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Abstract I ( I I I I  I I 1 3  8 - 707 ( 2 0 0 0 )  

7 he elfcct ot seriirocheriirc,~I tntctrupt,tnt\ w't\ exctriirned to1 I/>\ /trtrilo~\ (1 ec'onte) 
'tnti I / ) \  pcilr (C;..ry) u\lng ,trtlfic~,tl tree\ (tall-tr,tl,s) coiisrstlrig of .In ,rrr,ty ol \even 
IArritlgren rn~rltrl)lc-I~rrinel t~ , tp \  \~~\pcnt ie t l  vettrially on ,I lope I,itltlc~ 5-(+)-  
Ip\tirenol ~ctluced the nnriibcr\ ol I Intrtlri~t ~~ipturec l  111 (k)-rpscriol-ha~teci f~~rtliel 
t r  ,tp\ iclattvc to f urllicl t r  4 7 \  ~ ~ i i n i a l ~ ~ i t e l ~  'thove tlicrii ,ind to control tall-tr ,tp\ I lie 
ioriihrri,ttror~ ( t i  (k)-cto-brevicoriirn 'inti i r c -  .tntl i ico~\-ve~hcriol  ictlrlcctl the rinrn- 
he]\  of I piiri c'ipt~~retl i r i  ( I ) - rp \drcnoI-b~t~t~t i  i~lllnel tl,ip\ rel'ttrve t o  tunr~el tl,~p\ 
t~iimecir,iiely ,tho\e ilierii ,illti to iontrc,l t,tll-ti,~p\ These re\ult\ prov~tle \upport for 
~ c r u ~ o ~ l i e t i i ~ i , i l - b ~ ~ ~ c c l  pc\t-ri~,~ri,tgeriient t,tctlis i h d  L I ~ I I I I C  '1 jx)trif \ O L I I L ~  ot I I I ~ C I -  

iuptant ,tt tlie h,r\e of ,I tree tvhrlc notlng Ir~nrt,~tro~is 11-1 heIi,~vrotlr,tl eilects ,inti effi- 
crtiy 

Mtllct I>li 2000 i)epl,~~er-rrcnt ~erltcdi ti I/'\ /trliiic,ii\ el I / ) \  piiri (Co1eopter.i 5.col~ttd.t') p i t  

tntcr~uptton \cirttoch~ni~quc I / / (  ( triicrciicl17 i ~r/orrio/oqi\/ 132 780-797 

Resume 
Nous ,tvo~i\ t o t e  le\ ettet\ d'1111irhrt~111\ \ e ~ i i r o e h ~ ~ i i ~ ~ ~ t ~ e \  C ~ C /  Ipc / ( l i r c / c i ~ \  (Le- 
Coritc) et I/" / I I I I /  (S'rq) en ~ l t r l t ~ t n t  cle\ ,tlhlcs ,i~tltierels ( r t r h ~ ~ \ - p ~ L \ g ~ \ )  coriipose\ 
tic \cpt prcges LAlnd~reri ,I pIu\leul\ crilolinorr\ suspendus vettlc,tlenietit \LI I  ilnc 
eclielle tle colcle 1 e 5-(+)-lp\tilenol '1 redutt Ic nonibre clc I latrclc~i~r i'iptules d'tns 
tic\ prege\ ,r eritorrnoll\ g,ttril\ tic (+)-lpsenol coriip~tr~ttrvement au nonihre c,tptule 
cl,tn\ le\ plege\ a entonnorr\ ~nsr~tl les rmrnedratemcnr ,\u-tle\su\ ct tl,lii\ le\ ,tihie\ 
171eges teliioln\ 1 ,I conrblll,t~\on ele (+)-c to-hrev~iotn~ne ct tie ( r c  et 11 tr/l,-ve~ bcnol 
,I cu ~,OIII  "let de tetlutrc Ic nomhre ti ' /  / ) r i r r  L ' I ~ ~ L I I C \  (irtri\ I c \  plege\ '1 ~ r i ~ o r i r i o ~ ~ \  
g,t1111s tle (+)-lpsdlcnol co~iip,ir,rl~veriicnt .ILI noliihle L ~ I ~ ~ ~ L I I C  ti,tn\ le\ pregcs tcriiolns 
~ I ~ L I C ~  ~~ i i t i l ec i r~ t t~~ i i e~ i t  r ~ ~ - t I ~ \ \ t ~ \  et d,tn\ les ,~~btc\-l,lcge\ temoln\ Ce\ lesult,tt\ ~ L I \ -  

trlierit le leeouts '1 tfes t,tctlclues d',tnlen,igemelit s e t i i~o~h l l i i~q~re \  C ~ L I I  I I ~ I I I ~ C I I I  LIIIC 

suhst,trice ~nhlhltrrce ponctucllc pl,tiee ,I 1'1 base d'trn ,trble. rn,tls \o~~lrgncnt  
I'lnil~o~f'tncc cie tcnlr cornpte de\ Itriiltes tic I ' e t l i ~ ~ t c ~ t e  ( I c  lrl ~ i i~ t l i ode  et de \c\ el- 
lets \ u ~  Ic compoltcriicnt 

Introduction 

1/15 / ) / I I I  (Say )  'illti 1/11 ltrtrtlcr~r 1,cConte (Coleoptera:  S c o l y t i d , ~ ~ )  , t ~ e  cornmorl jpe- 
tie\ ol h , i~k  beetle\  that b leed 111 tlic plilocnl tr\\Lle ol  dead.  clyrng. or clowned locigepole 
prrie, P I I I I / \  ( o i ~ / o r f ( r  var. lrrlr/olrtr Erigellilann ( P ~ n ~ r c e a e ) ,  111 we\ te ln  N o ~ t h  A I T ~ C I I C , ~  
( F ; L I I ~ I \ \  'rnd Carol111 19x0)  T h e \ e  \pecres ,Ire o l ten  pre\ent In large number \  dur ing el,- 
idcinlc\  of the  mouritaln plne hcctlc,  Ijr~riliot  torrrrr /iorzrlcrocrrr Hopkln5 (Coleoptera :  
Scoiyt rdae)  (I-LIIIII\\ 'rrici Crl10li11 1080) .  Ipr lirrrtlc~l\ generally breed\ 111 the top\ and 
l1111b\ 01 t lee\ .  o c c ~ r \ ~ o n ~ i l l y  ~ii le\ trr ig d ry  portron\ ot the  Inalii bole In a\\ocl,ttlon with 
elthei I prilr or I )  /~o~rr lcro~rrr~  (Furnr \ \  dnci C'lrolrn lO80; Miller and Rotden 19x5).  



Both 1 / ) I ~ I I  'uid 1 lritrclcr~r a\\emble on ho\t\ 11-1 Luge, \rngle-\pcc~c\ 'tggr-ega- 
troti\, f,tc~l~tated by aggrcgatron pheromone\ (Boitien 1982: Brrcli 1984: Byel \ 1989). 
Male I lnrrtlrr~r piociuce p~edomrn~~ntly (N)-(+)-ip\enol (2-rnetl~yl-6-111ctIiylene-7-octeri- 
4-01), ,lnd both m'ile 'inti le~-ii,tle I ltrtrrlriic arc ,rtt~;rctecl to I~tccrnlc bletid\ ( M ~ l l e ~  ct ril 
1991 ). 1/)\ pri11 ~ i \ e \  ip\cl~enol (2-nietliyl-6-metliylet7c-2,7-octLtcliei~-4-01) a\ ,In 'lggrcga- 
tion phe~  omone (Stewart 1975, Birch P I  trl I9XOo; L;ui~er c/  111 1980). pi-eferrrrlg '1 

r~icemic blend in \o~ithwe\te~n Brit1\11 Co1uriib1;t (Miller P I  ti1 1906). 
Both specre\ exhrbit mutual ~nterruptlori ol attlaction tli~ougli tlierr L I W  of phero- 

mone\, ,I rnccli,t~ir\~n that could ensul-c ecological ,ind icp~ocluct~vc rsolat~on (B~rcli  
1084; Mrllc~ I99I). Ip\drenol, produced hy rn;ilc 1 priir. ~nterrupt\ the ,tttl,ictlon of 
1 Itrtrclo7\ to i t \  pheromone (Mrllei- arid Bortien 1992). Ip\enol, pr-otfucccl by male 
I ltrlrtl~~iir. ~riterlupt\ t l~e  nttiactlon of 1 / ) 1 / 1 1  to i t \  plterori~one. ip\d~enol (Bordeii r.1 rrl 
1992) 

The prc\eiit \tudy exarnme\ tlie ellect ol vcrt~cal dt\tancc I lon~ a pornt \ourcc at 
the ba\e of ,I trec oil the interruptron oi phcr-ornoiic attlaciron with I I~trrle~z\ i111d 1 /)ri11. 
The concentration ol a \eniiocl~e~lircal intcrrul-tt;tnt Irom ,I porr~t \ource at the bu\e ol ,I 
(lee \hould cl~m~rt~\Ii  wrth iricren\11ig vcrt~c,il dr\t:uricc along ,I tlee bole t1~1c to d~lution 
111 ,I tIi~ee-clti~ien\~on~il ,tlr \pace. Thi\ pheno~iie~io~i \ l io~~ld  leacl to a I-cductron In 
phcromo~ie ~nterruption becan\c both \peere\ exhibit a [low-dcpende~it le\pon\e to 
~nteri uptant\ (Millel- I99 1 : Miller dncl Borden 1992). 

The cxper~mental de \~gn  employed a r t~ l i c~~ i l  "tree\" rather than lrve tree5 to iivo~d 
the po\{ibrl~ty of natural beetle attacks and contoundrnent from addrt~onal pheromone 
\ource5. Specilically, thi5 \tudy a\\e\\eci the e lkct  ol \emrocIiem~cal ~nterruptant\ In 
rcduc~ng the number\ ol 1 I N I I ( / C I ~ \  2nd I prrrr arlivlng on an artilicrai "tree." partlcu- 
larly w ~ t h  re5pcct to a ~ O L I S C ~  of ~nterruptunt located at tlic ba4e oi the tree. A por~it re- 
lease \ouice of ~nteiruptant(\) at the ba\c of an ;i~tific~al trec \liould ( 1 )  reduce nuinher\ 
ot Iitnd~ng beetle\ ~clativc to tlie upper port10114 of the tiec. ancl (2) reduce tiurnher\ of 
lanclrrig beetle\ III the ttppci portion\ of tlie t~eutcd tree relative to the \ame portion\ 111 

untreated control\. 

Materials and Methods 

In 1986, two cxperrrnc~it\ were conducted rn mature \i,tnds of lodgepole plne near 
1 3  lncctoil (4Y'27'N, 1 20'3 I'W), B1-1tr\11 COI L I I ~ ~ I ~ \  In each experiment, eight t all-trap\ 
wcie 4c1 111 10111 I ~ P I I C ~ I I C \  0 1  two tr i l l- t~r~p\ pel repl~c,ttc. Edch t,tIl-ti'lp con\r\tecl of 
\even e~ght-t in~t m~~ltiplc-tunnd tlap\ (L~ i idg~en  1983) (Phero-Tech Inc., Delta, B~-rt~\h 
C'ol~umhia) \u\pentlecl in a vel-tical .uray o n  rung\ ot :I ladder con\tructccl ol polypropy- 
1e11e tope (diaiiicte~ 6 m ~ n )  ,lnd metal coiidu~t p ~ p c  for lung\ (length 70 cm, d ~ a m c t e ~  
16 m~ii) ,  \paced '11 ~ntervnl\ of ,ibout 1 113 Each tall-trap w,t\ po\~t~oriecl between tree5 
by .I rol~e-,tnd-pulley \ i i \ r ) ~ ~ i \ i i ) ~ ~  4y\te111 \~rch that no t,111-t1,1p w,t\ w~tlirti 5 m of any 
t ~ c e  ,tnd the collectron cup ol the hottonr furinel t~,tp was ,~boiit 0.5 m 'thove gtouncl 
'T,rll-ti'~p\ were \ct i ~ h o ~ i ~  115 111 r ~ p L ~ ~ t  w~tli~ri  'I iepllcdte with 'I \p~ic~rig 01 >5 km between 
icpllc'ltc\. 

'The clc\ign In bxper~rncnt I ,tl>ptoxirn,~tctl ' t  Itypothet1c.11 \cen,tr lo ~nvolving at- 
t x h \  on  t~-cc\ by / ltr/rrlc~l\ (Fig. 1). 'Ilic ~ O L I I  Iowe\t Itlrl~leI tli1p5 01 each tall-tr'ip were 
b,t~tccl w ~ t h  the pherornonc ioi I ltrlrdo1r, (+)-~p\criol, on 24 J~inc Witliln e,icli repli- 
c'tte. the two lowe\t fr~~inel  11,ip\ of one t,~ll-tiap were baiteci o n  tlie \ariie tiate ~ r t h  the 
tnteliupt,~nt. (+)-ip\dicnol, ,tnd the t,~ll-t~ap wa4 dc\ignatcd ,I\ "t~e,itecl." The three L I ~ -  
~ C I I I X ) \ I  I~inncl ticips w e ~ e  lelt hlnnh to a\ \c\ \  the ,~ccur,lcy of ,ittractlon ielirtrvc to 
hartcd Ittnncl t i  ,ip\ 'Tr'rp c,ttclie\ wcic collcctecl '11 rntci v'lls of 2-3 weeks unt11 tcr nlln,t- 
tion 0 1  the cxper~~i ic~i t  o n  4 Atig~i\t. 
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bxperiment 2 wa\ de\rgned for / pr~lr, which generally rnfc\t entire tree bole\ 
(Flg. I ) .  Becau\e few I /trtidcrl\ were captiired In the blatik tun~iei trap\ In Experiment I ,  
a11 i~lnncl trap5 were halted witti the phe~omone for I plrii, (+)-rp\d~enol. on 4 Augu\t. 
Within each repl~catc, the lowe\t i ~ ~ n n e l  trap of one tall-trap WCI\ hattetl on tlie a t n e  
date with the pherorno~le\ tor 11) porrdci.o\cw. cto-brevlco~i~l~i and t r c -  ,tnd trtrnc- 
verbenol (B + V), 'tnci the tall-trap wa\ tle\lgnnted '1s treated cto-Rrevrcom~n and i I \ -  

,tnci trtrr~r-verhenol, produced by D por~ilrro\iir, iziter~upt the L~ttractioii of I prilr to 114 

pheromone (M~ller  1991). Trap catches kcre collected 'it ~ntcrv'lls 01 2-1 weeks untll 
terrn~n'ttion of the cxperlment on 2 September 

(If)-lpsenol 'tnd (F)-lp\dlenoi (ciietnrc,il pu~itre\ > 98%) weie ohtalnecl horn 
Bedoukian Re\c,lr~ii Inc (Danhurq. Coniiectrci~t) RJ Johnston (Dep,irtment of Cheixi~s- 
11 y, Simon Fra\cr Un~vcr\tty, Hurnahy, R ~ i t ~ \ h  Columb~a) supplied S-(+)-lpsdienol (optl- 
cal purity 98%. clie~ll~cal pur~ty > 98'k). Gla\\ cap~llary (+)-rto-brcv~com~ij  lure\ 
(chein~c,il purity > 98% ) and polyethylene bubble-cap lure\ contalnirig .I 13:87 ~i i~xture  
of c 15- ,ind ~itrrlr-vetbctiol Ichcm~cal p i~ r t t~e \  9XCk, cnanttot-ncrlc cornpostt~on\ 83: 17 
(-):(+)I wcr e supplied by Phe~  o-Tech Itic. 

E,lch ~p\enol ,inti ~p\d~ciiol  l u ~ e  co~~si \ ted  ol c~gh t  M t c ~ o c a ~ "  d~\posablc p~pcttes 
(2  pL) (1>1~11iilnorid Sc~c~itrfic Co., 13ioomnll, IJenn\ylvania), c,lch scalcci at one elid ,~ncl 
lillcd with (F)-~p\ciiol, (+)-~p\ci~cnoi, or (+)-ipsciienol and placed in an operi polyethyl- 
ene, ~nicroccntl i i~~ge tube ( 1  8 mL) (Everg~ecn Sc~cnt~l ic ,  I,os A~igelc\, Cal~fornin). The 
~cle,t\c i'ite ol ~p\cnol and ~p\ciicnol fro111 lute\ wa\ c ~ h o ~ ~ t  80 yg/d at 24OC. The I-clcn\e 
~ , ~ t e \  ol vc~benol\ from hubhlc-cap Itnes were 'ibout 128 pg/d at 25°C. while the rele,tse 
late oi i t to-h~ev~corn~n wa\ 12-71 yg/d ,it 27'C All telcasc ~,lte\ welt cietet~ii~neci hy 
gr,iv~mct~ lc ,in,ilys~s 

Sexm oi / I I I I I I  w c ~ c  detc~nirncti L I ~ I I I ~  d ec l~v~ t~ t l  cIiLitrtcte~s (L'IIIICI i ~ r i ~ l  C~inie~oti  
1969). wlieic,t\ those of I /u/rtl(~ir\ wcle detcim~ncd by cli\scct~on .rtici ex,~rnrn~it~o~i ol 
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gcn~tal ia .  Vouchc~ \pecllnen\ were depo\~ ted  ;it tlie Entomology Mit\eum, S ~ m o t i  F r a w  
Univcr\~ty.  

Palred t test\ weIc it\cd to cornpale total cntche4 in \electctl trap\ between control 
, ~ n d  treated t'~ll-trap\ For each expcrtment, trap catch d'tta Itran\formed by In(Y + I ) ]  
,t~iti \ex 1:tt10 dittit (101 catche\ > 5) I translormed by arc\~nc(Y)j  for c o n t ~ o l  and tteated 
tall-trap\ welc \ubjecteci \cparatcly to two-way ,tnaly\l\ ol valiance (ANOVA), u \ ~ n g  
~epl tca te  and trap h e ~ g h t  ,I\ model f a c t o ~ \ .  Ft\hcr'\ Ica\t \ignilicant cl~lferei~cc (LSD)  
tnul t~ple lange te\t w:t\ pcrlo~mecl when P 1 0 . 0 5 .  The data were a n a l y ~ e d  u ~ t h  the 
SYSl'AT \t:tt~\t~cal package v e ~ \ l o n  8.0 (SPSS Inc.. Chtcago, Illrnoti) 

Results 

The ~ntert-upta~it\  \igntlicantly I-educed tr'tp catche\ of I Itrtrclrn\ ancl I 11rr11. 111 
Expcrrment I ,  the ~ n e a n  f S E  total c,ttcli ol 3 f 1 I Iertrtler~\ 111 the two bottom trap\ of 
the treated tall-{lap\ wa\ le\\ than the Inenii total catch of 9 3  f 38 III the two bottom 
~ I ' I ~ X  of the control tall-trap ( t ,  = 7.70. P = 0,005).  In Experiment 2, the tncan f SE to- 
tal catch ol 8 f 5 1 prnr tn the bo t to~n  ~ I L I ~  ol the treated tall-trap\ w a j  le\\ that1 the 
mean total catch of 107 f 5 0  111 the bottom t ~ a p  of the corltrol tall-trap ( t ,  = 6.52, P = 
0.007). 

Interruptant\ In the lower fuilnel trap\ a l \o  reduced total catche5 oi I lotrdcn\ and 
1 111171 111 trap\ above tho\e ti-eated w ~ t h  ~nterruptant\.  In Expeninent 1 ,  cornb~ned total 
catche\ of. I Icirrclrnr 111 1p5enol-baited lunnel trap\ at heiglit\ ol 3 and 4 m above 
ground were lower In treated tall-trap\ than tn control tall-trap\ (mean f S E  total 
catche\ ol 35 f 9 and 103 f 53,  I-e\pectivcly) ( t ,  = 3.89, P = 0.030). In Exper~ment  2, 
comb~net l  total catche\ o f  I / H I T I  III ~ l ~ \ d ~ e n o l - b a ~ t e c I  l u i ~ i ~ c l  tl-:tp\ at all height\ 2 2  m 
were lowei- In treated tall-traps then III control tall-trap\ (mean f S E  total catche\ ol 338 -t 
155 and 642 f 245, re\pect~vely) ( t3  = 10.19, P = 0.002). 

1/7\ Itrtrclrt~\ ~tnd  1 / ) I I I I  cit\crim~nated bctwcen ~ n c l r v ~ d ~ t ~ t l  pheromone sources 
w ~ t h ~ n  a vert~cal nrruy of traps. In Expcr~mcnt  I .  the rc\pon\c of I Iritrdc/~\ wa\ allected 
by trap he~ght  In both control ( F ,  [, = 44.7 1, P < 0.001) 'tnd treated (F, ,, = 44.7 1 .  I-' < 
0.001) tali-trap\, due largely to the unbarted tlap\ at heights of 5 7 nl ( F I ~ .  2). A \  well, 
cntche5 of hcetle\ ~n the two lowel tp\d~enol-  and ~p\enol-bu~ted litnncl trap\ of the 
trcatctl tall-tl'tp weie lowel th'tn c,ttchc\ $11 the two ~psctlol-balled t1~1p5 ~mrned~ate ly  
above them. Catche\ In the lower t~-ap\ wete cornparable to tho\c 111 the t111cc upper- 
iiio\t, blank trap\ In contra\t, t h e ~ e  war no clillerencc In trap catclte\ of I lrrt~tlc/~r 
'tmong the l o u ~  ~p\cnol-batted trap\ of the control tall-trap. Few I Itrtttler~r were cap- 
tl~rccl In blank trap\ at Iie~ght\ ot 2 5  111. even though the trap located at a height ol 4 m 
W'I\ batted w ~ t h  11s pheromone ~ p w n o l .  

111 Exl>e~~nient  2. tlie rc\pon\e ol I ~ ~ r r r r  wa\ 'rllected by t ~ n p  h e ~ g h t  tn both con- 
trol (F, [, = 5.00, P = 0.004) and treated (I;, ,, = 14.74, I-' < 0.001 ) tcill-tral)\ (Fig. ?) 
Catche5 ol I / ) I I I I  111 the lower ( R  + V)- and 1p4ciicnol-ba~tcd lunnel trap of the treated 
tall-trap were Ic\\ than c:ttchc\ in trap\ baited with ~p\ciicnol alone. There wa\ no  dil'fer- 
cnce 111 merun catchc\ among the trap\ of the control tall-trap. 

In Expcr~ment  1 ,  tile \ex ratlo of I lir/ril~~/r\ captured 111 lunncl [lap\ w,r\ unitl- 
Iectcd by ttap h c ~ g l ~ t  In c o n t ~ o l  ( F , ,  = 0.50, I-' = 0.655) or t~eitted ( P I ,  = 0 80. P = 
0.465) tCtll-tict1>\. The mean f S E  propoltion of male I lc~ir~lrt~r In tr:tp catches wa\ 0.18 + 
0.02. 111 E x p a ~ n ~ e n t  2,  the \ex 1,ttto of I 11rr1r  capt~irecl in funnel trap\ was ~lnaftcctcd by 
tr'tp he~ght  rn contiol (F, ,, = 0 42. P = 0 856) and tieated ( I . ,  ,, = 1.12, P = 0.393) tall- 
tt'1134 l 'he mean f S E  ploportion ol ~ n n l c  I /7 r r l r  In trap catche5 wu\ 0.40 f 0.01. 



I 
Control I 

Mean (+SE) number of Ips Iafidens (n  = 4)  
F1t.r nl 2. Interruptive effect of ip.idienol (Id)  on catches ot Ips latrdctic in ipsenol-baited (1-4) and 
blank (5-7) funnel traps within tall-traps. Height\ of traps deter~nined at  middle of each trap. Means, 
within a figure of seven trap means, followed by a different letter are significantly different (Fisher's 
I,SI) test, P = 0.05). 

Treated 

b 

Mean (+SE) number of Ips pini ( n  = 4)  
1q1c.r i l l  3. In te r rop t i~e  effect of exo-hre\icomin and terbenols (1% + V )  on catches of I p s  plrzr in ~psdienol- 
haited f t ~ ~ ~ n e l  traps within tall-traps. Heights of traps determined nt tnicldle of each trap. Means, 
within a figure of seven trap means, followecl h v  a different letter are significantly different (Fisher'\ 
I,SI) test, 1' = 0.05). 

Discussion 

The\e re\ult\ w ~ t h  I l o t ~ r l o l ~  'ind 1 p r i l i  \upport the contention that vai-lat~on In 
bark beetle beh,ivioui\, iclutlve to vert~cal \trat~ticatlon 01 attack\ and pheromone dl\- 
penal ,  I \  Impoltant In the d y n a m ~ c \  of bark beetle populnt~on\. The behavioural 
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phenomena involved In vertical \egregation of ho<t inaterial by bark beetle\ have been 
clearly de\cribed lor the balk beetle guild in \outIieiii pine \tan& (Sinitli ct U I  1993) 
'tiid likely apply to other plne \y\tem\ a\ well (Borden 1982, Birch 1984; Byer\ 1989). 
The ~outhcrn pine beetle, Ilrrzilroctonur frorltalr\ Z~mmerman. generally attack\ 
loblolly pme\ at height\ of 2-6 in above ground (Dixon and Paync 1979: Co\ter clt (11 
1977) Tlie m~d-bole 14 generally occupied by Ips t cillrgrcrl,l~rr\ (Germar), wheica\ 117s 
qrrirzdrcollr\ (Eichhoff) dominates in lower branchc4 and part\ ot the inid-bole (Birch 
~ i i d  Svihra 1979; Paine c't trl 1981). Ipr ~1*rrl\ir\ (Eichhoff) I \  found throughout the 
tiunk, dominatirtg in the upper bole, where ~t stay\ jepalatc from I q1~11d1co11r\ (Birch 
.utci Svlhra 1979; Svihl-a c7t (rI 1980; I'aine p t  a1 1981). 

Ho\t \eparation of bark beetle \pecie\ in wuthern plnc tore\t\ 5eeinj to be facili- 
tated by \cmiochcmical\ (Birch rt ril l9XOI?; Svihra ct (11 1980: Siiiith ~t (11 1990). 
1)cnrlrot torzii, frontcilr I \  atti-acted by the pheroinone tiontalin (Vit6 197 I ; Payne cr trl 
1978. 1982; Rilling\ 1985). N \ ' I I / \ I I ~  and I c rillr~~rri/~hrr c arc attracted by the 
pherornoite ~p\dienol (Viti. rt (11 1078; Smith (>I 01 1990; Kohnle c2t (11 19941, with at- 
traction 01 I cullrqrcr~~hir~ enhanced by ( I\-vcrbenol and ho\t compound\ (Renwick and 
VltC 1972). Attraction ol I rn>rrl\rr\ is enhanced by (S)-(-)-ip\cnol (Hedden er (11 1976; 
KohnIc (11 (11 1994) and mixture\ ol erzrlo- and c.\o-breviconiin (Richer5on and Payiie 
1979). Ipr ~rcilrtlrc ollrr 15 attracted by (S)-(-)-ip\enol and ho\t monoterpene\ (VitC pt (11 
1976; Billing\ 1985; Smith rr ol 1990; Kohnle rr a1 1094). 

N~chc 4eparation I \  enwred by inutual interruption of pheromone attraction (Blrch 
rt cil 19XOh; Svihra 6.t ril 1980). Tlie attraction of I ccrllrqlcil~hut I \  interrupted by the 
phei-ornone ol I uvul\ur, wherea\ the attraction of I qrrrnclre 01115 I \  interrupted by the 
pheromones ot D frontulr\ and I t crllrgr upl,hu\ (Birch cJr (11 1980h; Svihra c.t (11 1980; 
Kohnle c.t (11 1994). Attraction of I) frorzfalr\ I \  lnterrupteci by the pheionione of 
I gr ontlrt ollr\ (Birch rt (11 1980h). 

Vertical \tratificatioii in ho\t utili7ation by \emiocheinicai\ ha\ rinplicat~on\ for 
the developnieiit ol sein~ocltcni~cal-based inanageinent tacttc\. A point \ouice of inter- 
ruptant 'tt the base of an artificial tree reduced catche5 oi both I lorrtl~rz, and I prnr In 
vertically actlacent trap\ baited oltly with their ie\pectlve pheromone\, relatlvc to the 
\ame trap\ in control trees (Fig\. 2, 3). The\e rc\ult\ \uppoit the current applicatioil of 
interruptant\ at the ba\e of a tree in operational tactic\ de\ignetl to prevent ,tttack\ by 
hark heetle5 over the length of a tree bole. Re\carch trial\ to reduce infe\tatioii levels of 
I )  ~?ondr~rorac~ have utilr/ed device\ releasing the antiaggregat~on pherontone, 
verbenone, at height5 of 1.5-2 m above ground o n  bole\ ol lodgepole ,~nd pondero\,t 
pilie (Amrn'in ct (11 1989, Linclgicn ct ol 1989; Bent/ ct (11 1989. Gib\on cJt a1 I99 I ). 
A \imilar approach has been u\ed with interruptant\ to1 Ilrrzchor torzrrs hrr~~rcorur\ 
LeCoiite (Pniiie 'ind Rertiant 1995), Drrrdroe tonrrt /~\c~rrtlot\rrqric Hopkiii\ (KO\\ ct cil 
19C)6), I)rrrrlroctorzrr\ 11ifipr~/7rir\ (Kirby) (Hol\ten and Weiner 1987), 1) fror~rtrlrr (BIII- 
ing\ cJt (11 1995), anci I/)\ pcrr crc orzfrr\rr\ Lanier (Shea and Neu\tein 1995). 

Howcvel, \ L I C ~  titctlcj have not gained wide\preacl xccptancc tlcie to incon\i\tent 
efficacy '14 exempliiied by trials with verbenone on 0 pnrrriero\tic~ (Boi-den 1994; 
Ainman and Lindgien 1995). Verbenone \ignificantly reciuced inte\tation level\ 01 
1) po~~t l 'oo\ tr~  i i i  \omc \tatid\ of lodgepole plne hut not In otlici\ (Lindgren rt rrl 1989, 
Ainiiiaii r t  cil 1991; Gib\oit cJt (11 I991 ; S h o ~ e  rJt (11 1992). N o  \igniticnnt effect oi 
vc~benone o n  population\ of O /)orrdcro\cir wn\ eve1 olxervcd in \talid\ of pondero\'i 
p~lie (Reiit/ ~t (11 1989, Li\ter ct trl 1990; Gib\on or a1 1991) 

The \emiochemi~ul ecology of bdik beetle\ I \  complex, ant1 \ol~lii\ticated p a t -  
management t'~ctic\ that \pcc~fically addie\\ ciitrc'll liictoi\ undeilyiiig the v,lri,ttion in 
beetle behaviour will be needed (Vit6 and Fiancke 1992; Boicien 1995). Cllitiate, stand 
\tructure, and technological Iiinitntion\ affected pa\t tn.tl\ (Shen c f  a1 1992; Bordcn 
1904: Ainiii,tn ,tnd Lindgieii 1995) Veitical \tiatification in the eltect ol inlei-iuptant\ 



may have played n iolc 111 pd5l t11r i I \  w ~ t h  vcibenorte ,I\ well C,ilclie\ of I lotrrlcrlr ,ind 
I ~ ~ r r r ~  in ti:ip\ 'ihove those baitecl with r i ~ t ~ i ~ u p t ~ ~ i i t \  were \~gnrlic,intly htgliet th'in tlio\e 
in tr'ip4 b'irted with inteilupt~int\ (Fig\ 2, '3) The intciruptaiit\ reduceci c,~tche\ but did 
not preclude \tgntli~,int number4 ot I,indrng\ by beetle\ along the bole of tlie tiee Srmi- 
I'rrly. tlie use of rnte~rupt,int\ in ol>er,itron,il t r r , l l \  m,iy li,ive been ncg,itcd by beetle 'it- 
t'icks .ibove the loc,it~on of the rntcti~~pt,ints. 

A t h ~ i ~ ~ i g h  ~ ~ ~ l d ~ i \ t r i i l d ~ ~ l g  of bci~k beetle I > C ~ ~ ~ I V I O L I I \  c i \ \ ~ ~ e ~ L i t e d  w ~ t h  ~i I ~ I I I ~ C  01 
L I I ~ I C ' I I  I r i~ to t5  shoulc1 rcveCil vulnei,iblc lrle history point\ to cxplort in p a t  rn~inage- 
men1 (Hoi tien 1989) Prohahilrty c\tirnatc\ loi tlie v'it ioiis beIi,ivrotir\ ,l\\oc~,itecl w ~ t l i  
sein~ocheiiirc,il cIr\per\ion pattcln\. ~ ~ i r t ~ ~ t ~ l ' i i l y  '$5 they Slt~ctu,ltc over ttme ,inti \pace, 
wrll allow LI\ to refine rntcg~,ited pe\t-m,in,tgenieiit tactic\ I \ \ t ~ c \  \ ~ l c h  ,I\ ielea\e t,ite\ 
froiii \eni~oclicrnic,il d c v ~ c e \  ,ind the d e n \ ~ t y  ol relc'l\e p o ~ n t \  mu\t he con\icieiecl 'ind 
cvc~lu,itcd to .iddre\\ the v'triatron 111 b'ii-k beetle behaviotirs. Addttronal cl,i\se\ of 
seriirocIie~i~rc,tl~ \ ~ ~ c h  ,I\ rionho\t odour\ ,ind pheromone\ l i o t ~ i  competing \pecies may 
y~elcl \ticces\c\ In the Suture by oveicoming the con\traint\ of beetle biology rel,it~vc to 
\p,iti,il p,ir,irncter\ (Roiden 1994) The\e 111,ly ~nclucie cornbrn,itton\ ol 'intiaggieg~itlve 
plictotnone\ with phetomone\ of cornpctirig 5pecies (Rortlcn r t  (11 1992, P'iine 'incl 
Berti'iin 199.5) or the 'lcidit~on of rio~iho\t compound\ \iicIi ,I\ 4-allyl,ini\ole (Haye\ cJt 

(11 1994) ,tiid giecn Icat vo1:itrle~ (Pol'ind ct ti1 1098) 

I thank John H Rortien for  h ~ s  unconci~t~onai \upport ,incl ellu\ive enthuvasln dur- 
I I I ~  the course of thri 2nd nurnezoti\ (>the1 rc4earch eftort4 B Sullivan. GL DeBarr. ‘inti 
I> cie Groot piovrcied v,~lu:ible revlew4 ol the rnitrlrricrrpt I-J Choiig. C Matteau, ,ind 1, 
Wlieeler ,t\\r\teci w ~ t h  technrcal 5upport. 'I'hr\ tc\e;~rch wai  i ~ ~ p p o r t e d  In part by an HR 
MacM~ilaii  Family Furid Fellowihip to  DRM. the Natut-'11 Sclencc\ and Englneer~ng Re- 
iearch C'otrncri of Canncia, i ~ ~ i d  thc ' jc~etice COLIIICII 01 Rr~t i \h  C o i u n i b ~ ~ i .  
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