an outdoor
001 

at Simon Fraser Uni versity. In 2 ,mate-
II d f C I BC (49°20' Nco ecte rom oqu it am, , 

W) ; in 2002, near Hope, British Columbia 

V. 	StC(, II .H: \.;( 'rs. lIn 'd I, l' n.r . Sieitier ill l ~gH "I tI", 
{'J. Ii\ 'l' r s it~· o f \V;tShillgtOll 

I\..~d b~' [\.1'. Sieiti e r ill I<)SI "I til<' 
Ulli v('rsit ), o f ,*,Vilshingtol l 

(i :\ frcJl II J,tP:t1l 1\,..,.1 by n.r. SI(' llk .. ill I'JH~ cd II", 
Uni v<:f<; it y uf Was hillgto n 

tired ill C(' rlll ,lIl Y 

W ): and in 200:3, from the Co ­
quihalla summit a rea (.:19°.')9 ' N, 121 °00' W) . Eme rgen t 

~ 1I111 ~tll v removed from bins, sexed, and 
cont a in e rs 

and oecas ion 'lil y sliced ap­

Pitfall Olfactometer llioassays. Pitfall olfactometers 
used to examine weevi l responses to volatile st imu'\.i 
were large r versions of those d esc ribed by Prokepy e t 
al. (1995). We used a 14 by 2.5-cm pe tri dish fitted with 
two ope n 1.8-1111 Eppendorf cent rifuge tubes, spaced 8 
cm apart. The bottoms of the Eppendorf tubes were 
opened with <1 5-mm-diameter drill, so they formed a 
tube through which weevils could pass into a pit be­
low, from which escape was unlike ly. Pits were glass 
jars 4.5 cm diameter and 6 cm high for stems alone or 
4.3 cm diame ter and 8.5 cm high whe n both stems and 
leaves were tes ted. Beetles were acclimated in the 
pitfall olfac tometer for 2:10 min under the overturned 
bottom of a 3.5 by l-cm petri dish be fore the start of 
a bioassay. Bioassays ran overnight, = 18 h, in the dark 
with one female or male weevil per dish. Weevils were 
starved for 24 h before experim ents in 2003, but in 2001 
and 2002, small colony size and concern for increased 
mortality precluded using this procedure. 

In choice bioassays, both pits contained stem sec­
tion s cut to 3 cm in length. Diamete rs were matched 
be tween treatmen t and co ntrol pits and ranged from 
7 to 20 mm. In no-choice bioassays, i.e., when only one 
pit contained plant material, both pits contained a 
l-c m-long section of water-saturated dental wick. In 
this manner, once beetles made a choice to enter a pit , 
there was stimulus for them to stay (Pi e rce et al. 1988). 
In experime nts that included leaf material , a single leaf 
was placed in a small vial of water in addition to the 
stem material. W e placed a vial of water in the con trol 
pit in the corresponding no-choice bioassays. Treat­
ments were applied in a completely randomized de­
sign and were repeated until sufficient response rates 
for statistical analysis were obtained, 

We first tested responses to stem sections of each of 
the four clon es paired with sections from P. tricho­
corpa or an empty (i.e., containing a wet dental wick) 
pit. After fie ld-caging experiments (Broberg and Bor­
den 2005) suggested that, among the four clones, TN 
was highly susceptible and NM was most resistant , we 
repeated pitfall olfactometer bioassays using NM, TN, 
and S. scouleriana, a preferred host in the field. 



level in the flame ic 

Re~mh8 from paired-twig hio8 ! _ ......... 

l'o r,lp: IL Q I BI IIH' I't ,t! , 1C) -;- ,'»). cl ut edll, l( It' r [lI'c'S ure no- choice feedin g bioassavs were analyzed b>' an;lI)''''''~le x.,3-,"n-l- 0 1 ; 3 = (E)-hex-2-en. 
'\ _ '~ ,I" lIi l l , ~ II'') o l' d l'li ll "d 1) (, IILllif' , Both 1ll;lle :md o f \' ,lri ,1I1 c" (ANOVA ) using PROC GLM. and 9 = mixture of (E) · and 

fe ll l,ti l' ,Idilit (' 1111'11111/' II ('IT SlIilj('ctl'ci to ",as c hro- ,i ~niRc'\I1t d ifft' re nces w e re found , th e REGWQ __irvl,tP 
111<lt () ~r:'1) hi ('- 1,ll'(' II' (),II II "1I 11 0", r:lp'hi< ciel e('t io n \ce­ was lIst'd I'c)!" means se paration (SAS In stitute 1 
L.-\D ) all :lksi, or tl\(' l':lptllr('d \o la t ilfs ( ,-\1"11 ct :11, IH"ceSS,lr\', daLl we're tran sfo rmed (X l ll) b 
1() -;- ,3 ) \..1[1 t lll"('cl I (liati l('s (II--'- I) 11('1(, ill.i ed ccl splitl('Ss \'SfS to correct fo r non-n ormalitv ancI 11el:enosl;edi~I\'\~·EAD Analysis , A l:1c k of 0 11 
() f,,"'!,-tl - l':l("brci ,") ')t)() ",as C'h,'olll,lt ograph , illjt'c tm ti c ih ', is supported by comparative 
pc)!"t 2,,) r :, d(· tl' c tm po rt 2(iO°C. tem pe ra ture program : showed very similar volatile pI' 
h ,· ld 1 llI in ,It ,')O"C iI 1CI"l 'as('dIO"C i mil1 to 280°C: DB- .5 es among clones (Fig, I ), 
i"u secI , ili< :l ('Ohlllll\. :30 min' 0,:32 mm ID: J & 'vV Results a nd Discussion responses were nearly i( 
Scit' ntific-. f ol'o ll \. CAl a nd paswd o\'er an electro­ shown, Anten na] respon 
pl l\'sio logi cal 'lIlklln:t1 prcp;lr:ltion (Am e t aI. 1975) o r Pitfall Olfactometer Bioassays, Weevils of six-carbon alcohols, ber 
a fl ame io niz'ltion dekc tor. Antcnnally acti ve com­ sexes responded strongly and consistently to pits • conophthorin, nonanal 
pO llnds lI'e re id l'n tiR ed b\ GC-mass spectrometrv taining poplar stems ofany origin when the Itel"WllIiI.IcyJ,at'~, and several unknown C( 
(V't ri an S:ltmn 20()O Io n Tl'ilp, DB-5 coilimn '15 ,lbo \'e, was <1n e mpty pit (Table 2), These results suggest response to prominent volati 
electron illll )'ld mode) ,l nd conRrl1led b \' coelution presence of attractive vola tiles in all five types with responses in the pitfall ' 
lI'it It \\lIt hc ti c sLlIldarc\s, poplar and absen ce of a repellent, In choice to salicylaldehyde was low : 

Paircd·tlli,'" Fl'cding Bio;lss;)VS, PairecI-tw ig bioas­ male C. lopa thi preferred cut stem sections oflW but both clones were pre ferre, 
"1\ '; ,TOlitlil1 ,\l Id Bo rcicil l C)')6) lI 'e re p e rform ed to TM, and females preferred TM to sections of (Table 2), The strong antt 
d e tt' l"I."iJ1l ' fCL'ding prefere llces using .s-clll-i o ng cut tible P trichocarpa stem (T able 2) , This by C. lapathi antenna. 
ste m scdio n, Slls l)l'llc ln l o n a cC l1tra i = 2 b\' 2 bv 2-CI1,-1 was absent in late October (data not shown), 
\\'a .\ IJ lock, Th e npo scd ('l1(ls W('I'(' s('akd wi th l)arafRn was also no evidence of preference among TN, 
11',1>;, d11e1 c':lc h pa irl'cl· tll' ig 'Isscmbh- II'<\S p laccd in ;l 1-1 and S, sco ilieriana, which included leaf material aH..aJ.a'ICI10c/2rrJa 

h\ :2,,'-cn1 pe tri di, h , ]) i"I1('\ lI'e re arrangecI in a com­ as stems (T able 2), Additional pitfall experimeots 
I'll te h- r,l lld o llliz ,'d d esig l\. 'ln el indivi dlla l no nsLlr\"ed eluding stem and leaf material during this same 
11l:t1l" 0 1' i""llI ,t1e II ,','\ il s \\'ere ;llloll'C' d to feed for :3 cI. period (G B" unpublished results) showed thal 
h'eel i ng \\"1 " :l.sse,sSl'd Il\' nUlnber of fE'ecli ng ["lull c tllre s viis preferred pits con taining S, scouleriana over~';Ja============== 
; d e tcr I11i, )ed unde r a e1 isse c ting mi c roscope) and series of field -collected alternate hosts ,and no~lbaIlIiIL Weevil's choice 

Tails 
lI 'cigh t of frass (d ri ec\ to COllst,l11t mass) collected from P trichocarpa, Populus tremuloides Michau.'I(, (side 1 versus side 2) 

IIneler e :l (']1 0 1' th .. t\\'igs, rllln'n Bongard , Ace!' macrophyllum Pursh 
TN versus IT 2 ,4. >; ill tl i(' p itfal l il io'lsS<l\ s, \\' C' fir st tested e ,lch of the aceae), and Picea abies L. Karsten (Pinaceae ). 
TD versus IT 2f'Olll cl on e ,s ;1",:1in,t l' Ir; r-l!o('{/'7J(/ (/1 = ).'j) No-c hoi ce o lfnc torv discrimination does not expbin TM vers us IT 2 

('>;p('I'illlt'l l\s \1 ' ,'1',' 'll ,(l rtln 0 11 ti lt' fOllr clollt's :lnd I'. ,u\1o n~ Iwbric!s, D'lfallce (1976) also found NM versus IT 2 
I/'idld/'/II )I(/ ,II = 12 \, in 1I' l1ich th e -" Illlt' 1l 1'l tc- ri ,t1 \\'as torv di SCTilllin at io;1 betwee n susceptible p, dej'toIi"'~ TN versus IT 2 

pl.ll"( 'd O il 110lh siele, or II\(' Il 'lirt'cl-t\\ig set lip , Nt's t. 
II C' ml'd lu ircd- tll 'ig hio<ls" :I>'S to CO lnpale feedin g 
ICSP O IISl'i :ll))() ng \' \ I. T N, '11l(1s, -'"('OIl IN;lm{l in choice 
ill =, 1,5) ,mel no ·choice' (11 = l2) situati o ns, 

culti\'ar J\,fi sso urien sis Zeeland and resistant P. 
culti v'lr bollean<l LllIche in the labora tory, It is 

T O versus IT 2 
TM versus IT 2 

2NM versus IT 
able th ,t t the vo la tile profiles of hybrid poplarsareWl_~-----------­
silll ihlr and cIiscrimination is not p ossible, ces between side 1 and side 2 meal 
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PI,Lnt In a lf' ri, d 

Llsed 
\Veevil's choi ce 

(side I ve r,us sine 2) N 
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enteri ng 
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,\' enlnill
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2tl '-\ II;.! . . :2~ S('pt.. .llld 12 Oct. '200J Ste ill.' :doll C' T N ve rSllS TT 

TD q:' rsus IT 
2 
2 
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I,) 
17 

o.wM. 
TM \'e rSIIS IT 2 10 0,7(y' 27 0.7'/' 
~l\1 w" r." us IT 2 16 0,.'56 16 0..10 

Slnll.\ :lloll C' IT \'(, r S lLS elll pt~ ' pit ,14 0,93' IS 0.,'17 
T:,\! \"t' rsus emp ty pit 12 O,S3" 13 OHJ' 
TO \'ersu ~ e mpt y pi t 

. TM \ 'er.':;U$ el1lpt y pit 
14 
13 

0, 79" 
0805" 

18 
18 

0.;'­
o.,si' 

N\'I \'e rsu~ em pty pit 15 0,87" 20 il8J 
Stel1l s ,111(1 lca\'('~ NM Vf' rSWi TN 19 0,5.1 20 iU} 

:'11\1 vcrsus SS . 2 21 0,29 20 0.-1) 
TN "{'rs us SS 20 0,3.5 19 o.e 

( ;<lS ( : i1J'()'I1;tt'H~Llplli("-l-:Il'("II"O;tl1tl'nn()~l':Iphil' D l" Statisti cal Anal \'ses, In all cases, Ct = 0,0.5, For 
Icction :\n;iI, 's is. 1.,,; \1 '\ sh oo ts 1"1'01\1 the tc rl1lin ,lI s of o lfactom eter bio'lssays . response s were tested 
Il\hricl pop l:lrs II ('IT collected ill ht e Au~ust 2001 . the binOllli,11 distribution wi th p = 0,5 (Daniel 
rl'tIJl"lwci to t h(' 1;1ilor:li o l"\", pl" ced ill \\' at cr, and aer­ D ,l ta from paired-t wig feeding bioassays were 
,11,'c l ( nudil1\~\ ItJ -;- -l ) Vohtil e s Il"e re> captured on w ith a se ries of paired t-tests (D a niel 199,5), Data 
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211 0.:~5 19 Ittl 

lIalyses. III al\ cases, ex = 0.0,'5. For(lllt.l 
,i o;(ssavs, r(,sponses were tested 
iislriln;tioll with II = 0..'5 (DIUllet 
"l'd-twi).!: recdin).!: hioassays Wl'fe Time 
paired I-tests (DanicI1995) . ..,IIUlII1II,.'r.. Male CC-EAD responses to five different PO]JIIlnl sources. Peaks identified as follows: 1= (£) -hex-2-en-l-al: 2 =, 
lill).!: bioassays were analyzed UYIlliU;'.l.,~'rx-:l-e n-l-ol ; 3 = (E)-hex-2-eri-I-ol; 4 = hexanol; 5 = l-octen-3-01; 6 = benzyl alcohol; 7 = salicylaldehyde: i; = 

, NOVA) usin).!: PROC GLM, rin ;9 = mixture of (f) - and (Z)-chalcogran and guaiacol; 10 = non"nal ; 1 1 = unkno\vn;-IZ'£"noiianol; 13 = metl,),! 
' l'rences were found, the 

Icans separation (SAS Institute 


I/2 
;l were transformed (X ) 


t for non-normality and h(llte1lOl'reGI.l."~·EAD Analysis. A lack of olfactory discrimina­ finding in willows (Broberg et al. 2005). It further 

is supported by comparative GC-EAD analysis 
showed very similar volatile profiles and antennal 

among clones (Fig. 1). Male and female 

suggests that conophthorin may have behavioral activity 
for C. lapathi. In the closely related family Scolytidae, 
conophthorin acts as a repellent non host kairomone 
(Huber et al. 1999, Zhang et aI. 2001) , a repellent or 
attractive pheromone (Kohnle et aI. 1992, Dal.lara et al . 
2000, Rappaport et aI. 2(00), and a synomone for com­
peting congenerics (Dallara et aI. 2(00). Other known 
bark beetle pheromones detected in the plant volatile 
profiles were l-octen-3-ol (Pureswaran and Borden 
2004) and chalcogran (Byers et al. 1989,2(00), which 
also occurs in Salix spp. (Broberg et al. 2005). 

Results and Discussion 

Ictometer iJ3ioassays. Weevlll 
eel strongly and consistently to 
.stems of any origin when thClaltl"~ 
pit (Table 2) . These result. lUi_II,. 
Ittractive volatiles in all 
,ence of a repellent. In 
Ii preferred cut stem sections 
des preferred TM to section. 
IIrpa stem (Table 2), This ~1lI'III1III 
, late October (data not shc)W1I1J' 
vidence of prefer~nce amlo~,qil 

irma, which included leafmaitOl'III! 
,Ie 2). Additional pitf~1 
'Illd leaf material dunng 
ullpublished results) 
I pits containing S. """flhilUn 

I-collected al ternate 
II Populus treuwwides 
, r~l, Acer macl"OpllyUum 
'icea abies L. Karsten ( 
'rimination does not 

tis. Dafauce (1976) 
1l<ltion between <1I~;cel>t1IDII!!iIIi 
(}uriensis Zeeland 
·ana Lauche in 
volatile profiles of 
liscrimination is not 

nal responses were nearly identical, thus only 
are shown. Antennal responses were primarily 

by six-carbon alcohols, benzaldehyde, salicy­
conophthorin, nonanal, nonanol, methyl 

and several unknown compounds. Low or 
response to prominen t volatiles were inconsis­
with responses in the pitfall bioassays; e.g. , re-

to salicylaldehyde was low in TM and high in 
both clones were preferred in pitfall experi­

hi e 2). The strong antennal response to 
. by C. lapathi antennae despite its nearly 
e level in the flame ionization detector 

spectrometer supports its earlier discovery in 
'1U1()ca,'nn (Huber et al. 1999) and reflects a new 

Paired·twig Feeding Bioassays, Weevils fed on the 
inner bark at the cut ends of stem sections despite 
sealing with paraffin, making estimation of pUllcture 
numbers difficult. However, data on frass production 
and feeding punctures were generally consistent (Ta­
ble 3; Figs. 2- 4). 

RClmlts from paired-twig bio8ssays of four hybrid poplar dOll..es and P. trichocarpa (IT) 

Mean no. feeding Mean ami of frass 
Weevi!'s choice 

Tails punctures::!: SE produced:!: SE (mg.)
(siJc 1 versus side 2) 

Side 1 Side 2 P Side 1 Side 2 /'I 

TN versus IT 2 20.0 :!: 4.6 14.3:!: 3.2 0.91 0.38 1.6 0.5 1.4 0.3 0.68 0. '<; 1 
m versus 11 2 10.4 :!: 1.7 26.6 :!: 4.2 -3..52 0.004 0.6 0.1 l.2 0. 2 - 2.S7 0.02 
TM versus IT 2 20. 1 :!: 3.9 197:!: 3.8 0.08 0.94 1.0 02 13 03 -0.59 0.:" 
NM versus IT 2 12.7:!: 1.8 22.9 :!: 4.0 -2.58 002 1.2 0.2 2.2 0.3 - 2..'58 00" 
TN versus IT 2 15.6 :!: 38 6.5:!: 2.3 2.00 007 1.5 0.3 1.0 0.2 UO 0.18 
TD ve rsus IT 2 g.g:!: 3.6 130:!: 2.8 -0.65 0.52 0.7 0.2 0.8 0. 2 -0.3" 0.,6 
TM versus. IT 2 21.1 :!: 3.2 17.9:!: 6.4 201 007 1.0 0.1 0.8 01 1.7.5 0.10 
NM versus TI 2 )3.2:!: 3.1 12.7:!: 3.3 0.09 0.93 0.9 0.2 1.0 0.2 -071 0-19 

. hetw('cn side 1 i.\Ild side 2 means were compared using a paired (-test. 
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TN 

50 

ci,t11v when first planteel The lack of antixenosis to­
w,lrci T;'vL which is also highly resistant (Broberg and 
Borden 2005). ,1ncl the lack of consistent preference 
tor the susceptible> TI) ancl TN in choice and no-choice 
paired-t\l'ig feecling bioassavs (Table 3; Fig. 2) sug­
gests th'lt caution should be used in the use of feeding 
preference screens as indicators of resistance in the 
field. 

Nonpreferellce 1'01' }' (lIiJa culti\·<tr bolle'llla re­
Ill,lined COlhLlIlt 0\ PI' se\'eral choice reeding trials in 
the \lor\.. ol'D:lf:lllC'c (ICJ-;-(i) hut not In th:tt ofCld<thia 

1l)( i.) \ -\ 1,,). in the onh lIo-choice tri,d of DaLlIlce 
( l lJ -;-(i) t here \I',IS c<]ll:d l'ecciil\,L'; ali tht' nOlipref'erreci 
I' (/11)(/ ('ltiti\,l1 holle,til,l <l1lC1 the (usu,t1k) highl\ Jlre­
ferreel clolie. P lidloiliey \LlIsh culti\:lr CaJ'O,ii!1el1Sis 

We intend to investigate bark chemistry in the 
Because we did not examine effects on wee,il6 
directly, it is possible that reduced feeding 00 NY 
not a result of antixenosis, but of enhanced 0 

value. This does not see'm a likely alternate hy 
as others have found NM and other clones ~iIIa 
maximotcic;:;ii parelltage to have antixenotic or 
biotic effects on a number of species includiuc 
iOIJaIi!i lal'iae (C.B., unpublished data), forest 
c'lterpiliar, jv[oiacosolllll disstr'ia Hubner, larvae 
bison and Raffa 199,-1). gvpsv moth, Lymanhia d -
L.. lan',w (Kruse and Raffa 1(96), the aphid, 
liilO/'Ii.\' iellcollieias Koch (Ramirez et al. 200(1). and 
me<ldo\\' mouse. Microtlls 1)('llllsuiuonicus (Ord) ( 
bisoll <1llcl Raffa 19(8) \-Ve conclude that C.lapIIIIi 
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Fig.~. Rest,]ts I'rom feeciing hio:lss:lv e.\periments in which no choice was given, comparing feeding on four hybrid 
('1(11 1< " :lml \\'ild I' /"idl<>('(/I'II(/ .-\"iOVA sLltisti('s ,Ire ,15 follows: (A) F = 4.61, elf = 4,.54. P = 0.003; (B) F = 3.9-2, df = 

I' = (l OOS,C:) I' = 1 12. e11- = ~ ..)~. I' = 0.:1(;: (0) F = J6J. cif 
ictll'!' :11'(' not si.c:nlficlIltk'different (l\ECWQ t('st. I' < 0.0.)). 

Female weevils alone fed less on TN or TD than on 
P trici!oC(/I-pa in choice situations (T,1ble 3) In no­
choice situ'ltions. both sexes gener,lll\' fed the least on 
:\\1: ho\\c\c\'. this feeding was not significantlv dif­
ferent from that on TD, P. trici!ocaI'JJa. orTN (Fig. 2). 
Whcn fcecling preferences among NM, TN, and S. 
.\collieJ'/([1I1l were examined, responses became clear. 
\\'I1('n presented \\'ith ,1 choice, weevils of both sexes 
,I\'oiclecl :\\1 in !'a\'or of the more susceptible hosts TN 
or S. scollierillll([. Furthermore, weevils selected TN 
0\ er its prcfcrn,d wilcl host S scollieriolla (Fig. 3). 
Th,'"'' 1','Sl llts \\('IT rdll'C'kcl in the no-choice exper­
imcltI, III \\ Itich hath keeling punctures and frass pro­
e1uction Oil N\'1 were sigllificantlv lower for both sexes 
than on T]\ or S scollierioll(l (Fig. -1) The preference 
for TN over S scollieriana indicates that this hybrid 
could be \crv susceptible to attack in the field, espe­
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on which adults also had the greatest longevity, 
ilarly, we observed that weevils make choices 
tent with maximizing fitness by discriminating Jg. 3, 
NM and for TN, but often fail to do so (Table 3; given 

2- 4), suggesting that either antixenotic signals or 
vi! preferences are unreliable. Accordingly, C 
showed only weak oviposition preference belt-.... 
TN and NM (Broberg and Borden 2005), yet 
fitness costs of making a wrong decision were 
because eggs did not complete development in 
All four hvbrids in this study are from the two 
rel,ltecl Popuills sections Aigeros (cottonwoods) 
Tacamahaca (balsam poplars) (Eckenwalder 1 
Given the similarity in the volatile profiles of 
different hybrids, and their evolutionary relat 
it is possible that their bark chemistry is also 
similar, at least at the time of feeding and oviposili.... 
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