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The ability of several compounds to enhance the aüraction of spruce beetles to the 

agp&oa pbetomone h t a l i n  was tested in British Columbia in randornid cornplete block 

expcrimenîs usin. multiple-fiinnel traps or baited trees. Frontalin was only moderately attractive 

alone in traps in northcentral B.C. MCOL (lniethyl-2cyclohexm-1-01) of any enantiomeric 

composition significantiy enhanced the aüraction of boîh sexes to traps baited with fiontalin. The 

lack of an enantiospeciîk preférence for MCOL supports the hypothesis of pheromone-based 

spruce beetIe "ecotypes", aligns W e s  in northcentral B.C. with those in southwestern B.C. and 

northem Alberta, and indicaies thaî they are distinct h m  populations in southem B.C. and Alaska. 

MCOL was proportionally more attractive than fiontalin to males early in the season, indicating 

thai its function may be biased towards that of a sex pheromone, whde the fiindon of fiontalin 

may be biased towards aggregaîion. Neither MCOL nor seudenol(3-methyl-2cyclohexen-1~1) 

enhaaced the efncacy of frontalin as a tree bait in northem B.C., and fiontalin was highly & i v e  

as a tree bait alone, wiîhout the host kairomone a-pinene. Coupled gas chromatographie- 

e~ectroantennographic analysis of the fias volatiles fiom fernale spruce beetles revealed two 

pdentid new pheromones: eîhyi crotonate and 3,3- MCH (3-methyl-3cyclohexen-1-one). 

Trapping Gxperiments in southcentral B.C. tested these two compounds, as weii as the 

hypothesized pheromone 3,3-MCH-ol, for abiiity to enhance captures of spruce beetles in frontalin 

baited tmps. &th ethyl crotonate and 3,3-MCH-01 caused a signincant enhancement in one of two 

experimena, suggesting that they are new pheromones for the spruce M e .  in baited tree 

experiments in southcentral B.C. neither ethyl crotonate, 3,3-MCHd, nor MCOL caused a 

signiiicant increased in attack densiîy over that induced by fiontalin, but a blend of aii three test 

cornpounds together did so, providing sotne support for the pheromone hypothesis. My results 

suggest that MCOL, ethyi crotonate or 3,3-MCH-ol couId be used to enhance the efficacy of 

monitoring traps for the spruce bette. However, the power of fiontalin alone at a release rate as 

Iow as 0.1 mg per 24 4 indicaies that there is no compebg argument for changing the currently- 

used operatiod tree b i ts ,  other than to lower the dose of frontaiin and eliminate a-pinene. 
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Cher the pst decade semiochemical-based techmlogy bas made a substantial contribution 

to the fieid of integratcd ptst mmgemnt. Technologid advances in the ideatifïcaîion and 

controuexi reIeasc of syuthetic compourids, have led researchers into deep exploration of the camplex 

chemicai ianguage t&t insects use (Borden 1995). As the understanding of this language continues 

to increase, so does the ability to manipuIate the behavior of insect populations in the field 

Many species of bark M e s  use complex blends of phemmons and kairomons in 

chemicaüy ntediated communication (Borden 1985, Byers 1989). Within a blend, structural and 

optical isomers of various components may be required to eiicit optimal behavioral responses, and 

impart species specificity in the chernid message. For example, optimal respo~l~e of the western 

balsam bark M e ,  Dryocoetes confurus Swaine* occurs with a 9: 1 ratio of a- and endo- 

brevicomin, while the sympatic species, D. aflber, requires a 1:2 b l e d  Viiaily no cross 

attraction occurs between the two blends (Camacho et al. 1993, 1994). 

In recent years semiochemical-bas& management tactics have gaine. substantiai crediiility 

in attunpts to manage bark beetle populations in North America (Shea 1995). Basic biological 

resesircb and the dernands of industry have resulted in the development of a "high-techn 

semiochemical industry (Banfield 199 1). Attractive baits are comrnercially available for most of the 

major destructive bark beetie species on this continent (Phero Tech 1996). However, the quest 

continues for a complete understanding of theù semiochemical language (Borden 1995). A prime 

target in this quest in British Columbia (B.C.) is the spruce beetle, Dendroctomcs rufipennis Kirby* 

the most destructive insect pest of westeni spruce hrests (Furniss and Caroiin 1977). It and other 

bark b d e s  are such a problem to the forest industry, that mandatory monitoring and control efirts 

are aow Iegislated in the Forest Practices Code (FPC) of B.C. (Anonymous 1994). 

Exploring the intncacies of semiochemical-bas4 communication is a compelling topic fôr 

research, but the impetus fbr the commercial development of semiochemicals has came h m  

industrial dcmands to keep operationai pest management costs low (Kydonieus and Berozoa 1982). 

Semiochemical synthesis, howewer, is often difncult and expensive, due to complex molecular 

structures. Additional production costs &se h m  the need fix very high quaiity in both the 

chanicai and optical punty ofsyathetic compunds. Formulations use. to attain controlled release 



of difikrent semiochemicais can aiso afféct production eosts, as they must be compatible with the 

structure of the molecules beiig released. F i y ,  the species-specific nature of insect pheromones 

pmludes Iôrge saies volumes with attendant economies of scale in production and marketing. 

ThettfOre the potential profits fiom any one product are limited (Putland 1994), making cornmerciai 

development a challenge. 

The demand to keep costs low results in two aIternative stmkgies for semiochemical 

research and synthesis: 1) pursue new, cheap, easiiy-finnulateci compounds thai are efficacious in 

manipdating target insed populations; or 2) produce highiy specific, potentially srpensive 

wmpounds with optimai bioactivity. in either case the goal is to iacrease the operationai efncacy 

and cost efijciency of semiochemical treatments. These two goals are not aIways compatible, as the 

optimal b led  of compounds for bioactivity may be tcm expensive (Camacho 1994), or may simply 

be w e œ s s a ~ ~  operationally. This thesis wiii address the issues of enhanced bioactivity and cost 

efficiency, with the goal of optiminng the commercial pheromone Iure for the spruce b d  beetle. 

SPRUCE BEETLE BIOLOGY, IMPACT AND MANAGEMENT 

The spmce beetle atîacks all species of spruce in North America. Pioneering females fly 

and initiate attack on suitable host material fiom early May through June, with peak night occurring 

in June or July. Spruce b d e s  can disperse over large distances, with fiights exceeding 11 km on 

fiight mills (Chansler 1960). Attacking fémales bore a gallery in the phloem tissue of a selected 

ho* and edt  a blend of semiochemicals (Gries et al. 1988). Both males and &males are attracted, 

resulting in a coordinated mass aîtack, the inoculation of pathogmic symbiotic fungi 

(Leptraphium and Ophiostoma spp.) in the phloem and xylem tissue (Perry 199 1, Reynolds 

1992) and subsequent death of the tree. 

Larvae féed in the phloem tissue, often forrning a common feeding h n t .  Developmental 

rate is temperature dependent (Sahota and 'ïhompson 1979), and the accumulation of temperature 

through the season determines the proportion of the population maturing in one year. Dyer and 

Taylor (1 97 l), found that 22% of the beetle population emerging h m  windfâlls within the forest 

were in a one year cycle, compared to 65% in Iogguig residue expsed to the sun. Pupation is 



induced in the third instar when temperature accumulation drops below 9 daydegrees (per day) 

a b m  the devclopmcntal threshold of 6.1' C @yer and Haif 1977). 

Most beetles in B.C. ovenivinter as third instars, pupate and mature the next summer, ad 

overwinîcr a s e c d  t h e  as adults. B d e s  in a one year cycle must amplete devclopment ta 

adulthood by fàü of h e u  nrJt season. AU M a  must overwintcr as adults b&rt they can 

reproduce (Humpbreys and Saîranyik 1993). Dependent upon the population, varying proportions 

of mature brood Wes emerge and drop to the base of standhg trees in the Mi, bunow into the 

due or bore inta the lower bole and root collar of the tree to overwinter (Knight 1961, Safr;inyik 

1988). A d e r  proportim of the population emerges to overwinter h m  downed tirnber 

(McCambridge and Knight 1972). 

In B.C. large, overmaîure white spruce, Piceu glauca Maench Voss, Engelmana spmce, 

Picea engelmmi Parry, and their hybrids, Picea g h ç a  x engelmanni Parry ex Engeh, are 

prefèrred hosts (Safianyik 1988). Cool, wet, shady areas are the beetles' preferred habitat. At 

suboutbreak population levels windîhrow pfotected fiorn the sun by an intact canopy is the primary 

source of breeding material, but trees stressed by fire, flooding, disease, physicai damage, and 

desicdon are aiso aüacked. At high population levels the beetles aüack and kill healthy standing 

trees. 

White and Engelmann spruce tend to grow dong stream banks and lake shores, or on rocky 

hilis and slopes in areas of high precipitation (Elias 1987). in northern B.C. spmce p w s  best in 

devil's club, Oplopanm: horridrrs (J.E. Smith) Mig., site associations (Watts 1983), cbaracterized 

by relaîïvely deep, moisi, rich soils, with constant water movement, typically found in riparian 

zones, dong streams in gullies and ravines, or a .  the botîom of long steep slopes. Annual snow 

packs tend to be deep and persistent in such sites. In the early spring, canopy temperatures can 

easily mach 16-20 O C  in these sites, causing the trees to break d o m c y  and begin both respiration 

and transpiration. 

At this tirne mils are oflen still frozen or waterlogged with iasufficient oxygen to drive 

oxidative maabolism. in these conditions trees will switch to finnentaîive metaboiisrn uaiz and 

Zeiger 199 l), producing ethanol as a result. Ethaml may be a primary attractant for pioneering 

tèmaîe spruce beetla, as it indicates hosts that are unable to defénd themselves against bga I  



inoculation through induced resinosis. Thus even though devii's club sites are exceiieat fbr the 

grawth of ywag spnice, they bcar the highest incidence of and mortality h m  spnrce bede adivity 

(SaEranyik 1985). In Alaska a similar situation occurs on north-facing slopes where soils remain 

h z n  w d l  into spring (Hard er al. 1983, Holsten 1984). The preservatim of wide riparian zones 

required by B.C.'s new FPC (Anonymous 1994), is of major concern to forest managers, as they 

h a h r  large volumes of timber highly susceptible to spruce beetle attack. 

The massive rnortirlity of mature spmce caused by spruce beetle outbreaks ofken results in 

an overaii reduction in basai area and a shift to dominance of a site by subalpine fir, Abies 

~ o c a r p  Hodc Nu&, commonly called balsam (Veblen et al. 1991). Most of the killed spruce 

remain standiag, wiîh a f&il rate of 1.5% per year. Increased üght passing b u g h  the canopy of 

dead trees induces a release in growth rates of previously suppressed understorey trees. Since 

balsam tends to predominate the understorey in mixed spnice baIsam stands, it grows to fom the 

next hrest canopy. Eventually rnortality caused by the western balsam bark W e  as weU as heart 

and butt rots, will create gaps in the balsam canopy. Tbese gaps allow spmce to grow into the sub- 

canopy, where they grow Eister than balsam, resulting in an eventuaI shift back to spruce 

dominance. The dominant spmce tend to be well spaced, or in clusters away from the previous 

cornpetition of balsams. 

Tn northern B.C. the old-growth sub-boreal montane spmce forests, and riparian zones in 

particular, are important as wildlife habitat (Bunnell and Kremsater 1991), partiutlady for grizzly 

bear, Ursus arcros horribiili Ord, fllrbearers and large ungulates (Coupe er al. 1989). Moose, 

Alces alces (Chton). and mountain caribou, Rangiyer tara& Seton, concentrate in spruce- 

domioated riparian areas in winter (M. Wood, pers comm.). Old-growth spruce are of particular 

importance to caribou, providing a base for slow growing arboreal lichen that act as oveNvintering 

forage* 

Paîches of spmœ mortality due to spruce beetle activity are benencial for caribou, because 

there is a short but significant lichen blmm in respanse to increased Iight. In addition insectivomus 

bird and mammal species will forage on beetle larvae in attacked m. The resuitiag snags are of 

primaq importance to at least 23 species of primary and secan- cavity nesters in B.C. 

(Machmer and Steeger 1993). Thus for wildlife managers, retaining spruce in riparian areas is of 

prknary importance. However, if beetle populations empt out of riparian zones into surroundhg 



managai stands, vuildiif% 9nd forest management immediately corne into adict. This is 

partiailady ûue in norfhcm BK. where the forest economy wül depend on the harvesting of old- 

growth forests for many ytars, and much of the timber is susceptible to the spnice M e .  For 

example in the Mackenzie T i b e r  Supply Area (T.S.A.) approximately 85% ofthe 122,620,000 m3 

of spmce is > 140 years old, and acc0~11ts fOr 36% of the mature timtier (Anonymous 1995). 

Spruce beetie outbreaks in B.C. have charactenstically occurred fiilowiag w i d e s p d  

wiadthrow (Safiaayik 1985). This avaüability of excessive amounts of breeding material must 

minci& with fàvorable climate, and possibly other fadors. When outbreaks do occur they appear 

to start simultaneously in many isoW epicenters, which intensify, spread and converge over large 

anas of forest. With the onset ofunfavorabie cltnatic conditions, the population begins to crash, 

fia%maiting and eventually decliniag back into a small isolated pockets. 

At the Regiod level outbreak populations tend to persist for 5-10 years, killing thousands 

of hedares of mature spruce tiniber. L a d y ,  outbreaks tend ta explode and crash oves periods of 

approximately four y- (Safmnyik 1988). Close examination of an outbreak thai killed 

12,572,000 m3 of mature sprue in the Prince George Forest Region (Hmphreys 1993) in the 

years 1962- 1965, me& some noteworthy observations regardhg beeîie management. In 196 1 

severai d, smttered populations of spruce beetie were noted but ignored. In 1962 a general 

increase in inféstation was recorded in nùie areas dong îhe Fraser and Crooked Rivers, but sül 

without concem. The increase in M o n  h m  1961 to 1962 was attributai to fm damage, 

Iogging slash and heavy wirtdfidl in 1960-6 1. in 1963 aerial surveys revealed tbat over 182,000 ha 

of white spzuce wne aüaciced with an eslimatal10,137,000 m3 of white spmce >35 un diameter at 

breast height (dbh = 1.3 m) killed in this year alone. In 1964 and 1965 the idested area declined to 

103,700 and 19,320 ha respectively. In 1966 no new aîtack was observed 

The above scenario highbghts the dramatic outbreak potential of spruce b d e  populations, 

and also the dficulty in accurately assessing trends in current hhtations. Since the fôliage on 

aüacked spmœ is o h  slow to change color (pers. obs.), aerial surveys may hil to disclose the 

extent of an infestation. During a 1993 aend survey, L.E. Maclauchlan and P. Byme (pers. 

cornrn.) noted only 27% of the beetle incidence rnapped d u ~ g  previous ground probes. 



Thus, arry method tbat can be used to keep beetle populations at suboutbreak levek wouId 

be of grcat use to forest managers. Hazard ratùig to idenw the most susceptible stands so they 

cm be given pnority fbr Iogging is now tecosnmendcd in B.C. (Anonymous 1996). There is 

amsiderable promise in using semidmnicai baits applicd at 50 m centers to contain and 

concentrate suboutbreak spmce M e  populations prior to 1-g (Shore et al. 1990). However, 

baiting bas mt been widely adoptcd. The currentiy arailable commercial product comprises d y  

two components, îhe &male produced pheromone fiontalin (Gries et aL 1988), and the host trae 

kairomone a-pinene (Dyer and Chapman 197 1, Borden 1995). These components are released at 

2.5 and 1.7 mg per 244 respectively (Phero Tech Inc., Delia, B.C.) 

The overaii objective of this rescarch was to assess the potential for irnprovhg the &cacy 

of semiochemical baits for the spruce M e  by testing icnom and potentidy new campounds h r  

their ability to enbance the attractiveness of fiontalin, 1,5-dimethyl4,8-dioxabicyclo(3.2. l m ,  

in trap or tree baits. 

Frontalin, has long been known for it's abiiity b attract spmce beetles to traps (Kline er al. 

1974, Fumiss et al. 1976), and induce spruce beetles to aüack baited trees (Dyer 1973, 1975; 

Werner 1993). However, the optimal release rates of frontalin that are necessary to trap spmce 

beetles or induce attack on trees are unknown. My first specific objective was to assess the e f M  

on trap catches of varying the release rate of frontah alone in baited multiple-funnel traps 

(Lindgren 1983). 

MCOL, l-methyl-2~clohexen-i-ol, is a relatively recently discovered pheromone for the 

spruce beetie (Wieser et al. 1991). nere is considerable geographic variation in it's enantiomeric 

specificity (Borden et al- 1996), but in northem B.C. it has not been tested. The second specific 

objective of this work was to assas the effect on trap catches of adding optically pure eaantiomers 

of MCOL, or differeat ratios of enantiomers, to fiuntalin in northern B.C. 

My third specific objective was to assess the interaction between MCOL and it's structurai 

isomer seudenol, 3niethyl-2-cyclohexen-l+1, in attmcting spruce M e s  to multiple-bel traps, 

and inducing attack on baited trees. Seudenot is a major pherornone component fbr the Douglas-fir 



bcalc, L?endroctonu.rpseClCjotsugae, (Rudinsky er al. 1974, Ross and Daîennan 1995), and has 

sbown activity fbr the spmœ beetle @3miss et al. I976).h the presence of a trace of weak acid or 

I#at (+) - MCOL will isomerize to (-) - seudenoi, while (-) - MCOL will isomerize to (+) - seudenol 

(J.P. Lafontaine, pers. comm.). The reaction ceaches a dynamic equilibriurn at approximaîely 

30:70, MC0L:seudenol. MCOL baits that had >97% pure MCOL prior to 1993 field tests 

containcd 144% seudenol after two months in the field (Sater, unpubLished data). Spma bcctles 

produce both MCOL and seudenol in an approximately e q d  ratio (Borden et al. 1996). However, 

in field use seudeool increased trap catches of spnice M e s  ~~ 1976), but had no efliect on 

baited trees Oyer and Lawko 1978, Werner and Holsten 1984). 

My fourth specinc objective was to employ coupled gas chromatographie- 

electroantenaograpbic (0) analysis (Gries 1995) to d e t e d e  whether there were any 

potential new semiochemicals for the spmœ beetle, and if so, to test the hypothesis that a blend of 

hntalin with any or all of the new compounds wouId be more aaractive than fiontalin alone in 

baps or on trees. 

METHODS AND MATERIALS 

EFFICACY OF KNOWN COMPOUNDS 

Chemicai source, purity, release devices and release rates for ail chernicals tested in this 

thesis are given in Table 1. 

Exp. 1 and 2, Frontalin Dose 

Two 10-replicate, randomized complcte bIock expeNnents (Exp.) were wnducted in the 

Donna and Carmelia Creek drainages, on the west side of Wiston Lake at approximately 55' N 

Iatitude and 124' W longitude. Forests in this area are at the northem reaches of the Engelmann 

Spnice Subaipine Fis Biogeoclimatic zone (ESSF)( Coupe et al. 199 1). Exp. 1 ran from 11 May to 

1 1 June and Exp. 2 ran h m  1 1 June to 1 1 July, 1992. Twelve-unit multiple-fiuinel traps (Lindgren 



1983) werc placcd at least 15-20 m apart in a Linc dong the forest margin in clearcut areas, or almg 

rights-of-=y. TrcannCaîs comprisecl one unbaiid ~ ~ ~ t r o l  trap, and five baited traps each with a 

Table 1. Description of sourcc, purity, rcltasc system and rclease rate for chernicals used in trapping 

and trœ-baiting expcrùneats fbr the spruce beetle. 

Rtle 

Opticai and w- rate 

Chcmid Sourceo chunical purity no. Relcase deviceb (me, 

(*) - h t a l i n  P > 97% chem. PVC flex lure, 0.8 cm long 0.06 

PVC fisc Iure, 1.0 cm long 

PVC fiex Iure, 7.5 cm long 

PVC flex lure, 15.0 cm long 

polyethylene Eppendorf 

tube, 250 pl 

2 pdyethylene Eppendorf 

tubes, 250 pi  

bubble cap, low release rate 

bubble cap, hi& release rate 

polyethylene bag 

polyethylene bag 

bubble cap, low release 

bubble cap, high release 

(-) - MCOL P >99% S (-) 3,4 bubble cap, high reIease 1.5 

> 96% chem. 

MCOL (+):(-) P as above 3,4 bubble cap, high release 1.5 

(*) - snidenol P > 98% chm. 6 bubble cap, low release 0.5 

P 5-8 bubble cap, high release 1.5 



Table 1 contd 

Optical and b 
C h d d  Source' chernical purity no. Rdease dwiceb 

ethylcrotonate A > 96% chem., 12J3 polyurethane flex lure, 3.0 cm 0.0: 

mosdy 0 12J3 polyurethane flex lue, 12.0 cm 0.5 

12-15 polyethylene Eppendorf 2.5 

tube, 250 pi 

hexanal A 9 1,0.19r capihytube 0.5 

A 9 3,0.75r capilIary tubes 5.0 

3,3-MCH4 S > 97 % chem. 1 1 1,13-15 Polyethylene bag 0.M 

S 1 1 1,13-15 Polyethylene bag 0.0- 

S 9 2,0.75r capillary tubes 0.5 

S 11 1,13-15 bubble cap, Iow release 0.5 

S 9 polyethylene bag 5.0 

3,3-MCHone S 80% chem 9 2,0.19r capiliary tubes 0.04 

S 16%seudenone 9 1,0.75r q i l I a r y  tube 0.5 

a-pinene P 9 polyethylene centerfbge 1.7 

tube, 400 pi 

'Symbols fbr sources as follows: P=Phero Tech Inc. Delta, B.C.; A=Aldrich Chernical Co., 

Milwaukee, W. S=Simon Fraser University, Department of Chemistry. 

b w  a d  high release rate bubble caps have nylon and polyethylene backing, respectively. 3,3 - 
MCH-01 and 3J-MCH-one were synthesized by Dr. S. Jayaramen, in Dr. A.C. Wschiager's lab 

(S). Ms. L. G o d e z  (S) formulateci compounds fbr release fiom polyethylene bags. 

'Release rates deterrnined at ambient lab temperature (P and S). 



dispenser releasing (*) - fiontalin at 0.06,0.6, 1.2,2.5, and 5.0 mg per 24 h (Phem Tech Inc., 

Delta, B.C.). Baits used in Exp. 2 were recovered h m  Exp. 1 and re-randomized within each 

block. Captured beeties were identified to species, sexed, and counted in the field or stored fiozen 

fbr later assessment. 

Erp. 3 and 4, MCOL Enantiospecificity 

Exp. 3 and 4 were waducted with the same trap deployment, on the same dates and in the 

vicinity of Exp. 1 and 2, respectively. Both experiments had 10 replicabs and were laid out in a 

randomizcd amplete block design, with Exp. 4 re-using b a h  recovered h m  Exp. 3. In each 

replicate tbere was one unbaited control trap, and six traps each releasing (*) - hntalin at 1.2 mg 

per 24 b. This release rate is approxunately half that of commercial bai& and was chosen to allow 

any enhancement e f k t  of MCOL to be reveaIed (Borden et al. 1996). Five of the hntalin-baited 

traps in each replicate had (*) - MCOL, (+) - or (-) - MCOL, or 75:25 or 25:75 enantiomeric bleads 

added to the hait. Captured beetles were handfed as for Exp. 1 and 2. 

Erp. 5-8, MCOL - Seudenol Interaction 

Experimental sites were located in the Philips Forest Are- of Fletcher Challenge Canada's 

Mackenzie Woodlands Division (approximately 53 S0 N latitude, and 124O W longitude). Three 10- 

replicate trapping experiments, with trap type, deplopent and processing of collecteci beetles as 

above, were conducted between 6 June and 30 August, 1993. In Exp. 5 treafments were an 

unbaited contml tnp and four baited traps each releasing (*) - fiontalin at 1.2 mg per 24 h. Three 

of the frontalin-baited traps in each replicate were dso baited with (f) - MCOL, (&) - seudenol, or 

both released together. Exp. 6 tested the effect of combining fiontalin with (*) - MCOL and (&) - 
seudenol at high or low release rates (1.5 and 0.5 mg per 24 h respectively), in four treatments: both 

at hi& mtes, both at low rates, or with each combination of high and low rates. Exp. 7 tested the 

aüractiveness of (*) - MCOL and (*) - seudenol released alone or together (each at 1.5 mg per 24 h) 

in the absence of fiontalin, compareci to an unbaited control trap. 

A 20-replicate randomized complete block tree-baiting expriment (Exp. 8) was set up 

during the week of 10 - 17 May, 1993, in standing timber adjacent to Exp. 5-7. The same bait 



treaûrmts as in Exp. 5 were use4 but with the baits stapled to mature, dominant sprue trees at 

lcast 50 m apaR, 10 replicsdes cach in cutting pennits (CP) 188-266 and 189-267 (Fldcbtr 

Challemge Canada, W c  Woodlands). Baits were placed at maximum reach fiom the ground 

on the north side of the m. Control trees were left unbaiteci. n i e  mean diameter at breast height 

(dbh = diam. a! 1.3 m) SE of the selected trees was 62.5 * 7.6 cm. 

Tree bait efficacy was measured by two fâctors: 1) aaack density (entrance holes per m2 of 

surface ma); and 2) aîtack intensity (spillover to trees wiulin 10 m radius). Baited and control 

trees were assessed on 27 - 28 July 1993, by wunting ail spmœ beetle entrance holes in a 1.0 rn 

wide s e p  around the entire bole of the tree between 0.5 and 1.5 m above the root d a r .  Spillover 

ôEtack on neighboring trees was assessed by classing all susceptible spnice trees (>20 cm dbh) 

within a 10 m radius of the baited tree as: 1) no attack; 2) low attack (c 20 entrance holes on 

Me); or 3) mass attack ( > 20 entrance holes on Me). 

POTENTIAL EFFiCACY OF NEW COMPOUNDS 

CoUection of Volatile. and GC-EAD Analysis 

Spnice beetles were obtained from field-infested Engelmann spruce coliected near 

Goldbndge, B.C. Ali beetles were allowed to emerge in screen cages at approxirnateiy 24OC. 

Maies and fémales were beld separately at m m  temperature betweai layers of moist tissue paper in 

gfass jars for up to 5 days. Female beetles were then introduced into Engelmann spmce bits h m  a 

windthrown tree collected h m  near Goldbridge, B.C. Holes 0.5 cm in diameter were bored in the 

bark to entice fernales to bore. After gallery initiation a gel cap was placed over the entrance of the 

gallery to collect frass produceci by the boring female. 

Frass was collecteci and placed into a glas tube for airation. A stream of air was drawn 

over the h s s  and the volatiles were collecteci on Porapak Q traps. Trapped volatiles were desohai 

with double distilled pentane, wncentrated to 5.0 ml with a nitrogen airstream, and analyzed by 

wupled gas chromatographicelectroante~ographic detection (GC-EAD) analysis (Am et al. 1975) 

adapted for intact bark beetles (Gries 1995). Al1 GC-EAD analyses were done by R Gries, 

Chernical Ecology Research Group, S.F.U. GC employed a Hewlett Packard 5840 A instrument 

equipped with a DB5 coated-fked silica wlumn (30 m x 0.32 mm ID; J & W Scientific, Folson, 



CA). A n t d  responses were arnplified util'king a custom-built amplifier with a passive low p a s  

fiiter and a cutoff fiequency of 10 kHz. Compound identities were confimeci by comparison of 

their mass spectra and retention tunes with those ofauthentic samples. 

Exp. 9-15, Evduation of Antennally-Active Compounds 

Five compounds antenoally active in GC-EAD analysis were tested for their ability to a1t.r 

the response of spmce beetles when thqr were added to spnice beetle baits cornpnsing fiontalin and 

a-pinene (ïablc 1) in Exp.9. This experiment was conducted near Coalmont, B.C., betwea 22 

July and 7 August, 1993, with trap type, deployment and pnicessing of coUected beetles as above. 

Treatments included an unbaited controt trap, spnice beetle baits (hntalin and a-pinene released 

together), and spruce beetle baits in combination with each of the fouowing: 1) ethyl crotonate, [(w- 
2-butaioic acid ethyi ester], at 0.5 and 5.0 mg per 24 h; 2) 3,3-MCH-o1[3-methyI-3qclohexen-1- 

011, at 0.5 and 5.0 mg per 24 h; 3) 3,3-MCHae [3-methyl-3-cyclohexen-1-one] at 0.04 and 0.5 

mg per 24 h; 4) hexanal at 0.45 and 4.8 mg per 24 h; and 5) seuâenone [3-methyl-2cyclohexai-1- 

one] at 0.5 and 5.0 mg per 24 h (Table 1). 

(+) - MCOL, and two cornpounds identifid as possible new pheromoaes in Exp. 9 were 

tested in 1994 for their ability to enhance reçponse ta fiontalin in traps in the Granite Creek area 

near Princeton, B.C. Randornized complete block experhents were set up, with trap type, 

dqloyment and processing of cuiiected beetles as above. Treatments were fiontalin aloae released 

at 0.1 mg per 24 4 and in combination with. (+) - MCOL at 0.005,0.05 and 0.5 mg per 24 h (Exp. 

10); 3,3-MCH-1 at 0.005,0.05 and 0.5 mg per 24 h @xp. 11); ethyl crotonate at 0.05, 0.5 and 5.0 

mg per 24 h (Exp. 12); and al1 three compounds together at the above release rates, respectively 

(Exp. 13). Five replicates were nin in each of three time penods: 1 O May - 21 June, 21 June - 2 

July, and 2 July - 22 July, 1994. 

Ten-replicate randomized complete block tree baiting experitnents were set up 10 - 17 May, 

1994 in the Municipal creek area NE of Penticton B.C., approximately 50' N latitude and 119' W 

longitude, (Exp. 14), and on 2 - 7 April, 1994, in CF 403-2333, in Fletcher Chaileage Canada's 

Cleanivater Creek area, NW of Mackenzie, B.C., appmximateIy 56" N latitude and 123" W 

longitude (Exp. 15). Baits were placed as in Exp. 8. Treatments were fiontalin alone released at 

0.1 mg pcr 24 h, fiontalin with MCOL at 1.5 mg per 24 h, frontalin with (f) - 3,3-MCH-ol at 1.5 



. mg per 24 h, frontalin with &y1 crotonatt at 2.5 mg per 24 h, and fiontalin with ail thme together 

at tbe above release rates, rapectively. (+) - MCOL was wed in Exp. 14 and (k) - MCOL in Exp. 

15, in accordance with the regional difIerences in bioactivity (Borden et al. 1996; Exp. 3,4). The 

mean dbh * SE of stlected trees was 56 -97 cm. 

STATISTICAL ANALYSIS 

Data h m  aU experiments (except Exp. 9)  were tmnshrmed wing logi* (x + OS), to adjust 

for non-normal distribution and hetecoscedasticity (Zar 1984), and analyzed by 2-way ANOVA 

(replicate and treatment) and the Boaferroni t-test (SAS Institute hc. 1990). Data fiom Exp. 9 

were transformeci by loglo(x+l), analyzed by 2-way ANûVA (replicate aad ûwbnent) and the 

Ryans Q test @ay and Quinn 1984). in Exp. 14 severe woodpecker activity precluded observation 

of beetie entrance holes in the bark of some baited tmx whicb were deleted fkom the andysis. Ail 

means and standard errors reportai are for the raw data. In aü cases a = 0.05. 

RESULTS AND DISCUSSION 

EFFICACY OF KNOWN COMPOUNDS 

No significant difIerences were noted in Exp. 1 in the catches of male or fernale spruce 

beetles to increasing doses of fiontalin h m  1 1 May to 1 1 June (Table 2). However, h m  1 1 June 

ta 1 1 July traps in Exp. 2 with the highest release rate of 5.0 mg per 24 h, caught signiticantiy more 

fémales than unbaited control traps (Tabfe 2), white catches of fimales at ail other doses were 

intemediate between those at the highest dose and that to the unbaited control. Males were 

unresponsive to frontalin at any dose in either experiment. niese resulîs c o h m  those of Dyer 

(1971), Kline et al. (1974) and Holsten (1984)- who dso found that in traps frontalin was 

moderately attractive alone to spmce beetles. Unlike the results of the above investigators, in my 

experiments males were unresponsive. 

My findùigs indicate a temporal nature in the response to fiontalin, and suggest that early- 

flying host-sceking beetles may be more responsive to host compounds thar are relatively more 



Table 2. Rcspoose of spnia Mes in Exp. 1 (1 1 May - 11 lune, 1992) and Exp. 2 (1 1 Junc - 11 

July, 1992) to m u l t i p l e - k l  traps baited with firontah r e l d  at five dincnnt nlease rata. 

Bladnnattr hrest ana, Fietcher Challenge Caaada, Mackenzie Woodlands Division. 

Rdeiwc 

=P. rate No. No. beetles c a t l t u d  @* S.E. lm 

no. Tnrtment (mgI24h) replicates fernales maIes 

'Means within a column and -riment fôllowed by the same letter are not significitotiy 

di£terent, Bonferroni t-tests, P < 0.05. 



abundant tban pheromones in the early part of the season. The results of Exp. 2 suggest that 

£raatalin may be used by nsponding M e s  as an aggregation pheromone, and that a sex 

phcromont bction may be scrved by some other compound. Altcmatively, although frontalin 

dom can induœ attack on baited trees @yer and Chapman 1971), a synergistic blend of frontaiin 

with a host kairomoae iike a-pinene @yer and Chapman 1971) or with another pheromoae rnay be 

ncctssary in traps to induœ a high level of response. 

In Exp. 3 early in the flight season, the response of males was signScantly increased when 

MCOL of any enantiomeric composition was added ta frontalin, while only (5) - MCOL enhanceri 

th amaction of femaies (Fig. 1). in Exp. 4 later in the flight season, the mponses by both sexes 

were greatiy whanced by MCOL of any enantiomenc composition, up to 4.5 times for fèmaies a d  

7.4 tima fôr d e s  (Fig. 2). The latent t h e  effect evident for frontalin (Table 2) was also evident 

fOr female spruce beetles respondïng to MCOL (Figs. 1,2), supporting the hypothesis that eady- 

season fémales are more responsive to host kairomones than to pheromones. 

The greater response by males than fèrnaies early in the season (Fig. 1) is consistent with 

the hypothesis that MCOL lünctions more as a fémale-produced (Borden et aL 1996) sex 

pheromone than as an aggregation pheromone, although it serves the latter findion as well. 

Because MCOL is unnttrÀct;ve alone (Wieser et al, 199 l), and the 1.2 mg per 24 h reIease rate 

chosen for frontalin was below the threshold for independent attraction (Table 2), the high responses 

when fiontaiin and MCOL were tested together, particularly in Exp. 4 (Fig. 2), can defïnitely be 

considerd to be synergidc. 

Although fémales responded significantly oniy to (*) - MCOL in Exp. 3 (Fig. l), no 

preférence for any enantiomeric composition occurred in Exp. 4 (Fig. 2). in southcentrd B.C., 

spruce beetles responded positively oniy to (+) - MCOL and were repelled by the antipode (Borden 

et al. 1996). in Alaska they responded preferentially to (+) - MCOL and less so to (*) - MCOL, 

and in southeastem B.C. and northern Alberta they responded with no enantiomeric preference. The 

lack of any such preference in Exp. 3 and 4 (Figs. 1,2) places the population in northcenûai B.C. 

as closely aligned with those in the latter two locations. If MCOL is to be used operationaüy in 

northcentral B.C., and probably further north as weU, (*) - MCOL which is relatively inexpensive, 

wouId be the preferred material. Because of the pronounced geographic différence in 

responsiveness based on the chirality of MCOL (Borden et al. 1996), it would be wise to estabiish 



Figure 1 Response of spnice beetles in Exp. 3 to m u l t i p l e ~ e l  traps baited with fnnitaiin 

rcleasd at 1.2 mg per 24 h alone and in combination with MCOL of enantiomeric 

composition released a .  1.5 mg per 24 h. Blackwater forest area, Fletcher 

Chaiicnge Canada, Mackenzie Woodlands Division, 1 1 May - 1 1 June, 1992. Bars 

fur ocb scx with the same letter are not signincaatiy différait, Banférmni t-tats, 

P < 0.05. 
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Figure 2 Rcspanse of spmce batles in Exp. 4 to multiple-fÙnncl traps baitd wiîh hntalin 

rclcased at 1.2 mg per 24 h doue and in combination with MCOL ofvariable 

tllil~ltiomaic composition released at 1.5 mg per 24 h. Blackwater forest area, Fletcher 

Challmgc Canada, Mackenzie Woodlands Division, 1 1 June - 1 1 Juiy, 1992. Bars for 

each suc with the same lctter are aot signincâptly dinereat, Boilférroni t-tests, P < 0.05. 
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the ranges of other pheromone-based ''ecotypes" ptior to widespread operational use of this 

pheromone. 

In Exp. 5-7 there were no more than two beetles caught in the baited traps fbr any colicction 

period, precluding any opportunity to assess the interaction behNeen MCOL and seudaiol by 

trapping experiments. The fact that neither seudenoI nor MCOL were attractive alone or in 

combinaîion in traps supports previous findïngs (Wieser et al. 1991). The positive responses ta 

baited trees in Exp.8 (Tble 3) indicated that there were beetles in the interior of the stands that the 

traps surrounded, and suggested that local beetle populations were well contained by the baited 

trees. Very little spillover attack occurred on spruce trees sunounding the baited bees in all 

reported experiments, precluding any analysis of a spillover effèct. lïk inadvertent dernoastration 

of the power of tree baiting to contain and concentrate populations of s p ~ c e  bee-tles, ad& support 

to the already demonstrated efficacy of this tactic (Shore et al. 1990). 

Ail baited trees in both blocks of Exp. 8 were attacked at stdstically e q d  levels by spruce 

beetles (Table 3), indicating that fiontalin released at 1.2 mg per 24 4 approximately halfthe 

current operational rate (Phero Tech Inc.), is sufficient to induce attack and may be all that is 

necessary for efncacious beetle management. Simüarly Borden et al. (1992) found that myrcene 

was unnecessary dong wiîh tram-verbenol and exo-brevicomin to induce attack by the mountain 

pine beetle, Dendroctonu. ponderosae Hopkins, and recomrnended its deletion h m  operationai 

baits. 

This result difFers h m  those in southcentral B. C. and Alaska where MCOL added to 

frontalin caused higher nurnbers of trees to be attacked (Borden et al. 1996). and is in agreement 

with Dyer and Lawko's (1978) conclusion that seudenol had Little effect on the attack of baited 

trees. It is probable that as a supplement to fiontaiin, MCOL wili be effective ody whea 

populations are low or highly dispersed. KMCOL is used, my results indicate that its naturai 

isomerism to seudenol should not affect its performance, 

POTENTlAL EFFlCACY OF NEW COMPOUNDS 

GC-EAD analysis of captured volatiles h m  female synice beetles reveaied the presence of 

seven antennally-active wmpounds (Fig. 3). Four were previously lcnown. Frontalin and a-pinene 

20 



Tibk 3. hnparative a#ack dcnsities in Exp. 8 on living spma baited with tirontalin rcltascd 

aloue at 1.2 mg per 24 h and in combination with (f) - MCOL released at 1.5 mg per 24 4 (st) - 
saideno1 released at 1.5 mg per 24 4 or both. South Philips forest area, Cutting Permits 188-266 

and 189-267, Fldcber Challenge Canada, Mackenzie Woodlands Division. May - July, 1993. 

No. Ani& dmiity per m2 

replicates @* S.E.)' 

(*)-seuhl 

'Means fOllowed by the same letter are not signincantly diffère115 Bonfémni t-test, 

P < 0.05. 



Figure 3 Flame ionistion deteeta; (FID) and e l e c t m m ~ h i c  detector (FID: spnice 

Wt antarna) rcsponses to poropak Q extract of fiass volatiies f h n  fémaIe 

spnice M e s  boring in spruce billets. Chromabgmphy: spü  injection; DB5 

column; 50°C &Id 1 min), 4OC per min to 120°C, 20°C per min to 240°C. 



EAD 

EAD 

RETENTlON TiME (min) 



are a synergistic aggregation pheromone and host kairomone, respectively m e r  and Cbapman 

197 1). SeudenoI is hown to be produceci by fémaie spmce beetles (Mté et al. 1972). Its 

pheromonal activity is questionable for the spruce beetle (R.udinsky et al. 1974 ) w l e  3), but it is 

a proven aggregaîion pheromone for the Douglas-fk beetle (Ross and Daterman 1995, Mori et al. 

1987). A h m  antiaggregant for the spruce beetie, 3-methyl-2-cyclohexen-2-ne (3,2-MCH or 

seudeaone) (Kline et al. 1974) was shown by Rudinsky et al. (1974 ) to be produced by the spmce 

beetle. Three potential new pheromones were hexanal, 3-methyl-3-cyclohexen-l+ne (3,3 MCH), a 

hown antiqgregant for tbe Dougias-fir beetle (Rudinsky and Ryker 1979), and ethyl crotonate- 

Because spntce beetles produce seudenol (Vité et al. 1972), the alwhol that corresponds to the 

ketone 3,2-MCH, it was hypothesized that spmce M e s  may alsa produce the correspondùig 

alcohol fbr 3,3-MCH Therefore, 3.3-MCH-01 was tested for bioadivity in addition to the other 

new antennally active compounds. 

Two of the new candidate pheromones showed potential in Exp. 9 as new atûactive 

pheromones (Table 4). At a release rate of 0.5 mg per 24 h (but not at 5.0 mg per 24 h), 3-3-MCH- 

01 significsultIy enband the response to baiteci traps over that to fiontaiin with a-pinene (Table 4). 

Ethyl crotooate at 5.0 mg per 24 h (but not at 0.5 mg per 24 h) raised the number of beeties 

captureci to a level statisticaliy intemediate between that to fiontah with a-pinene alone and with 

3,3-MCHsl added (Table 4). 

Hexanal is a green leaf volatile that is repellent to the southem pine beetie, Dendroctomcs 

3ontalis Zimmerman (Dickens et al. 1992) and is inactive against the mountain pine beetle, D. 

ponderosae Hopkins OrJison et al. 1996). It fàiled to cause a sigdcant change in the respoose by 

spruce beetles to hntalin with a-pinene. Reanalysis of the GC-EAD traces, coupled with analysis 

of authentic hexanaf, indicated that hexanal was in fact incarrectly chosen for inclusion in thk 

experiment due to a misalignrnent of peaks in the GC-EAD traces (Fig 3); the antenual response 

assigneci to hexanal was in fàct to an unknown compound eluting just before hexanal. The lowest 

numbers of beetles capturai were in mps releasing 3,2-MCH at 5.0 mg per 24 h, apparently in 

agreement with the results of Furniss et al. (1974), and Kline et al. (1974) that this wmpound is an 

antiaggqpnt for the spruce beetle. 

Li Exp. 10-13 only ethyl crotonate significantly increased attraction of maies and fèmaies to 

traps when added at increasing doses to fiontalin (Fig. 4), indicating positively that it is a 



Tabk 4. Rcspse of spnice bcetles in Exp. 9 to multiple h l  traps baited with frontah and 

a-pinene alme or with five autauinlly active compounds, each released at low and high reIease 

rates. Slate Cnek, near Coalmont, B.C. 22 Iuly - 7 Augusî, 1993, N = 10 replicates. 

Release 

rate No. beeties captured 

Trcrtment (mgl24 b) S.E. )' 

+ 3,2 - MCH 0.5 1.3 * 0.6bc 
5.0 0.2 * 0.2bc 

'Means foüowed by the same letter are not siflcantly dinerenf RyansQ test, 

P < 0.05. Results pooled by sas as catches were low and both sexes responded 



Reqxmsc of spmœ b d c s  to multipk-fiinne1 traps baited with frontalin released 

al- at 0.1 mg ptr 24 h aud in combination with (t) - MCOL (Exp. IO), (*) -3.3- 

MCH-ol (Exp. 1 L), dtryI cmtma& (Exp. 12), or alt 3 together (Exp. 13) rcleased 

at3incrcasingrates. GraniteCreekfOmtareaW~Canada,PrinceCon 

Woodlaads Divisim. Five mplicatts e2ilch frwn 10 May- 21 June, 21 lune -2  

July, 2 July 22 JuIy, 1994. Bars within an cxperiment for each sex with the 

same leaet are not signifidy différmt, Bonférroni t-tests, P < 0.05. 



TREATMENT, DOSE (rng(24h) 
& NUMBER OF REPUCATES NUMBER OF BEEnES CAUGHT (x + SE) 



semiochtmical fbr the spnice beetie. ïhere is no previous record of behavioral activity of ethyl 

crotonate fbr any bark bede (Borden 1985, 1995). In contrast the responses when 3-3-MCHol 

was added to fiontalin failed to confirm the bioactivity indicated in Exp. 9 (Table 4). However, 

tbere was a strmg suggestion of a response by d e s  at a release rate of O S  mg per 24 h. A similar 

incnased response to the low dose of 3,3-MCH-01 was observexi in Exp. 9, but trap catches wcre 

pooled by sex due to Iow numbers and even ratios of beetles. At an optimal dose, 3,3-MCHol may 

hction in a simiiar marner as MCOL, attracting proportionally more male than fernale spmce 

beetles. 

(+) - MCOL also Med to increase the response signiscantiy in sautficentrai B.C., a result 

in contrast to that achieved in the same geographic tegion by Borden et 01. (1996). However, there 

was a strong increase in trap catch as the release rate of (+) - MCOL was increased, suggc-sting a 

dose dependent response. In Exp. 10 and 13 the release rate of (+) - MCOL was less than half that 

used by Borden et al. (1 996), and one third of the dose used in Exp. 3,4, 14, and 15. When all 

three compounds were released together with frontalin the increase in trap catch was again not 

s ipif iant  for either males or fernales (Fig. 4). 

On baited trees in Exp. 14 the temary blend of (+) - MCOL, 3,3-MCHol and ethyl 

crobnare added to kntalin was the ody m e n t  that r a i d  the attack density to a level 

significantly greater than that induced by katalin alone (Fig. 5)- Quite possibly the 2.5 mg per 24 

h release rate of ethyl crotonate in this experïment was too low to induce any effect oves that 

induced by frontalin alone. Because none of the binary blends was tested it is impossible to 

determine whether the same &ect would have been achieved with one of the three mmponents 

deleted. However, 3-3-MCH-01 was not attractive at release rates > 0.5 mg pex 24 h (Exp. 9, 12). 

In Exp. 14 it was released at a rate of 1.5 mg per 24 h, which may bave negated its attraction. 

Exp. 15 in northem B.C. revealed no di&rences between treatments, possibly because the 

aîtack induced by fiontalin was so great (Fig. 5). However, 3,3-MCH+l induced a strong but not 

significant increase in beetle attock density on baited trees (Fig. 5). Heavy woodpecker activity in 

this experimait made it impossible to determine the aibck density on many trees, resulting in a loss 

of statistical power due to unequal ce11 sires. The increased mponse is possibly noteworthy, as no 

otber mpounds added to fiontalin have produced such an Uicrease to baited trees in this region. 

The filcase rate of 1.5 mg pet 24 h was greater than the maximum rate hund to be attractive in 



Figure S Comparative attack demitics in Exp. 14 and 15 on living spnice trees baited with 

fioatalin released alone at 0.1 mg per 24 h and in combination with (+) - (Exp. 14) 

or (*) - MCOL (Exp. 15), 3.3 - MCHol, or eîhyl crotoaate releascd at 0.05, O S ,  

and 2.5 mg per 24 respectivcly, or with ail threc together at the above respective 

release rates. Exp. 14 in the Municipal Creek drainage east of Peuticton, B.C. 

Wcycrtiaaiscr Canada, Okanagan Falls Woodlands Division, May - September, 

1994. Exp. 15 in the Clearwater C d  dmiaagc, Fletcher Challenge Canada, 

Mackenzie W d a n d s  Division, May - September, 1994. Bars within an 

experiment with the same letter are not sign.%cantly différenf Bonfémni t-tests, 

P < 0.05. 





Exp. 9 and 11. My results indicate that as noted for MCOL, 3,3-MCHill could shuw regional 

variation in its &on to spmce beetle populations. Dose response and enantiomeric ratio 

cxperiments may thus be warranted. 

If nothiag else, my thesis demonstrata that the spmœ beetie is a very difEicult subject for 

resecrrch. Its prevalence is so uncertain and its responses to treatments in experk& so vanable 

îhat severai experiments produced no useable results. Others produced results that were not in 

agreement with previous research. Nonetheless, there are several significant results and conclusioas 

îhat have ernerged from my work. These are as foliows. 

1) MCOL is shown for the first tirne to be an aggqation pheromone fbr the spmce M e  in 

northern B.C. 

2) Because spmce beetles in northem B.C. are sirnilar to populations in southeastern B.C. and 

northem Alberta in their lack of enantiospecificity to MCOL, they probably belong to the sanie 

phemmonsbased ecotype as those in the above two populations; in tum the mrthern B.C. 

popufation is apparently distinct fiom more enantiospecinc *'ecotypes"in Aiaska and southcentrai 

B.C. 

3) Because MCOL is proportionately more attractive to maIe spruce beetles ihan fkontalin, its d e  

may be biased toward a sex pheromone function, while the role of frontalin may be biased toward 

an aggregation ïuncîion. 

4) There is an apparent increase in the sensitivity of spmce bedes to pheromones as the fiight 

seasan progresses, possibly indicating that host-seeking emergents are more responsive to host 

kairomones than late-flying beetles. 

5) Seudenol added to fiontalin has no apparent effect on the a%gregaîion by spnice beetles on 

semiochemical-baited trees. It should not be wnsidered firther for operational use against the 

spruce beetle. 



6) Frontalin alone at a release rate at least haif that in the currently used operational baits is 

sufficiemt to induce a high level of attack on pheromone-baited trees. It should therefore be possible 

to cwvert many operational applications to a less expensive, single-component fiontalin bait. 

7) Eîhyl crotonatc and 3,3 MCH-oI are potential new aggregation semiochemicals for the spmcc 

M e ,  but th& bioactivity requires fUrther exploration. 

Despite th- interesting results, there is none that leads to a compelliag argument fôr 

immediately changing the current operationai tree bah,  other than to delete a-pinene. A finai set of 

experiments to compare the efficacy of the present commercial spruce beetle bait with fiontalin 

released alone at rates of 0.1,0.6, 1.2, and 2.5 mg per 24 4 would determine the optimal dose of 

hntatin and the need for a-pinene. 

The possibility that MCOL, eîhyl crotonate, or 3,3-MCH-ol di enhance attack when used 

alone or in binary combinaîion with fiontalin against low or highly dispersed spruce beetle 

populations merits firther research. Because of its demonstrateci bioactivity in one of two trapping 

experiments, its availability and its very Iow wst, ethyl crotonate should have a high priority for 

fiirther investigation as a supplement for fiontalin in operational tree baits. 

It may be thaî the optimal bait to use will depend upon the management tactic k ing  

implemented. For example, fiontalin alone or in combination with a cheap synergist would be best 

used for grid baiting cutblocks as a pro-active treatment to contain scattered populations of spruce 

beeties prior to &est. In remote areas where access is dficult and single tree treatments are 

prescribed, a very attractive, expensive multicomponent bait might be justifieci. For example when 

lethal spruce M e  trap trees are required, falling them increases costs and can also open the 

canopy, increasing susceptibility to windthrow. Standing baited lethal trap trees would be an 

effkctive tool if attack densities on them could be artificially increased with an optimized 

semiocbernical blend. Finaiiy, m o n i t o ~ g  traps may have their 6 c a c y  enhanced by using frontalin 

in combination with MCOL, ethyl crotonate, or 3,3-MCH-oI. Increashg the attraction of trap lures 

would be very useful for log yard and coId deck areas, where there is a need to monitor spruce 

beetle populations. 



W e  the use of k c t  pheromones in forest pest mmgemeat is wcii di i shed ,  

cwtinricd asswsmmt and dcveIopmcat of specific applications is ncedcd. For the high tech 

phromone iadusûy an ~ v t  approach to growth will bt to develop new markets for establisbed 

wmpods. The chaiiaqp will be to increase îhe use o f  pherornoncs in operationai forestry, by 

adwuhg crirrcnt bark MC mmagemat straîegies, and dcveloping new tactics. If adding 

qmcr&& to k n i a h  fbr the spma ticette wiii make trapping and single tree treatmeats more 

MW, incrcased efticacy rnay ofçd the high cost. 
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