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Recent rese:~rch suggests that use of nonhost compounds or  interspecific 

synomones may imprcwc thc ;~hility of the nntia_ggreg:~tit,n pheromone \~erlwnone to 

protect v;~lu;~l>le st;~nds of  tirrlher against ;~tt;~c.k by the nlount;~in pine bcctlc. (3IPR).  

Jk~rtdroclorticv 1~0rlric'r.O.vc~c 1 lopki ns. Coupled I S  c~hrorn;itogr:~pliic-- 

clcctro:~rlte~lnogr;~l,hic detcc-tion (GC-EAII) studic~s indic.:~ted th;~t hlf'n rcsp~ncit-d to ;i l l  

six-c;irlx)n green Ic;~f alCc>hols testcad [ I -hex;~nol ,  (El-2-hesen-1-01, (1)-2-hescn-1-01, (E)- 

3-llexcn- 1-01, ; ~ n d  (4 -3 -hexen-  1 -011, ;lnd to four C Y ~ I I ~ ~ O ~ I I ~ ~ S  in the lwrk of the nonhost 

twrnhling ;~spcn,  I'oplr1lr.v tr.ct~lu1oitis.v hlic-hx. In field tmpping studies conducted from 

1002 - 1004 ric;ir Princeton, I 3 . C T . ,  I);~nicronc., p inoc ;~n~onc~ .  hcx;m;rl, (I:J-2-ht.sc~n:1l, : ine l  

tr-cml>ling ;ispen I~olts  elid not disrupt response to ; i t t r ; ~ c . t i \ . ~  A11'13 lures. A comlin;~t ion of 

ipsdicnol, ;In ;tggreg;~tic,n ph~~rc)~nc)nc  for Ips pini (Sily). \{!it h \,er-lwnone I-L duced c.;rtclics of 

fem;~les to  ;I Ic\*el not signific;intly diffcsrrnt (P<0.05) fr-om t11:it to  I,l;~nk control tr ;~ps.  )I 

blend of the green Ic;lf :~lcohols [I-hexnnol, (4-2-llcxc.n-1-01, ( 0 - 2 - h c x c n -  1-01 :inel (Z)--3- 

hexen-1-01] was a very effec-tive disruptant, :tnd thC two  hest rlisruptnnts, (FT)-3-hexcn-l-oI 

and (%)-3-hcxen-1-01, reduced catches of both sexes to  :I level not signific;lntly different 

from that to  a I>l;lnk control trap. Neither of the clcritl pred;ltors c;lpturCd. I-:ttoc~l~~r.r~.s 

.vplle<qc~l/.v (f:.) nor 7'llrlrlrl.sin;rr.v rtrlrir~tltll~v ( S : I ~ ' ) ,  \r.;is rcpc.llcd ly grccn Ic.;lf \~ol;itilcs. 'l'he 

striped ;trnl~rosi;~ beetle, T~.\'l~oric'r~rlr.ot~ lirlc7i~trct?l (Oli\~ier). \il;is signific;lntly ;ittr;~cted to 

M1'13 sc~~~ioc.hc*n~ic~;iI treatments in t\vo espc~ imcnts .  'l'\vo opcr ;~t ion;~l  cspc~rinlcnts tested 

the ;11>ility of  ;~nt i :~ggrc~g;~~l t  tre;~trnents 10 protc>c-t st;lrlding trc~tss fr-0111 :~tt;~c-k \x.hr,n ;~t't'ised in 

;t I 0  x 1 0  m grid s~lrrounding ;I single. ; i t t r ; ~ c t ; ~ ~ l t - l ~ ; ~ i t e ~ l  t~-cc,. In 1OO. l .  cx~rn1~in;itions 01' high 

vcrl~enonc.  mi either low o r  high hes:ln:~l dosets rc.ducx.d thc pclc.c.nt;1gc o f  Iil;i.is ;~tt ;~c.k 

siglliticn~ltly ewer t h ~ t  in control plots. I n  1004, lo\\- or  high \~c~rl~cnc~rlc. clcw~s, tchtcd either 

 lone o r  in c.onll>in;ltion with green IC;lf \.ol;~lilc.s, \~ic*ldc~d n o  signific-;int diffcren~.c~s bctu.cen 

treatnlcrlts I>y any criterion, possibly due t o  high initid pop~l ; i t ion  Ic \~ . ls .  \ i ' I ~ l c  



operational trials wrre unst~cccssful ovcr;ill, the 1cs11lt.s of GC-EAD and trapping xtud~rs 

suggrst that green Ir;lf ;tlcc)hols and trembling aspen voI:~tiles ;Ire promising disruptants 

which mny prove to hc  rffecti\fe in protecting single high-value trees ;IS \\rll ;is c-;irt.f~~lly 

selected stands with low i11iti ; l l  M P I 3  popul;\tion I t . \  els. 
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FIG. 13. I'erccnt;~gc o f  trees rn;~ss ;~ttnckrd in ;in opcr;~ticm;il tree-1~1iting espcrimc-nt 
in 109.7 (Esp.  8) .  1'rc;itmc.nts comp:ire com1~in;itions of low :\nd high t\cs;\n:tl 
with low and high ver.lwllonc. doses in protecting s t ;~nds  fronl attack. Irrsrcv 
;in ;ittr;~ctnnt control. 13;irs associated with the snnw letttar ;Ire riot 
signific;lntly dit'krcnt, Ky;\n-Ilinot-C,;~l\ricl-We1sc.h h4ultiplc Q-test. P< 0.05. - - 
n=5.  Al)l~revi;ttions of stimuli ;IS in 'Tnhlt. 4. ...................................................... >> 



S JGNIFI('AI\I'c.~:, 01: 7.1 11' ~~oLINTAIN PINE I3lll'Tl .I' A N D  I X)I>(;I~P<II -1' PIN I! I ' O K ~ ~ T S  

'The niount;li n pinc I-rcct I t. (hlI'I3). IIc'tlrl~.oc.totl~~~ potlric'~.o.~rlc' I f opkirs. is t lie   no st 

d e ~ t r u ~ t i v e  1x11-k Iwt.tlc in \vestern Sorth Amtaric.;~ (Furniss ;~nd  (';~r-olin 1977). 111 13rntish 

Columhi;i, the M P B  killed ;~ppsoxinl;itely 10.5.7 rnillion pines Iwt\\~ccn 1072 and 10S5. \+.ith 

;in csti11l;itetI econolnic loss, even i1ftc.r s;ilv;~ge h;in~csting, o f  $4.1 - 5.4 tillion (13ordr.11 

1000). I t  coriti nucs to t ~ c  the most rl;~r~inging t'orc'st i n.ic'cbt pest in 13.C. Tlw \~olunw Iost in  

3 1092 &:IS 2.3 ~nilliorl 111- , \vhic-ti is ;~hout ISr; of thc :innu;ll I(xigcpc~le pinc h;tn.cst. ;inil  

nearly 1 1  tillles the ; I I ~ ' ; I  Iost to ti)rc).c;t fires ( \ V o c d  ;ink1 V;ln Sicklc 1093). 

'The rnost common host  of the hlI'I3 is Iodgt.polt. pint,, Pinu.\- c.orltortrl 1l~)ugl;is. 

although p o ~ ~ t l c r ~ ~ ~ ; '  pine, f'. p)tldc7ro.srl IAwsc.rn, : i d  \vc.ster-n \vhitc pine. P. rtlotltic~oli~ 

Ilouglns, ;ire o(te11 ;rtt;lc.ked (S:ifr:rnyik ct ~ 1 .  1974). I.odgcpolc pine is the most :~bu~ld ;~nt  

conifer species in I3,('., ;ic.counting for 25% o f  the ;n~;~il;ihle timl-rcr \,olunie and  3SC'b of thc 

ye;irly h :~~vcs t  (h4illc.r et ; ) I .  1003). I,;~rge, c\,c.n-;~ged stands of mature lodgepole piny 

occur throughout 1 1 1 ~  i~itc~rior o f  H.C., l ; ~ r . ~ ~ l ! :  dut. to tirc. supprc~ssiori efforts cn.c3r thc I;i.\t 

5 0  years (hl;~c~l;iuclll;~n and 13r-c~~ks I'Wl). 

MPI\ infcst;itions disrupt long-term forost rn;~n;ip~rnc'nt (hlncl;~uchl;~n ; ~ n d  I3rooks 

1()()4). Miller cst nl .  (1003) n ~ o i l c l ~ d  the imp;ict o f  MI'I3 in I3.C. if c ~ ~ r r c n t  3 IPR 

programs wcrc di~~clnt inl~c 'd ,  nnd pr-cdictcd dr ;~m;~t ic  volume. I~xscs ,  sllortf:~lls in tinit>t.r 

su~>ply, m:~jc\r losses in industry ;~rld g~~cr r l l i l c '~ l t  1-e\'c11111', ;11id ~ i c ' p t i \ ' ~  imp;~c-ts or1 

cmpl(>yment, c~lvi~-ol~nlcnt:il v;llucs. comnluriity ; ~ n d  soc-i;~l \~ ;~ lucs ,  ;~rld rt.c-rc:ltic,n ; I ~ J  

tourism. 



MPB BIOLOGY AND HOST S E I K T I O N  

Adult MPBs emerge frnrn infested trees in mid- to late July, usually during periods 

of high pressure and g c ~ d  we;~tlier, and begin se;irching for suitahle hosts (Reid 1962; 

R;iffa 1088). Feniales initiate attack, landing on trees primarily in response to visual 

(Shepherd 1065) and olfactory cues (primary attraction) (Moeck nnd Simmons 1991). 

When popi~l;~tions :ire low, heetles tend to select physiologically weakened trees, but 

almost any host tree will he succ.c~ssfully colonized during severe epidemics (Furniss and 

Carolin 1977; Raffa I9SS). 

While boring into suit:~l?le trees, females rrle:ise the ;iggrt~g;itinn plicrnmone 21'~tl.c- 

verbenol (Pitman et al. lOhS), :~ttr;icting mostly ni:~les as \veil :is other females (Bordcn ct 

al. 1987a). Arriving ~nales release exo-hrevicnniin, which 11i;iinly attracts feriialcs (I3ordcn 

et al. 1087;i). Myrcene, a host monoterpene, acts ;is ;I k;~iromnne, greatly enhancing the 

attraction of  1~0th pht3roniones and helping to induce mass-attxk on the tree (Conn et ;\ I .  

1983; IJorden et al. 1983, 1987). 

MPBs vector symbiotic microorganisms acquired from their hrood g;illeries in 

specialized mnxillary niycangia (Whitney and Farris 1 7 0 )  These ~nicroorgmisrns are 

introduced into the new host by colonizing beetles, arid overcome the tree's n:itur;il 

defense systems by rapidly shutting down transloc:itic~n and killing the tree (Raff:~ IOSS). 

As colonization progresses, the amount of t r ~ t ~ ~ - ~ e r l ~ r n o I  dt~clines, \vhile the 

release of an ;intiaggegaticm pheromone, verlwnone, 3,6,6-tr-imet1iyIl~icyc10[3.1 .l]hept-3- 

en-2-one (Kykcr and Yandc~ll 1983; Bordcn et 21. 10S7;1), progessively incrc~;tst~s. 

Verbenone is ;ipparently produced i n  sni;ill qu;intities tlircn~gh ;iutosid;~tion of cl-pincne 

(kiunt et al. 1089), and through metabolism of t rut~s-  and cis-vcrl~enol by microc)rganisms 

In the guts of beetles (llunt and I3ordrn 1980). I t  is prininrily prcduccd. Iio\vr\,er. through 

the conversion o f  trorrs- and cis-verben01 by microcu-g;lnisnis in thr g;lllerics ( I~u f \ , ; n  ct ; I ] .  

1984; IIu n t  and Borden 1990). This occurs late in the coloniz;~tion process, deters 

additic,n:il l~cetles frorii attacking and overcrowding a m:iss-;itt:icked tr-re jI3ordcn c. t : \ I .  



1987a), and causes beetles to 'switch' ;ittack to nearby trees (Geiszler et al. 1980). (-)- 

Verbenone is bic>logically active , while the (+) cnantiorner is not (Ryker and Y;lndell 

1083). 

Mating occurs under the hark. Mated fe~nales bcgin boring vcrtic;~l galleries In the 

phloem, cutting egg niches o n  either side ;~nd  laying an egg in each (Raffa 1988). Ltn1ae 

feed on the pliloen~ tissue, mining horizont;~l g;~ller-ies out\v;trd f ~ o m  the p;~rent;ll gallery its 

they pass through four instnrs. MPBs usu:~lly m,envinter ;IS 1:trv;le (Reid 1962). When 

temperatures increase in the spring, the final instar undergoes ;I nnn-feeding prepupal stage 

and pup;~teq ;ind the ensuing c;tllow adults usu;illy feed for ;~hout  ,I month iwfore 

.- emerging. I here is ut*u;~lly only one genc.l;~tion per yc;lr, 1 ~ 1 t  ;I p:~r-ti;~l secorid ge~lcr;~tion 15 

possible in warm years (Raffa 1OSS). 



semicxhemic;iIs in recent ye;irs h;is greatly incre;ised their success (Bnrden and l,indg,.cn 

1988; Ilall 1989; Borden 1900). 

Many of these tactics, however, involve managing the beetle in a destructi\re 

manner (e.g. sanitation harvesting), o r  are expensive, labour-intensive, and potentially 

i1;1~ardous ( e . g  single-tree disposal, "fell ;ind burn"). Envircmnentally acceptal3le 

strategies, sucli as the use of  repellents o r  antiaggrcgants, :ire needed to protect high vnlue 

commercial tinil,er stands ;is \wll ;IS st;inds in c:impgrounds, parks, and ripari:~n n r e x  

(Amman et ;I]. 19S9, 1091; I/indgrcn ct ;iI. 19SO; Gilxon et al. 1901; Shea ct 31. 19'92; 

A n m a n  1994). While single trces m;iy he protected through the use of  p r e \ ' e n t ; ~ t i \ ~ ~  

insecticides (Gibson ;ind Bennett 1W5;  h4cMullt.n et ; ] I .  19Sh) this is not practiC;l1 for 

large-scale use and may ;iffect nontarget insects or  wildlife, as \veil ;is humans ( A m m m  

1094). 

With ever-increasing puhlic scrutiny of forest m;inagement and the eniph:t<is o n  

integr;iting v;dues sucli ;is tourisni, wildlife and lislwries wit11 timber values, the use of 

tactics such ;tc sanitation lianfesting may he politically unpopul;~r, ineffective, or  c.\.en 

inipossible. T h e  new B.C. Forest Practices Code (Petter 1904) pl;ices strict guidelines o n  

maximum allowable clearcut sizes and the nianagcment of riparian are;is and lea\.e strips. 

This may lead to the buildup of hectle popul;~ticlns in these nrcns, ;is foresters hcconie 

unable to  extract entire infest;itions. Large sc:ilc mort;~lity in infested rip;~ri;in zones and 

leave strips m;iy defeat integr;ited resoul-ce plans, Ic.;~ding to increxed tire danger or  

dr:~'itic cIi;~nges in :ige cl;iss or  species cn~nposit ion.  IJnder these conditions, 

antiaggregants may be one of the few options ;iv;~il:~l~le (or eve11 the only option) for h lPB 

management, and would he n v:ilu;~hlr asset to any integr;ited m:inagement plan. 



ANTIAGGKEGANTS: CURKENT RI:SE\RCII 

Three major groups of compounds have shown anti;~ggreg:itive activity in hark 

beetles: niultifunction;ll phero~~iones ,  intersptx.ific synomones, and antiaggregation 

pheromones (Borden 1995). cxo-l3rcviconiin nnci fiont;\lin art: \loth mult~t'unctic~nal 

plieroniones in the hlPB, enll:lncing the re\pon\e to attr ;lct;int-h:i~tcd traps ;it I O W  rCle:lse 

rates (0.05 m g  per 24 11) but reducing the responw ; ~ t  high (5.0 nig per 24 h) rates ( Ih rdcn  

et d.  1987a). On  txlited trees, ho\i,evcr, c~o-hrc\~ici)min can induct: attack (Borden ct [ I ) .  

1990) even ;it relntivrly high r;ltrs (2.5 mg per 24 h) (Short: et at. 1092), ;ilthc)ugh 

McKnight (1079) found anti:iggrcg:lti\fc. c f f c ~ t s  when c~\o-bre\~icn~ii in \v:ls rrlc:lsed o n  

western white pincs at high r;ltcs. 

Interspccitic synoniories function in rexourc-c p:lr-tition~ng and ~cproductrve 

 sola at ion by c.au\ing rnutu;~l or  unil;~tc~;il repellency (13orden 1905). For cx:iril~~le, 

ipsdienol, an aggregation pheromone for the pine engr;lvcr, I p s  pini (Say) (Tcale et ;I].  

1991), a M P B  competitor, reduces the ;ittraction o f  MPBs to  ;~ttr;tct;lnt-l~aited trnpc (llunt 

and Borden 1988; I3orden et ;\I. 1992). 

Most research with ;tnti:~ggr~g;lnts for tht: MPlJ h;ls focused o n  vcrhenone 

(Lindgren and Borden 1989, 1993; Amrnan 190.1). (-)-Verlwnont: \vas tint shown to h:nre 

antiaggregative properties in the MP13 in I:~l~c~r;ltnry ; ~ n d  ticld 1~io:ways performed hy 

Ryker and Yandell (1983). While results from experinients using multiple funnrl traps 

(Lindgren 1983) have shown encouraging rcpe1lcnc.y (Rorc1c.n et al. 1087a; Schmitz 19SO). 

operational trials have hcen inc4)nsistcnt. Attcnipts to develop verlwnone ;IS n rel~:ddr tool 

for controlling niountnin pine Iwetles h:lve utilized either ;~eri:llly d~sper \ed  \~erIwnone- 

Inlpregnated pellets (Shen ct ; I ] .  1002), or  ImlAde-c;~p rc~lc;lse d c v ~ c e s  ;~ftixed to trees ;i t  1 0  

centres throughout a stand ( A n ~ m n n  e t  :I!. 10S9; 1-indpcn t.1 ;)I. 1089). Whlle 130th 

methods are sometimes effective (Amman et a1. 1OSO; Lindgren r t  al. 10Scl; Amm:~n et ;it .  

1991; Shea et at. 1992), results h;ive l w n  inconsistent fro111 y c x  to  )-e:lr in lodgepole pine 

forests (Gibson et  al. 1991; Slicn et :]I. lOOZ), and none of tlic tri:lls in pnnderos:l pine 



I NTCGRATED STRATEGI 1-s 

A semiocliemicnl-medi;~ted decision "trce" developed by Borden (1995) suggcsts 

four critic:il choices for host-secking heetles. I n  this p;~th\vay, heetlcs must he able to 

reject inappropri;ite host sl,ecics, unsuit;~hle or resist;int hosts, ;~nd  hosts fully colonizrd hy 

-. 
heterospxific or cc>nsl,ccific competitors. I hus, the uItini:~te ;~ntiaggreg;int trr;itmrnt 

would make the host smell "llke a resistant non-host fully colonized by hoth con- 2nd 

heterospecificsw (I<(lrdc.ll 1905). 'This could he even more powt~rful ~f ustid In ;I "pu\h- 

Pull" strategy wit11 ;~ttr;lct;ints (Lindgren and Borden 1003; L3ordt.n 1905). prcltecting 

valuable trees from ;ttt:lck wit11 ;~ntiaggreg;ints ("push") wh~le  ;rttr;~cting lwetles to ne;irhy 

tr;lPs or trees baited with ;~gg~eg:~t ion phrrcmones ("pull"). 

1 
Centre for Pest Mnn;~gcnicnt, 1lep;irtnient of Rio1ogic:il Sciences, 
Simon Fr ;wr  1Jniversity, Rurri;ihy, I3.C., V5A IS0 



Recent research has supported the idea that cn~nbin;itinns of disruptant 

seniiochemicals can be much more effective than a single disruptant (Borden 1993). By 

employing a combination of  ipsdienol, ;in aggregntion pheroninne for thc California 

and Paine (1904:i) were ;hie to  reduce tr;ip c;itcIies of  both species significantly cnrer the 

use of  just one lintiaggregant. Except where the popul;itions n>eIe  very high, B:ikke 

(1987) dram;itic;illy reduced ;itt;ick density of I j ~ s  I ~ ~ O S ~ N I ~ I I I S  Id. by treliting felled 

Norway spnlce logs with pl;~stic flakes impregn;ited \vith verhenone ;ind ipsenol. Ipsencd 

is produced by 1. f ~ y ~ o ~ r c ~ p l l l c s  ninles (Hakke 1081) ;is well as syrnp;itric Ips species 

(Borden 1985), and may reduce intra- and interspe~-itic competiticln. S ln i~ lx ly ,  Bordcn r t  

A. (1992) and Devlin and I30rdcn (1005) found that ;i cnrnhin;itinn of two  repellent 

synoniones, ipsenol froni Ips Infiric~tls ( IxConte) ,  and verhennne from D. potldcro.we 

Hopkins, effectively deterred infestation by pine engmvrrs. Bertram and Painc ( I cN4h)  

were successfi~l in reducing western pine beetle :itt;ick o n  ponderosa pines baited \vith t\vo 

antiaggregants (ipsdienol and cxo-l~revicnmin) and attr:tctnnts, compared to th:rt o n  control 
7 

trees with only attractants. A t t ~ k  densities on trelitrd trees \\'err 3 4  per mu. blow the 

hypothesized threshold for trce nlort:ility (Bi~~tr ; in i  and Paine 1004t~) .  

A s  suggested hy Rorden (lc195), i t  may also he possible to  integrate nonhost and 

'resistant' host kairornones into an antinggregant blend. Although very little is known 

ahout the mech:inisms involvcd in rejecting nonliost tree species in hark heetlcs. the. use of 

olfactory cues would ;illow I,eetles to reject nonhosts quickly. rrducing timc co\ts  ;irid 

mortality risks during dispers;il (Gries et ;iI. 1089; Schrneder 1002). Gries et : ] I .  (1'1SO) 

modelled host finding in I. t~y~ogr .~ lp l l~ , v ,  predicting a 27 &>Id incre;ise in host tinding ;ind 

reproductive success with prininry attraction ;ind upwind flight over t I i ~ t  ;icliieved 1y 

random searching ;ilone. Reducing the number of in;tppropriate hosts saniplrd also 

reduces the risk of being killed hy resin from such liosts (Mocck rt :I!. 1081; W(*d  1'1x2). 



One particularly ubiquitous group of chemicals, the "green leaf volatiles" (GLVs), 

are promising candidates for improved disruptant blends. GLVs are six carbon alu~hols, 

aldehydes, and derivative esters conlmonly found in green plants (Visser et al. 1979; 

Whitman and Eller 1990), and occuring across a wide variety of plant families (Visser et 

a]. 1979). Formed through the oxidative degradation of leaf lipids, these chemicals are 

released continually by the leaves (Visser and Avi: 1978). The function, if any, of these 

compounds in plants is unknown (Whitman and Eller 1990); however, a diverse array of 

insects in several orders are able to perceive these con~pounds and respond to them (Visser 

et al. 1979; Visser 1986). GLVs can function as attractive kairomnnes (Visser et a]. 1979; 

Guerin et a]. 1983; K;lmm and Buttery 1983; Katsoyannos and Guerin 19S4), 

synergistically enhance attraction to sex pheromones (Dickens et al. i390), or act as 

Synornones i n  "tritrophic interactions" in which a herbivore-damaged plant produces large 

quantities of these chemicals, attracting natural enemies of the herbivore (Turlings et al. 

1990; 1993; Whitman and Eller 1990; Ranlachandran and Norris 1991). 

GLVs have also shown disruptive activity. Although a mixture of GLVs appears 

to be the primary source of attraction to host plants for the Colorado potato beetle, none is 

attractive alone or in the wrong ratio, and even a slight increase in the concentration of one 

component can decrease attraction (Visser and Av6 1978). Two compounds, not in this 

attractive blend, were also active in electrnphysiologic:~l tests and disrupted positive 

anemotaxis to potato odour; (Z)-2-hexen-1-01, present in potato foliage, was a weak 

disruptant, whereas a compound absent from potato foliage, (2)-3-hexen-1-01 (Visser et al. 

1979), was a strong disruptant (Visser and Avi: 1978). 

Similarly, Dickens et al. (1992) reported that hexanal and 1-hexand disrupted the 

response of three species of coniferous bark beetles, the southern pine beetle, 

Dendroctonus fronralis Zimmem~an, the eastern fivespined ips, Ips grandicollis 

(Eichhoff), and the small southern pine engraver, Ips avulsus (Eichhoff), to traps baited 

with attractant semiochemicals. Supporting the deterrent effect of nonhost volatiles, 



Schroeder (1992) reported reductions in attraction to ethanol by conifer scolytids, 

Tomicus piniperda (L.) and Hylurgops pallialza (Gyll.), when flight barrier traps were 

cobaited with nonhost aspen or birch bolts. Conversely, the response to ethanol by two 

ambrosia beetles which reproduce in deciduous trees, Trypodetzdron domesticurn (L.) and 

Xyleborus dispar (F.), was interrupted when traps were co-baited with a-pinene, a major 

monoterpene constituent of conifers (Nijholt and Schonherr 1976; Schroeder and 

Lindelow 1989). 

There is also evidence that beetles are able to detect changes in host resistance 

through host kairmones such as estragole (also known as methyl chavicol or 4-allylanisol) 

(Hobson 1995). Stark et al. (1968) reported that a 70% drop in estragole was the largest 

change detected in volatile consitituents of ozone-damaged ponderosa pine which were 

preferentially attacked by western pine beetles and MPRs. Estragole has been found to 

disrupt the response to attractant-baited traps by D. brevicontis, D. ponderosae, I. pin;, 

the red turpentine beetle, D. valens LeConte (Hobson 1995), D. frontalis (Hayes et a!. 

1994), the spruce beetle, D. rufipennis (Kirby), and the eastern larch beetle, D. simplex 

LeConte (Werner 1994). However, Hayes et al. (1994) reported no further reduction in 

trap catch when estragole was added to verbenone over that to verbenone alone. 

OB J E ~ V E S  

The aim of this investigation was to elucidate a blend of disruptants which would 

enhance the activity of verbenone as an operational tool against the MPB. Specific 

objectives were to: 

1. test extracts from trembling aspen, Populus trenluloides Michx., bark and leaves for 

antenna1 activity, as these are the most common deciduous trees in the MPB habitat, 

and may contain specific volatiles which repel MPB; 

2. test the following candidate antiaggegants in the field for their capacity to disrupt 

response to attractant-baited traps: 



a) Lanierone and ipsdienol, aggregation pheromones for I. pini, a competitor of the 

MPB (Teale et al. 1991), 

b) pinocarvone, a compound isolated from the frass of MPB, and found to halve the 

response to an attractive bait (Libbey et al. 1985), and 

c) hexanal, a green leaf volatile (GLV) found to repel three other scolytid species 

(Dickens et al. 1992), as well as other green leaf aldehydes and alcohols; 

3. determine the most active blends or components of candidate mixtures from (2) in 

traps; 

4. determine if the most active antiaggregant blend can also enhance the activity of 

verbenone in traps; 

5 .  test whether aspen volatiles emanating from logs hung on traps disrupt attraction of 

MPBs to attractant-baited traps; and 

6. conduct operational experiments, testing the ability of antiaggregant blends of 

verbenone and candidate disruptants deployed over wide areas to protect stands of 

lodgepole pine from MPB attack. 



MATERIAIS' AND METHODS 

ELECTROPHYSIOLOGICAL STUDIES 

Twenty-one synthetic chemicals, n~ostly green leaf volatiles (Table 1) were selected 

for analysis by coupled gas chron~atogra~hic-electroantennograpl~ic detection (GC-EAD) 

(Am et al. 1975; Gries et al. 1993). Chemicals such as (2)-3-hexenal were not tested, as 

these are extremely unstable and would be impractical to use operationally. Trenlbling 

aspen volatiles were obtained from trees felled in February, 1994 near Princeton, B.C. 

Branches and sterns up to 7.0 cm in diameter were immediately cut into 22 cm lengths and 

placed in an aeration chamber for 5 days. Branches were also cut and placed upright in 

beakers of distilled water at room temperature to induce bud break. dnce leaves had 

emerged, branch tips were cut off, their cut ends immersed in a small beaker of distilled 

water to keep them fresh, and also placed in an aeration chamber for 5 days. Volatiles 

from aerations were captured on Porapak-Q and recovered by extraction with pentane 

(Pierce et al. 1981). 

MPB-infested lodgepole pine bolts were collected in September 1993 and February 

1994 near Princeton, B.C., and waxed on both ends. Logs collected in September were 

allowed to overwinter outside before being placed in cages in the laboratory, whereas logs 

collected in February were caged promptly. Emerged beetles were removed from cages 

daily and used immediately in GC-EAD analysis by R.  ~ r i e s '  in January and April, 1994. 

The apparatus was modified for testing scolytids (G. ~ r i e s ' ,  unpublished) and employed a 

Varian 3400 gas chromatograph equipped with a fused silica column (DB-5, 30 m x 0.32 

mm). Electrodes were placed into the head (indifferent electrode) and antenna1 club 

(recording electrode) of living beetles (both sexes) with the aid of a micro-manipulator. 

Both ~ X O -  and endo-brevicomin (10 ng each) were used a5 control stimuli in all tests 

involving synthetic chemicals. Beetles observed to respond to breviconlin controls were 

then tested with synthetic stimuli. Synthetic chemicals were tested at 20-25 ng, and 



TABLE 1. Chemicals tested in electrophysiological studies. 

Chemical Source a Purity (5%) 

1-propanol Aldrich 99 

1-butanol Anachemia 9 9 

1-pentanol Sigma 9 9 

1-hexanol Sigma 9 8 

(9-2-hexen-1 -01 Aldrich 96 

(E)-2-hexen-1-01 Aldrich 95 

(9-3-hexen-1 -01 Aldrich 9 8 

(E)-3-hexen-1-01 Aldrich 9 8 

1-heptannl Aldrich 9 9 

1-octanol Aldrich 99 

1-nonanol Sigma 98 

I -decanol Sigma 9 S 

hexanal Aldrich 9 8 

(E)-2-hexenal Aldrich 99 

heptanal Aldrich 9 5 

octanal Aldrich 9 9 

nonanal Aldrich 9 5 

decanal Sigma 99 

indole Sigma 99+ 

linalool " Sigma 95-97 

(Z)-3-hexenyl acetate " Sigma 9 8 

a chemical sources: Aldrich Chemical Co., hllilwaukee, WI; Anachenia C h e n ~ i ~ d  
Co., Vancouver, BC; Sigma Chemical Co., St. Louis, MO. 

b Purity as listed by manufacturer; indole received in crystalline form. 

' "Tritrophic compounds", synomones produced by herbivore-damaged plants, 
attracting natural enemies of the herbivore (Turlings et al. 1993). 



volatiles recovered from Porapak-Q were diluted in pentane. Antennally active 

compounds in aspen extracts were identified using coupled GC-mass spectrometry (MS) 

(Hewlett Packard 5985B) in full-scan and selected ion monitoring (SIM) mode. 

Fresh trembling aspen bark was macerated in a blender and the volatile oils 

extracted using a simultaneous steam distillation-continuous extraction still head (Flath and 

Forrey 1977). Volatiles were extracted with pentane, which was removed under a stream 

of nitrogen. Residual solvent was removed by brief vacuum pumping. The final weight of 

volatile oils per gram of bark was multiplied by the ratio of each antennally active 

con~ponent from GC-analysis, giving gram-equivalents of each component per gram of 

bark. 

RELD EXPERIMENTS 

Nine randomized complete block experiments, including seven trapping 

experiments (Exp. 1-7) and two tree-baiting experiments (Exp. 8 and 9) were conducted in 

1992 through 1994 in stands of lodgepole pine, Pirir~s contorla var. latijblia Engelmann, 

near Princeton, British Colun~bia. Experiment numbers, dates, locations, and numbers of 

replicates are listed in Table 2. 

Trapping Experiments 

All trapping experiments utilized 12-unit nlultiple funnel traps (Lindgren 1983), 

hung from ropes or poles. Traps were deployed in lines with 25 in between traps and 

lines. All chemical names, abbreviations, release devices, and release rates are listed in 

Table 3. The green leaf volatiles (GLVs) listed were chosen because they appear often in 

GLV literature, and were cheap and easy to obtain. Release rates of verbenone were 

lower than optinlal to allow the effects of potential adjuvants to be detected. 

Except where otherwise stated, three ccmtrol treatments were used in these 

experiments to assess the effectiveness of candidate disruptants: an attractive control, 



 TABLE^. Numbers, dates, locations, and numbers of replicates for field trapping 

experiments, 1992-1994. 

Exp. No. Dates Location ' Replicates 

1 July 12-July 28, 1992 Whistle Ck. 12 

2 July 21-Aug. 7, 1993 McNulty Ck. 20 

3 Aug. 22-Aug. 31,1993 McNulty Ck. 10 

4 July 11-23, 1994 Willis Ck. 

5 July 23-Aug.1, 1994 Willis Ck. 

6 Aug. 12-16, 1994 

7 Aug. 11-13, 1994 

Willis Ck. 

Willis Ck. 

8 June 28-Aug. 30, 1993 h4cNulty Ck. 5 

9 June 22-Aug. 31, 1994 Willis Ck. 8 

a Whistle Creek, approximately 25 km east of Princeton, B.C.; McNulty Creek, 

approximately 30 km east of Princeton, B.C.; and Willis Creek, approximately 20 lun 

south of Princeton, B.C. 



TABLE 3. Description of semiochemicals employed in seven randomized-block trapping 
experiments (Exp. 1-7) for the mountain pine beetle. 

Release Kate 
Exp. ~ern iochern ica l~  ~ o u r - c e ~  Abbreviation Release Device (mg p e r  24 h) 

3- component MPB Separated devices as below 
mountain pine beetle 

lure 

niyrcene 

~rans-verbenol 

00-brevicomin 

vcrbcnone (low dose) 

verbenone (high dose) 

ipsdienol 

Lanierone 

pinocantone 

hexanal (low dose) 

hexanal (high dose) 

green leaf volatiles, 
mixture of compounds 

used in Exp. 3 

green leaf volatiles, 
5 component blend 

as below 

hexanal 

(E)-2-hexenal 

M 

tv 

eB 

v 

v 

1 

L 

pino 

h 

h 

GLV 

GLV 

1 closed polyethylene bottle 
(15 mL) 

1 bubble cap 

1 flex lure 

1 buldde cap 

2 bubble caps 

1 bubble cap 

1 bubble cap 

5 capillary tubes 

1 capillary tubc 

1 closed polyethylene 
niicroccntrifuge tubc (1 .S rnL) 

1 capillary tube for entire 
nljsture 

separated devices as below 

1 -OH 1 open polyethylene 
nlicroccntrifuge tube (400 pL) 

E-2-OH 1 open polyethylene 

microccntrifuge tube (400 pL) 

Z-3-OH 1 open polyc~hylcne 

n~icrocentrifuge tube (400 pL) 

1 -ALD 1 capillary tube 

E-2-ALD 1 capillary tubc 



TABLE 3. (Continued) 

Release Kate 
Exp. ~ern iochemica l~  sourceb Abbreviation Release Device (mg per  24 h) 

green leaf volatilcs, GLV separated devices as below 
5 component blend 

as below 

hexanal A 

(E)-2-hexenal A 

green leaf alcohols, 
4 component blend as 

below 

(9-2-hexen- 1-01 B 

(9-3-hexen-1-01 B 

green leaf aldehydes, 
2 component blend as 

below 

hexanal A 

1 -OH 1 open polycthylenc 2 . l c  
rnicroccntrifuge tube (400 pL) 

E-2-OH 1 open polyethylene 1 .sc 
microcentrifuge tube (400 pL) 

Z-3-OH 1 open polyethylene 1 .3C 

microcentrifuge tube (400 pL) 

1 -ALD 1 capillary tube 1 .2C 

E-2-ALD 1 capillary tube 1 .jC 

OH separated devices as below 

1-OH 1 bubble cap 

E-2-OH 1 bubble cap 

Z-2-OH 1 bubble cap 

Z-3-OH 1 bubble cap 

ALD separated devices as below 

1 - ALD 1 bubble cap 13 

(E)-2-hexenal B E-2- ALD 1 bubble cap 13 

a Where a 'mixture' is noted, scmiochemicals are released from a single release device; all other 
semioche~nicals and blends are released from separate devices. All grcen leaf volatilcs stabilized with 

1.2% (wet weight) EthanoxB 330 antioxidant, Ethyl Chen~icals Group, Baton Rouge, LA. 

b 
Symbols for sources as follows: P=Phcro Tcch Inc., Dclta, BC; A=Aldrich Chemical Company, 
Milwaukee, WI; S=Signia Che~iiical Company, St. Louis, MO; B=Bedoukian Rcscarch Inc., Danbury, 
CT; SFU=synthesizcd by H.D. Pierce, Jr., Department of Chemistry, Simon Fraser University, Burnaby, 
BC, V5A 1S6. Purities as in Table 1, except for pinocarvone (91R), (E)-2-hexen-1-01 (45%), ( 9 - 2 -  
hexen-1-01 (92%), (Z)-3-bcxen-1-01 (97%), and (E)-2-hexenal (98%). 

Determined in laboratory at 24O C. NI other release rates deterlnined by Phero Tech, Inc. at 22O C. 



consisting of a three-component MPB lure alone, a disruptive control, consisting of a 

MPB lure plus verbenone, and a non-attractive unbaited trap. 

Exp. 1 tested the addition of three candidate antiaggregants, hexanal, ipsdienol or 

Lanierone, to verbenone and a MPB lure, compared to ali three control treatments. Exp. 2 

tested the ability of hexanal, pinocarvone, verbenone, or 3 mixture of green leaf volatiles 

(released together) to disrupt MPB response to MPB lures against all three control 

treatments. Exp. 3 compared the disruptive effect of hexanal alone versus hexanal plus a 

blend of four other green leaf volatiles (released separately) to attractive and non-attractive 

controls. The aim of Exp. 4 and 5 was to discern the most active components of the GLV 

blend. Exp. 4 compared the disruptive effect of green leaf aldehydes, alcohols, or both, 

added to MPB lures, versus the disruptive control or a blank trap. Based on the results of 

this experiment, the green leaf alcohols (the most repellent GLVs), were tested individually 

in Exp. 5. All individual alcohol components were tested in combination with MPB lures 

for disruptive ability versus blank traps; there was no MPB lure control. In Exp. 6, the 

best individual GLVs from Exp. 5 were tested alone with a MPB lure, or together with 

verbenone, to determine if they could enhance the antiaggregant effect of verbenone. 

Exp. 7 tested the effect of trembling aspen bolts hung on traps baited with MPB 

lures versus MPB lures alone, in a design similar to that of Schroeder (1992). A living 

aspen tree with a diameter at breast height (dbh, measured approximately 1.3 nl above the 

ground) of 16 cm was felled approximately 25 km south of Princeton, B.C. early on 

August 11, 1994 and cut into 30 cm long bolts. Bolts were split in half with an axe to 

increase the surface area, then placed in mesh bags which were hung on traps. The 

experiment was run for one day, re-randomized with the same bolts and then run for a 

second day, 

Captured insects were collected within a week and stored in a freezer. MPBs, 

clerids, scolytids, and striped a~nbrosia beetles, T~ypodendron linearum (Olivier), were 

counted. Sex of MPBs and T. lineaturn was determined. 



Tree-Baiting Experimenfs 

Two tree-baiting experiments (Exp. 8 and 9) tested candidate antiaggregants alone 

or in combination with verbenone for the ability to protect standing trees in simulated 

operational applications. Chemicals names, release deviccs, and release rates are given in 

Table 4. Descriptive stand data are tabulated in Table 5. 

Experimental plots (50 x 50 m) (Fig. I), similar to those used by Lindgren et al. 

(1989), were laid out in a randomized, complete block design, with 75-100 111 between 

blocks. A single tree (220 cm dbh) in the centre of each plot was baited with a MPB tree 

bait (Table 4) 2-3 m high on the north side. In antiaggregant treatment plots, the centre 

tree was surrounded by a 10 x 10 m grid of antiaggregants (36 per plot), stapled 2-3 rn 

high on the north side of the nearest vertical object, thus challenging beetles to fly through 

the antiaggregant grid to find and attack the baited tree. Control plots were also 50 x 50 

m but contained only the central baited tree. 

Exp. 8 compared all possible binary combinations of low or high doses of hexanal 

with low or high doses of verbenone (Table 4) for operational protection of trees. Exp. 9 

compared attack in control plots to four antiaggregant treatments: low verbenone, high 

verbenone, low verbenone plus GLVs, and high verbenone plus GLVs (Table 4). 

Assessment of both experiments was done by examining all trees in September 

after beetle flight, using a n~ethodology similar to that used by Lindgren and Bnrden 

(1993) and Lindgren et al. (1989). Numbers of trees attacked the previous year ('red 

attack') were noted, as well as numbers of 'mass-attacked' (231.25 attacks per n?), 

'lightly attacked' (<31.25 attacks per m') and 'unattacked' trees. The mass-attack 

designation is a conservative estimate of the attack density required to cause host mortality 

(Raffa and Berryman 1983). Density of attack on the baited centre tree was assessed by 

counting all attacks in two 20 x 40 cm strips (0.16 mL total area) at eye level on the east 

and west sides of the tree. 



 TABLE^. Description of semiochernicals employed in two randomized complete block 

tree-baiting experiments (Exp. 8 and 9) for the mountain pine beetle. 

Release Rate 
Exp. Semiochemical' Abbreviation Release Device (mg per 24 h) 
8,9 mountain pine beetle Control 

tree bait, 2 component 
blend as below 

trans-verbenol tV I bubble cap 1 .0 

exo-brevicomin eB 1 bubble cap 0.05 

8,9 verbenone (low dose) LV 1 bubble cap 0.6 

8,9 verbenone (high dose) HV 1 bubble cap 10 

8 hexanal (low dose) LH 1 closed polyethylene 7.0 
microcentrifuge tube 

(400 ctL) 

8 hexanal (high dose) HH 1 closed polyethylene 60 
bottle (15 mL) 

9 green leaf volatiles, GLV separate devices as 
alcohol and aldehyde below 

blend as below 

1 -hex and 1 -OH 1 bubble cap 3.8 

(E)-2-hexen-1-01 E-2-014 1 bubble cap 3.8 

(9-2-hexen-1-01 Z-2-OH 1 bubble cap 3.8 

(9-3-hexen-1-01 Z-3-OH 1 bubble cap 3.8 

hexanal 1 -ALD 1 bubble cap 13 

(E)-2-hexenal E-2-ALD 1 bubble cap 13 

a Sources and purities of chemicals as in Table 3. Hexanal and all other green leaf volatiles 
stabilized with 1.2% (wet weight) EthanoxG3 330 antioxidant, Ethyl Chemicals Group, 
Baton Rouge, LA. 

b Determined in laboratory at 24" C. All other release rates determined by Phero Tech, 
Inc. at 22O C. 



T A B E ~ .  Descriptive data provided by Weyerhauser Canada Ltd. for stands used in Exp. 

8 and 9 in 1993 and 1994, respectively. Exp. 8 and 9 encompassed two and 

three stands, respectively. 

Exp. Percent lodgepole pine Stand No. lodgepole Average d bh 

no. infested in previous year area (ha) pines per ha (cm> 

8 0.62% 48.5 709.4 22.8 



FIG. 1. Plot layout for Exp. 8 and 9 showing centre tree with a MPB tree bait, and 

surrounding 10 x 10 m grid of 36 test antiaggregants, stapled to the nearest 

vertical object. Control plots were also 50 x 50 n1 but contained only the central 

baited tree. 



0 0 Antiaggregant 

0 

x 4  Baited Tree 

0 0 0 

0 0 



Data analysis 

To satisfy criteria for normality and homoscedasticity, data on trap catches in Exp. 

1-7 were transformed by loglO(x+l) and percentage data in Exp. 8 and 9 were 

transformed by arcsin& (Zar 1984). ANOVA (GLLI procedure, SAS institute Inc. 

1985), and the Ryan-Einot-Gabriel-Welsch Multiple Q-test ( a  = 0.05) (REGWQ 

procedure, SAS Institute Inc. 1985; Day and Quinn 1989) were used to determine 

differences between means in all experiments. Orthogonal contra5ts (SAS Institute Inc. 

1985) were also used to compare treatment means to the blank trap for low catches of 

clerid predators in Exp. 4. In Exp. 5, nonparametric Mann-Whitney-Wilcoxon tests (Zar 

1984) were used to test the alternative hypothesis that trap catches to two semiochemical 

treatments containing green leaf alcohols were significantly lower than catches in a nearby 

MPB monitoring trap containing attractive lures. 



RESULTS AND DISCUSSION 

ELECTROPHYSIOLOGICAL STUDIES 

Of the synthetic chemicals tested (Table I) ,  analysis by GC-EAD revealed that 

MPB antennae responded to all six-carbon alcohols tested, including 1-hexannl (Fig. 2), 

(E)-2-hexen-1-01, (Z)-2-hexen-1-01, (E)-3-hexen-1-01, and (q-3-hexen-1-01 (Fig. 3). 

Responses were reproduced in at least two tests. Beetles did not respond to any of the 

six-carbon aldehydes or other compounds tested. 

In three tests with volatiles from trembling aspen bark and stems, MPB antennae 

responded to 0.4-7 ng of compounds identified through GC-hlS as 1-hexannl, 

benzaldehyde, benzyl alcohol, and nonanal (Fig. 4). These compounds occur naturally at 

30.3, 1.6, 22.6, and 4.5pg per gram of fresh bark, respectively (based on volatile oil 

recovery from steam distillation of trembling aspen bark of 0.0243% by weight). Volatiles 

from foliage elicited no antenna1 response (R. Gries, pers. comm.). Since MPBs tend to 

fly beneath the tree canopy (Safranyik et al. 1992), it may be that they are more sensitive 

to volatiles in trembling aspen bark than to volatiles in the foliage. 

Curiously, nonanal from trembling aspen bark elicited a response, whereas 

synthetic nonanal did not. This disparity may be due primarily to difficulties in 

manipulating beetles' antennae. hlany insects had to be screened before one would 

respond to exo- and endo-brevicornin control stimuli, and the antennae of these insects 

may have become inactive by the time they were exposed to nonanal, a late-eluting 

chemical. 

All but one of the 6-carbon alcohols tested were incorporated into field 

experiments in 1994. (E)-3-hexen-1-01 was not tested as it is very expensive ($2700 per 

kg), and would thus be impractical for operational use. The results from the :innlysis of 

volatiles from trembling aspen were available too late to incorporate nonanal, 

benzaldeh~de and benzyl alcohol into field experiments. 



FIG. 2. Hame ionization detector (FID) and electroantennographic detector (EAD: beetle 

antenna) responses to nine synthetic test chemicals. Only 1-hexanol (6-OH) 

shows a positive antenna1 response on the EAD. 5-OH=l-pentanol; 6- 

ALD=hexanal; 6-OH=l-hexanol; 7-ALD=heptanal; 7-OH=l-heptanol; 8- 

ALD=octanal; 8-OH=l-octanol; Lin=linalool; 9-ALD=nonanal. 





G 3. Flame ionization detector (FID) and electroantennographic detector (EAD: beetle 

antenna) responses to four synthetic test chemicals. All four chemicals elicted 

positive antenna1 responses. 



FID 

RETENTION TIME (min) 



FIG. 4. Flame ionization detector (FID) and electroantennographic detector (EAD: beetle 

antenna) responses to aspen bark volatiles. Positive responses to 1-30 nanograms 

of 1-hexanol, benzaldehyde, benzyl alcohol and nonanal (FID trace) are labelled 

with arrows on the EAD trace. 





TRAPPING STUDIES 

In Exp. 1, Lanierone and hexanal did not significantly improve disruption of beetles 

of either sex to the MPB lure over that caused by verbenone alone (Fig. 5). When 

ipsdienol and verbenone were present together, catches of females were reduced to a level 

not significantly different from that to blank control traps. This result is consistent with 

the reported repellency of MPB by ipsdienol (Hunt and Borden 1988, Borden et al. 1992). 

Pinocarvone did not interrupt the response to MPB lures in Exp. 2 (Fig. 6), even 

though the release rate, 1.0 mg per 24 h, was twice that found to reduce MPB response 

significantly by Libbey and Ryker (1985). The attractant control used by Libbey and 

Ryker (1985), however, did not contain exo-brevicomin, and may not 'lave attracted 

beetles strongly. 

Hexanal was an ineffective disruptant when tested alone at 1.2 mg per 24 h (Exp. 

2,3; Figs. 6,7), demonstrating that in Exp. 1 (Fig. 5) a weak possible effect was not over- 

ridden by verbenone. These results differ from those of Dickens (1992) who reported that 

hexanal was a more effective disruptant than I-hexanol for three other species of bark 

beetles. In other experiments (results not shown) hexanal released at 7.0 mg per 24 h 

again had no significant disruptive effect. The lack of an antenna1 response to hexanal 

(Fig. 2) is in agreement with its behavioural inactivity. 

In Exp. 2 (Fig. 6) a mixture of GLVs, released from a single device, reduced 

catches of females, but not to the same extent caused by verbenone. Subsequent GC- 

analysis of these baits, however, indicated that the relea5e of alcohols was very low from 

this device. When each component was released from separate devices in the same trap in 

Exp. 3 (Fig. 7) GLVs caused a strongly significant reduction in catches of both sexes, with 

catches of females being not significantly different from those in the blank traps. 



FIG. 5. Response of Dendroctonm ponderosae in Exp. 1 to multiple funnel traps baited 

with MPB lures alone, and in combination with verbenone or three candidate 

antiaggregants. Bars associated with the same letter are not significantly 

different, Ryan-Einot-Gabriel-Welsch Multiple Q-test, P< 0.05, n=12. 

Abbreviations of stimuli as in Table 3. 



Blank 

M P B/v/i 

M PB/v/i/Uh 

M P B/v/h 

Male MPB Female MPB 

125 100  7 5  5 0  25  0  2 5  5 0  75  

NUMBER OF BEETLES CAUGHT (MEAN + SE) 



FIG. 6. Response of Dendroctonus ponderosae in Exp. 2 to multiple funnel traps baited 

with MPB lures alone, and in combination with verbenone, pinocarvone, hexanal, 

or a mixture of green leaf volatiles released from a single device (Table 3). Bars 

associated with the same letter are not significantly different, Ryan-Einot-Gabriel- 

Welsch Multiple Q-test, PC 0.05, n=20. Abbreviations of stimuli as in Table 3. 



Blank 

M P BIv 

MPBIGLV 

MPB 

MPB/h 

MPBIpino 

Male MPB Female MPB 

NUMBER OF BEETLES CAUGHT (MEAN + SE) 



FIG. 7. Response of Dendroctonus ponderosae in Exp. 3 to multiple funnel traps baited 

with MPB lures alone, and in combination with hexanal or hexanal plus four other 

green leaf volatiles released from separate devices (Table 3). Bars associated 

with the same letter are not significantly different, Ryan-Einot-Gabriel-Welsch 

Multiple Q-test, P< 0.05, n=10. Abbreviations of stimuli as in Table 3. 



Blank 

MPBIGLV 

MPBIh 

MPB 

Male MPB Female MPB 

NUMBER OF BEETLES CAUGHT (MEAN + SE) 



Exp. 4 demonstrated that a green leaf alcohol blend comprising l-hexanol, ( 9 - 3 -  

hexen-1-01, (E)-2-hexen-1-01, and (9-2-hexen-1-01 (the latter not tested in Exp. 3), wa(; 

competitive with verbenone as an antiaggregant, whereas the aldehydes, hexanal and (E) . .  

2-hexenal clearly were poor disruptants (Fig. 8). 

(9-3-hexen-1-01 and (E)-2-hexen-1-01 were the two most potent green leaf alcohol 

antiaggregant components of the mixture from Exp. 4 (Exp. 5, Fig. 9). Each of these 

alcohols alone disrupted the response of both sexes of MPB to the same level as a blend of 

all four alcohols, and reduced female catches to levels not significantly different from that 

to a blank trap. The highest catches in Exp. 5 were in response to MPB lures in 

conlbination with 1-hexanol or (9-2-hexen-1-01. Although MPB lure controls were not 

included in Exp. 5, mean catches (? SE) (n=2) in a monitoring trap baited with a MPB lure 

in the same area as Exp. 5 were 64.0 -t 13.0 males and 16.5 +- 2.5 females, respectively 

(Fig. 9). These catches are significantly higher (one-tailed Mann-Whitney tests, P<0.05) 

than male or female catches to either l-hexanol or (9-2-hexen-1-01 treatments, indicating 

that these chemicals also have disruptive properties. 

A combination of (2)-3-hexen-1-01 and (E)-2-hexen-1-01 in Exp. 6 (Fig. 10) 

significantly reduced male and female catches by 94% and 9696, respectively, compared to 

the attractive MPB lure control. This disruptive power was the same as that of verbenone. 

Supporting the disruptive effect of GLVs against the MPB (Figs. 6-9), I have also 

found that a blend of GLVs significantly disrupts the response of T. lirzeaturn to its 

pheromone lineatin (unpublished data). In addition they disrupt the response of D. 

rufipenni.~ to attractive sen~iochemicals (T.M. poland', pers. comm.). 

The reduction in trap catches caused by the GLV blend, ranging from 71% in Exp. 

3 to 96% in Exp. 6, compares very favourably with recent results from other investigators, 

particularly when release rates (Table 3) are considered. When hexanal was released at 

0.25 mg per 24 h from funnel traps also containing attractants, Dickens et al. (1992) 

reported reductions in  mean trap catches for D. fi-ontalis, I. grandicollis, and I. avulsus of 



RG. 8. Respome of Dendroctonw yonderosae in Exp. 4 to multiple funnel traps baited 

with MPB lures in combination with green leaf alcohols, aldehydes, or both 

(Table 3). Bars associated with the same letter are not significantly different, 

Ryan-Einot-Gabriel-Welsch Multiple Q-test, P< 0.05, n=20. Abbreviations of 

stimuli as in Table 3. 



Male MPB Female MPB 

Blank 

MPBIv 

MPBIOH 

MPBIOHIALD 

MPBIALD 

125 100 75 5 0  25 0 25  5 0  75 100 

NUMBER OF BEETLES CAUGHT (MEAN + SE) 



RG. 9. Response of Dendroctonus ponderosae in Exp. 5 to multiple funnel traps baited 

with MPB lures in various combinations with green leaf alcohols. Arrows on x- 

axis indicate mean catches (n=2) in a monitoring trap adjacent to the experiment, 

serving as a partial attractive control. Male and female responses to 1-hexanol 

and (Z)-2-hexen-1-01 are significantly lower than responses to the monitoring trap 

(one-tailed Mann-Whitney-Wilwxon tests, P< 0.05). Bars associated with the 

same letter are not significantly different, Ryan-Einot-Gabriel-Welsch Multiple Q- 

test, P< 0.05, n=16. Abbreviations of stimuli as in Table 3. 



Blank 

MPBJOH 

M PB/Z-3-0 H 

MPBJE-2-OH 
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MPB/I -OH 

Male MPB Female MPB 
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RG. 10. Response of Dendrocfonus ponderosae in Exp. 6 to multiple funnel traps baited 

with MPB lures alone or in combination with two green leaf alcohols, verbenone, 

or both. Bars associated with the same letter are not significantly different, Ryan- 

Einot-Gabriel-Welsch Multiple Q-test, P< 0.05, n=10. Abbreviations of stimuli as 

in Table 3. 



Male MPB Female MPB 

Blank 

NUMBER OF BEETLES CAUGHT (MEAN + SE) 

MPB 

I 



46, 54, and 69%, respectively (calculated from table in Dickens et al. 1992). Hayes et a]. 

(1994) reported that estragole caused significant reductions (about 25-38%, calculated 

from Figs. I & 2 in Hayes et a]. 1994) in response by D. fiontalis to traps also baited with 

attractants. However, the release rates ranged from approx. 160-1237 n ~ g  per 24 h, and 

estragole did not further reduce trap catches when added to verbennne (Hayes et a]. 1994). 

More comparable were Hobson's (1995) release rates with estragole released at about 4.8 

mg per 24 h causing reductions in response to attractant-baited traps by D. brev icon~i~ ,  D. 

ponderosae, and I. pini of 60, 71, and 29%, respectively. 

The antenna1 and behavioural activity of green leaf alcohols found here supports 

the hypothesis of Dickens et al. (1992) that GLVs are used by scolytids in host selection. 

GLVS may also help MPBs to fly above the deciduous understorey (Borden et al. 1986; 

Safranyjk et al. 1992). Borden et al. (1986) reported that MPB tree baits placed on 

lodgepole pines below the level of a dense understorey of Sitka alder, Alnus sinuata 

(Regel) Rydb., were ineffective at inducing mass-attack. 

Aspen Volatiles as Dkr-uptants 

In Exp. 7, aspen bolts did not significantly interrupt the response of MPB to 

attractant baited traps. This result contrasts with that of Schroeder (1992) who showed 

significant reductions in response by T. piniperda and H. palliafus when bolts of aspen, 

Populus tretnula L., or birch, B e t h  pendula Roth, were hung adjacent to traps baited 

with the weakly-attractive host kairomone ethanol. I t  may be that the MPB lures are so 

strong that they overpower any disruptive stin~ulus. 

While steam distillations of quaking aspen bark yielded low amounts of volatile 

oils (=243 pg per gram bark, wet weight), aspen is usually found growing in clonal groups 

which could provide a quite powerful olfactory stimulus. Testing of the four antenally 

active compounds from trembling aspen (Fig. 3) at various release rates may resolve t]le 

question as to whether or not olfactory stimuli are important in recognition of trembling 



aspen as a non-host for the MPB. Visual (Shepherd 1966), tactile (Shepherd 1965) and 

ystatory (Raffa and Berryman 1982) cues may also play a part in host specificity by the 

MPB. 

Associated Insects 

Trypodendron lirzeatuni was significantly attracted in Exp. 1 and 2 to all 

semiochemical treatments when compared to the blank trap (Figs. 11,12). This finding 

adds to the growing body of evidence suggesting that ambrosia beetles use bark beetle 

pheromones in host selection (Benz et a]. 1986; Setter and Borden 1992). Subsequent 

experiments should determine what components of the semiochemical blends are actively 

attracting T. lineaturn. 

Both Enoclerus sphegcus (F.) and T h m i r n u s  undatulus (Say), clerid predators of 

the MPB (Furniss and Carolin 1977,  were captured in Exp. 4 (Fig. 13). E. sphegeus 

responded significantly only to the treatments with MPB lures and GLV alcohols in the 

traps, whereas all seniochemical treatments caught significantly more T. undatulus than 

blank traps (orthogonal contrasts, P=0.004). Thirty-one T. undatulus were also captured 

in ~ x p .  5,  too few to reveal a difference between treatments. These results suggest that 

neither E. sphegeus nor T. undatulus are disrupted by GLVs, and that E. sphegeus may 

even be sligtltly attracted by six-carbon alcohols. Similarly, Hayes et al. (1994) reported 

no reduction of the response of Thanasimus dubius (F.), a predator of the southern pine 

beetle, to the attractant pheromone of D. frontalis in the presence of the disruptant 

estragole. I n  contrast, Schroeder (1992) found that predatory beetles, Rhizoplraglls 

&pressu.y (F.), were interrupted in their response to ethanol by nonhost volntiles. While T. 

undatu1u.s appeared to be unaffected by GLVs in Exp. 4, I found its response to be 

interrupted by the presence of GLVs in traps baited with lineatin (unpublished results), an 

aggregation semiochemical for T. lineatwn. Both of these discrepancies may be a result of 



FIG. 11. Response of Trypodendron lineaturn in Exp. 1 to multiple funnel traps baited with 

MPB lures alone, and in combination with verbenone or three candidate 

antiaggregants. Bars associated with the same letter are not significantly 

different, Ryan-Einnt-Gabriel-Welsch Multiple Q-test, P< 0.05, n=12. 

Abbreviations of stimuli as  in Table 3. 
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MPB/v 
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I 
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FIG. 12. Response of Trypode~rdron lirreatum in Exp. 2 to multiple funnel traps baited with 

MPB lures alone, and in combination with verbenone, pinocarvone, hexanal, or a 

mixture of green leaf volatiles released from a single device (Table 3). Bars 

associated with the same letter are not significantly different, Ryan-Einot-Gabriel- 

Welsch Multiple Q-test, P< 0.05, n=20. Abbreviations of stimuli as in Table 3. 



Blank 

MPB/GLV 

MPB/v 

MPB 

MPB/h 

MPB/pino 

Male T. lineatum Female T. lineatum 

150 100 50 0 50 100 150 
NUMBER OF BEETLES CAUGHT (MEAN + SE) 



FIG. 13. Response of 20 Enocler-us sphegeus and 90 Thunasimus undatulus in E x p .  4 to 

multiple funnel traps baited with MPB lures in combination with verbenone, or 

green leaf alcohols, aldehydes, or both. Bars cassociated with the same letter are 

not significantly different, Ryan-Einot-Gabriel-Welsch Multiple Q-test, P< 0.05, 

n=10. Orthogonal contrasts on T. undatulus catches indicated that all 

semiochemical treatments caught significantly more beetles than the blank. 

Abbreviations of stimuli as in Table 3. 



MPB/v 

Blank 

MPB/ALD 

MPB/OH/ALD 

MPB/OH 

E. sphegeus T. undatulus 

3 2 1 0 1 2 3 4 

NUMBER OF BEETLES CAUGHT (MEAN + SE) 



a stronger attraction of predatory beetles to the MPB attractant than to either ethanol or 

lineatin. 

The response of both species of predators to semiochemicals associated with the 

MPB is consistent with the accepted hypothesis that such semiochemicals are used as host- 

finding kaironiones by entomophagous insects (Borden 1982). E. sphegcus was 

previously shown to respond to exo-brevicomin (Dorden et al. 1987b), a major component 

of MPB lures. T. unrialdus h<as been recorded to date responding only to the aggregation 

pheromone frontalin (Borden 1982). 

TREE BAITING 

In 1993 (Exp. 8), attack density on centre trees baited with the MPB tree b?' , ~t was 

not significantly different among treatments, although both treatments containing the high- 

verbenone dose prevented attack completely on centre trees in three blocks (Table 6). An 

analysis of percent mass attack (Fig. 14) indicated significantly lower attack for both high- 

verbenone treatments when compared to control blocks, with a possible reduced incidence 

of mass attack with hexanal released at 60 nig per 24 h. This apparent reduction in mass 

attack with hexanal is puzzling in the light of the inactivity of hexanal in trapping studies. 

In Exp. 9 in  1994 there were no significant differences by any criterion. Possible 

reasons for the failure of Exp. 9 may be: 1) high population pressure from the 6.25% of 

trees attacked in 1993 (Table 5) that could have ovenvhelrned the treatments in 1994; and 

2) inadequate release rates of GLVs to enhance the activity of verbenone released at a low 

rate, particularly if green leaf alcohols oxidized to aldehydes (Visser and Av6 1978). 



 TABLE^. Summary of attack on centre trees baited with MPB attractants in Exp. 8. 

Treatments compare combinations of low and high hexanal with low and high 

verbenone in protecting stands from attack. Attack densities are not 

significantly different, ANOVA, P> 0.05, n=S. Abbreviations of stimuli as in 

Table 4. 

Attack density per rn2 

Number of baited centre on baited, attacked trees 

Treatment trees NOT attacked (mean + SE) 

Control 0 73.8 + 10.9 



RG. 14. Percentage of trees mass attacked in an operational tree-baiting experiment in 

1993 (Exp. 8). Treatments compare combinations of low and high hexanal with 

low and high verbenone doses in protecting stands from attack, versus an 

attractant control. Bars associated with the same letter are not significantly 

different, Ryan-Einot-Gabriel-Welsch Multiple Q-test, PC 0.05, n=5. 

Abbreviations of stimuli as in Table 4. 
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Of the candidate antiaggregants tested in trapping experiments, ipsdienol and the 

green leaf alcohols were the most promising. Ipsdienol is expensive and may not be 

operationally viable except for protection of single, high-value trees. Green leaf alcohols 

are very effective disruptants in funnel-traps, and have the advantage of being cheap and 

easy to obtain, but more work is needed to bring these chemicals to an operational level 

for use against the MPB. 

While the large-scale, operational experiments were not successful, the use of 

green leaf alcohols and verbenone may still prove to be effective i n  protecting single, high- 

value trees, as well as carefully selected stands. These tactics would be most effective in 

stands which, unlike my experimental stands, have little or no pre-existing attack. Due to 

the aggressive nature of the MPR, i t  may be necessary to integrate verbenone and GLVs 

with other tactics such as "push-pull" (Lindgren and Borden 1993) or competitive 

displacement (Borden 1992). The discovery of four antcnnally active chemicals in aspen 

bark volatiles (one of which, 1-hexanol, is a GLV) also holds promise for the elucidation 

of blends of non-host volatiles that may further enhance the disruptant effect of known 

antiaggregants. 
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