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ABSTRACT 

The western c 

st of ZZ~Qsh C 

e orchards located on 

were surveyed for 

3- 1995, respec~vely. 

hdysis  by conventionat dispersion statfsOtcs disclosed that L, 

occiden&lis exhibits a pronounced clonal preferen host selection. 

Poisson regression analysis to 

co~clusi~n. Visual eleb uras not rent 

em trees of grefemed and non-prefemed clones. Host preference 

fur trees of lulteme height and cone dens$@, h&ca&g 

at host selecaan by L, mct&ntab is complex and be descdhd 

h e a r  relaBonsMp. Adub and nmghs of L, occedentalzs 

cid, Mf?rgastigmus 

nts showed that L, 

ate bween sound and eh 



hexend. Both adults and nymphs wttl respond to alarm pheromone 

given off by either Field mpp&g disclosed that 

on pheromone to which sexes respond. 

occidenh2rS can be r understode Adulb seek 

0s several choices, In sequened order these 

are: selecaon of an appr~pfiate clone, an accephble cone 

densiw, ation of a prefemed height, a d  dete the level of 

chdcid-&ee seed, Once chosen, mamg and ~MpsiBon occur, which 

may be facahted by pheromones and host kWomones, rrespective~y. 

N p p h s  hatch and feed Woughout the s 

pheromone to avofd predaaon an 

the newly molted adu 

on phemmone, and 
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General Introduction 

e Class Insect& 

empterms were 

however, u*er 

favor of prohempterns being phfioph~ous and temeswd (Sweet 1979, 

1992). The Order itself is c sed of two sub-Orders: 

s of insects, the most. wdl- 

s; and Weteroptera, the true bugs, 

eteroptem wcur m y  kneacid &wzcts, such as pre 

wuch vector Chsrgas disease in humms 

19871, and squash bugs (Nechals 19881 that 

s asse-aon foeuses on one 

Coreidae, the western 



ospms ,  they feed on the h i t s ,  b B s ,  stems, berries 

d join& of plants &om 43 ra found in 22 orders. &-fmted bugs 

o feed on the developwg cones, seeds, buds, shoots and s ate 

genera m m  two es [Schaefer and 

. feed by ins 

sue, secrem st Che s-ches and c 

the Bquefied cells into agesave et (M3es 1986). 

In m a y  si-aaons, mech-cd d m e e  is believed to be done to the 

assues; however, this does not appear to always the case (MBes 1986). 

lossus spp. have been dwumented as being pests Jn the United 

ria md kgenma (Fe o 19571, but fn 

tts is native to western XV erka and 

a n  to c B ~ a s h  Columbia and as 

et al, 198 1 1. It was recently ascovered in 

f SB7, Mmsha 199 1) is considered a 

hoasehold naismce there. It feeds on c 

a d  Psewrlotsuga. It was not rec 

r (1 9631 published t accozmt: of thfs species feeding 0x1 

the cones of co&erous trees. Stnce then, its role a pest of conifer 

seed been gmm and Kwrber 1989, Ebd 

d Yates 1974, Ruth 1980 



Shea el at. 1986, Summers and Ruth 1987, Pasek anid Dix: 1988, 

Schowdter and Sexton 1990, Comefly and Sch er 1991, firgeon 

de Grmt f 994, Schowdter 1994, 11996). Howwer, no study has 

conclusively demonsmted or d e s c ~ h d  the relationsMp kween 

d seed a d  insect numbrs. ore, veq is 

t t&e htemcaons of L, 0ccide~fQlis their hosts or 

each other, mowledge of such mteracaons would doubaess aid in 

L. occi&n&l& as a p t ,  and could sibly lead to new 

g and control pmMces. 

abjectlve was to elucidate ce 

of L. occi&n&lfs, in an aaempt to &scaver an 

ment system lo replace the c~ment use of 

insechtcfdes. Woweva, m a y  aspects of 

insumau cultfes (at least 

search project). In addition, Waal problems 

iations of L. uccide me of necessiw into 

ct;s of its n a b  smbuEon and host selecaon. As a result 

ation, v ~ o u s  eses cuncemg the use of 

as a means -to select hosts, find mates, conspec~cs 

were famulated. 

one emphm 



and host selection, and the other selected aspects of pheromone-based 

CO 

introduction to this species, I b~efly 

d found no discrep cy with Ulat re 

( 198 1) or Wanson ( 19843. I observed much abou 

e seed orchmds and the actudt numbers of bsects present. In Part 1, 

C h a m  I, I describe the smpwg plan which was developd, the 

dis~bution and clonal host preference of L, occidenb 

orchmds and its . I initfated a study to ve 

e chaacierisac d 

for ii to cause econodc d to an orchmd. 

tion oft, occ@entatfs 

I& may depend on 

abit seed orchards. 

seed chdlcid. In Chapter 3, I 

host selecaon preferences of these 

1 use Poisson 

ie~stics upon the 

host selecaon preferences of L* oec: 



e and describe a hptheaeal decision tree d e m g  the potential 

host selecaan decisions that must be made by L, occiden.taEis {Chapter 5). 

g the Me cycle m d  &smbuaon of L. occi&ntr;tlis in 

ti& for this species to for w fi5 

sites and 1-&g mate 

art 11 of this disse-Qan, I 

chemical ecology of this species. Mmy Heteraptem are mis 

offensive and profixst; scent they emit when 

{Bornor et at. 19891. 1 test the 

es its defensive secretion as an eromone in Chapter 6, 

of L. 

In Chapter 7, I describe one 

nrence and test the hmo*esis that it 

thesis, an Mtegramg 

d discovefies conmbute to an 

areas fox biological inquiry. 



Part I : Distribution, Host Sekction and Impact 

The We cycle oft. mcZclenhlis has h e n  well documented ( 

al, 198 2, Hmson 1 84). Adults ovemte r  and erne 

on the foliage of coderous trees. 

.the cones and are 

of c o n m b u ~ g  to the d the end of the season. 

tossus corculus [Say], found in the souaemtem USA, has been 

obsemed to demonsate a preference for: specac host gen s (J.C. 

Nard, prs. corn.,  14'7 Rock Spmgs Rd. , mtunton, Georgia, USA, 

3 1024). Adults of species select host trees fn. spmg and oviposit on 

them. s hatch and develop on these trees ( 

season. 

In the Xfdted States, L. htlfs is considered to 

1963; Ui 



western conifer seed bug, L. ntalis occurs when a bug inserts its 

gh the cone scales and fnto the seed. s an western 

mn&oZa Dorxgl* ex 

Pseudafsuga nziesil (M&b.] eo, and mnderwa pbe, P t w  

&emsa Daug. e x  Laws., have found losses of 70-80% ((C 

chowdter 1994, 1996],50% 1 chowdter 1996) 

and Dix f 9881, xes 

sag seed losses of between 36% a d  41% an Douglas- 

8 1 and Ruth 1980). 

and ldgeple pine, 

, are two syuec2es in tree mprovement 

bteaor, as well as for export to vzwiaus 

of a seed orchard is the 

axid K w m  19911, sl 

ced for replacement plm-g. The 

in Cma&an seed orchmds is of concern, but 

conclusit~f: mpaet sad- have not 



My objectives were to determine of L. OCC~&R&E~S 

pine seed orchards, 

d to evduate the st specjes. I use 

at one 

Materials and Meth 

Surveys irr 1992 were carried out in: S chton, B.C. in three 

seed orchards, Mt. Newon Z and 2, t and second 

at Mt, Neurton Seed Orchards, 

, focated 

5, the survey was 

include two l d  e pine seed orchards, 

reference numhrs 230 and 307+ respecavely, located at K & m  

Orchsu"ds, B.C. Forest Service, Vernon, B.C. 

) were selected from a. Hst using a computer- 

genemted rmdom smple seXecBon Basic) for each seed 

d by the& cmrwatw the orehad and clone 

. In two orehmds, Mt. Newton L md 2, 

braches, visu selected at a 



hlfs adults and nymphs during mid-July. For comparfson, 

tree was then sumeyed, us when necessary. 

es were selected at to exclude 

proM&g an u d e s t e d  con&ol. Cones on two branches, 

- S cones, were d coflecGvely in 1 using either 

Bght-weight coaon ,48 cm 2ong 6 cm wide or 

ation bags, 56 cm long and 27 cm Bags were placed 

not just over the cones, but a distance up the cone-be-g branch, 

es that supported the b d prevented it &om 

e cones, As a result, L. occ Zfs could not feed 

A 25-cone sample was c &om selected trees 

3.993. Cones m e  &-dried in 

ouse con&aons, Seed were 

, and then x-rayed 

P- 1). Seeds were 

ed or Mested by the 



lnsect densities were m s f o m e d  by $x+O.S to s 

ces prior to General Linear Model (QLM) or 

stlitute 1988), In f %%i, the nu 

ce was used to evduate 

ence of clone on L. occidenhlfs densiQ* 

clones was e*emely vaable, the assumpaons of the 

mudel were violated m d  F values somewhat suspect, Therefore, f also 

evafuated the Muence of clone on L* occt&ntal& using Modsita's Index 

ed Madsi%'s C~mcient), an mdysis that is 

, &cuIated the n 

adults and n p p h s  considered sep 

on of trees infested clones, with mean numhr of 

med seed (SAS 



Results 

No relaaonsup between numbrs of L, midentalfs on branches 

and the enme tree was asclosed when all bmch s 

consMered (Rg. 11, It was eomon for Wee-brmcb s s to miss the 

insec sent on the tree completely. en 

zero or one fnsect mcountered were excluded from the data set, the 

rehaonsMp was s 

and fodgeple pine seed orchards 

sclosed that the lations were cons 

arent preference for c 

s, there was a 

that clone that were 

sted f w l e  11, in 

that, for descdpave purposes, 

tion of l;. occ n&l& over the clones can 

e Dougla-flr clones 

not the same in each yeax (in large 

cones every year), seven clones were Mested in both 



re 1: CompWson between numbers 

d bmehes of 86 e 

found on tow 

insects were 

s, y= .82x+. 168, r2=0.76, 





re 2: Mean numbers of L, occidentalis per tsee (rmet) for Douglas- 

t generation orchards sampled during 1992- 1994. For 

, many clones h a b a g  no L. occidenblh are not &horn, 

(na. clones in pmen~eses): Mt. Newton 1- 1992 (361, 1993 

(33) and 1994 (30); Nm*a - 1992 (25). In each su re the value of 

t (SMC) are shorn as 

sMbuaon (>0.5) of clones h 

of Beedam. for each yeax are: . NeMon l(1992f - 64; (1993) - 55; 

f 1 994) - 52; N ( 1992) - 16. Clones represented consecu~vely in 

1992 a d  1993 are designated by **. Those represented consecu~ve@ in 

1994 are designated by ***. 



l2 1 
Mt. Newton 1 - 1992 



re 3: Mean numbers of L. mcidentalls per tree Ir-et) fax Douglas-fir 

clones in a second neration orchad smpled dumg 1992- 1994. For 

g no E. acci&n&lts are not show, 

its. Desees of fkeedam for e 

(1992) - 74; (1993) - 75; 11994) - 52. Clones 



5.0 Mt. Nemn 2 - 1993 



re 4: Mean nu of L. occidentalis per tree (ramet) for lodgepole 

pine orchards s ed during 1993- 1994. For clrnty, many clones 

hsur-mg no L. accidental& sure not, shown, inclu 

aen*e~e~): KaZ 1 - 1993 (86) md 1994 

1994 (22). In e ed Mofisiats 

10 1. Clones represented consecuSve~ in 1993 and 1994 sure designated 

by "*. 



Adults 
Nymphs 

Clone 



1 - 1993 is not 

Regression 

t. on 1 1992 s 

adults 

1994 npphs 

adults 

Mt. Newton 2 1992 nymphs 

adults 

1993 

1994 

adults 

N 1992 npphs 

adults 

Kal 1 1993 nmphs y s.0 1xi.208 0.33 < 0.0001 

adults y =.0lx+.234 0.70 < 0.000L 

94 npphs y=. ,735 0.63 c 0.0001 

adults y=.73x+.752 0.66 < 0.0001 

1993 s y =.29x+.344 0.91 < 0.000 1 

5x+.124 0, < 0.0012 

s y =.89x+,695 0.86 < 0.0001 

y =.68x+.728 0.84 



1992 and 1993 and four clones were infested 3x1 three yeass [Figs. 2- 

3). For1 ole pine, 20 clones were Ixl both 1993 a d  1994 

There was no relaaonswp 4xtw-e 

probably caused 

ctors ( h e n s  et at, 1990) or feewg by mother ir"lsect may 

account for some of this typ of d 

d 

cones 

4.16% Inon- d), n-36, P~0.37; Mt. Newon 2, 

d), n-27, P=0.34; 2, 

have shorn 

feed on one seed per day (Hanson 

19841). This feeding rate vvas used $0 e numbrs of seed 

requ&ed for a 1 20-day fe g season to cause 5, 10, 15 or 

(Table 2). On the basis of these consemaQve 

seed archads tn 



5: RehaonsMp between percentage p 

orchmds over a ttva year s 



Mt. Newton 1- 1992 Mt. Newton 2 - 1992 

Mt. l'4e-n 1 - 1993 Mt. Newton 2 - 1993 
8 

= 0.022 
6 = 0.2'7 * 

0 
n=57 

4 .. 







B.G. (Figs. 2 and 3) are not high enough to be of caneern to the seed 

Discussion 

My resu1b m&mte g for L, occidenbtis requpes whole 

tree semches. Because L. omidenblis lays 2-20 e r clutch and the 

s gate to feed on cones in cbse p r e Q  to the empty 

cfrofions (Koerber 1963; J.C. Nod,  prs .  cam.),  tfie insects tend to be 

clumpd a tree. As a result of 

@Becave at low 

s case as low 

of insects would 

High insect numkm would 

g could cease. 

a seed 

to loeaaon of prefemed clones. In every year 

, some clones of 



none 1ms. 2-4, Table 11.. The demonstrated clonal preference by L. 

occ 2ts is s to obewaaons sugesmg a s 

preference expressed by L. eorcfflus in southern G e orchards 

(J.C Nord, pas. c . f , Referesee of clones for siaon has also 

shorn for the Douglas-& seed 

Schowdter iutd Have* f 1989) found 

rWa orego~nsis Fmte (Diptera: Cecidom@dae), to -bit a clonal 

ference in western Oregon. It er demass&&ted 

. Askew et at. 

( 1985) found clonal vmaaon in susce 

coneworn, DiurycWa spp ikpidoptem: 

ace@ and cultivzss has 

o been bemons 

(Hetelroptera MWdae) -pact to be related to see 

nmce egecb were also found 

ae). In 

DeGeer) (Heteroptera: Coreidaef, 



were found to prefer ce cult3vms of  quash and cucurbits fBonjour 

et al. 19901. 

h documented for 

a 

d sex of the prduced [Estop 1972 , MI 

CmpkH 1992). X 

preference ewressed by t, occwrrtalis (Kgs, 2-4) may f:e•’Iect a 

deposiaon of on those g e n o w s  wMch offer the best 



-fir 3x1 1992 and 1993 and - 14% in lodgepale ph~e fn 

f 993. 

g was only done in 1993, s of 

d seed were as Mgh in 1993 as fin 1 992 when L. 

were conside er -the seed 

s u p p ~  tfie 

and 1993 were not Mgh enough to cause 

lasses of seed in both Douglas- 

Populaaons of L* occ* 

dies were conducted during 

d to cause 5% losses 

(Table 2). The er numb= of insects present 

occidentatts could be a grater problem of 

d, At more sou&er& laawdes th 

occm in very high rrumkrs a d  has 

merited to cause s r 



et al. 1985, Schawalter and Sexton 1990, Schowdter 1994, 1996) 

cies fKwrhr 1963, m p m  and Kmrbr 1969, 

Shea et alt, 1986, Pasek elly and Schowdter 

199 1, Schowdter 1994, 1996). e in Canada, no msecticiddl 

s arc: necess 

Therefore, 1 at fn years W* favorable weather* or in 

fhe event of even slight gl~bal , L. aidenarts may acMeve 

the ppulaaan numbers in B.C. requfred to cause sigd-t 

d to seed orchard seed. 



teristics as a Potentf sm of Host 

selectiall 

Introduction 

aabutes  are used as indicators of hos 

forwt Wsecls suc as bark beetles {Sheph 

1983, Rappap& and 

et at. 19901, seed chdcids ( es 1987, RappapH and 

es 199 1, Rappapfi et at, 1993) and lepidoptera [mghom 19541. 

VBuat cues such as tree smouetle, size shape, cone see, shape, 

and c010r and co t between foBqe and cone color dl assist cone 

suitable hosts (Turgeon et at. 

twlated as being a b e a r  

relaaonsup whereby insect abundmce increases vigor (Plant 

199 1) or with art m c ~ a s e  in stress {Pbnt 



It is u&om if L. 0ccMentalb selects hosts based upon tree 

siting by female L. oeciden&ifs on trees WWI 

suppBes, e.g, cones, would bt: adapave to ensure sunrival 

easy for 

d each year to select g high numbrs of cones. A s  

trees tend to be healthy and also to prduee cones, selecmg trees 

ed on their smouese may also aid the sdwaon of adequate food 

resemes. All trees within a clone develop their ovulate cones at the same 

sition to cofncide wllh the development of their 

to the sumvd of 

, preference for e es may be due to their visual 

ese factors: cone crop, tree height, conelet development and visu 

in seed orchards. 



Materids  and Methods 

Trees were selected &om a fist us 

1992 (Chapter 1) and 

d &om 0-5 (O=na cones, 5=very heaw cone crop) or 

al numbr of cones per tree ed &om the orehmd mmaffer. 

into considemaon both tree h 

namMr of cones present. A 



until mld-AuGst, which coincided Wth comercial harvest. SurveyWg 

in 1995 occurred dumg July* 

of cmelet development is catego-ed as early, late or 

season. Data fur each clone were 

, Conelet development is 

ed; thus clones which 'flower' early in one year 

e eEect of tree height, insect nu 

Nevvton and I( st tree height. GrapMcaf 

quahBc relaaonship; however, regressions were 

cant but not pxe&c.tive. It was esized that the 

tion ofL. n.talis across catego~es uf cone densi'lcy or tree 

a result of the numbr of trees 



compme the &equenay of trees wlth insects wftfi the frequency of trees 

M W  the same cone categov or tree height, a ess of fit test was 

d. For archads where cane density- was ranked categories, 

es per categov and total numbrs of trees harbontng 

categow were tabu s for each 

lated and comped wit21 cted propofions usfng 

cm-squae a d y s i s  (Zm 1 84). In or&& where tree height or actual 

cone numkrs were avdable, catego~es were creaed by g -the 

of measuremen* into 9- I 1 categoaw . In all cases a= 0.05, 

To ate whether k occ nhtfs prefers trees 

-square test was 

S 

cted values at a: = 0.05. 

In. May of 1996, conekt and fali es were d &om 

prefemed clones 3 M3,3 153, and 3 1 77, and non-prefemed clones 3 188, 

1 located at Mt. Newton Seed Orchads. A 17 

ce spcbophotometer (hpis and Borden 19951 was used to 

e whe*er -the mount  of resected by these plant parls 



General Linear Made1 Analysis of Va;rimce and Scheffe's Mean 

S ~ P  n Test (Zar 19841 for each pubt of data conected. 

Results 

oceZdenLalfs per rmet and cane density was obmed for only Wee of 

the seven orchmds surveyed in 1-992 - 1994 [Mt. Ne&on 1 (1 992) n=31, 

. Newton 2 (1992) a=55, r = 0.347; Mt, Newon 2 

2 I19941 n= 19, 

11 ( 1993) was not dyzed because there were ody 4 trees 

insects, No L. om&n&lis were fau 

cones and trees with high cone densjties did 

greater numbers of insects -than those with few cones. In both Kal I md 

2 in 1995, the relaaonsMp between nu of L* acc&n&lts and 

numbrs of cones per tree was s ant CP mged from 0.000 1 to 

0.0003); however, the predicl,abfllty of was very low 



Post hoe regession analyses to evaluate a potenad quadratic 

relaaonsMp &Ween numbers oft, ntal~s and numkrs of cones 

tree or tree height were MgHy (dl P values < 0. 

r (8 values ranged from 0.0 16-0.026). The 

sibly due to the large 

h proede an accurate es 

CM-squae analysis disclosed s 

numbers of L. w c  ntatfs and numbers of cones per tree in seven of 10 

es for adults (Figs. 6, 7, 

s) tend to be those Wth 

densiBes. 

ere was no beax relaaonswp between numhrs of L. 

eight for Mt, Newon or 

0.09 to 0.86). S to cone density at Kal 

re1aaonsMp appeared to quadraac where& the rnajodw of&, 

occtdenfrrtis coufd found on trees of me&um 

resessions were either s 

low r2 



Figure 6: RehtionsMp between the propaon of Douglas-& trees in four 

cone denslw categories L. mcMen&tls and 

at M1. Newton I m d  2. S 

of adults and s acrws cone 

of the number of trees eac 



Mt. Newton 1 - 1992 Mt. Newton 1 - 1994 

Mt. 2 - 1992 



re 7: RelaaonsMp between the proportion of lodgepole pine trees in a 

en cane density ca 

each category at 

cone densiw cak 

each categow. 



Kd 1 - 1993 
Adults 

Kal2 - 1993 



figure 8: Relationship in 1992 and 1993 between the rfcion of 

(Mt. Newton 1 and 2 1 a d  Idgeple pines [IWl and 2) kn a 

at the deaaeons of adults 

of trees with each categow, 



Mt. Newton 1 - 1992 Mt. Ne 2 - 1992 



Figure 9: Relationship in 1994 and 1995 between the pmpomun of 

ole pme trees in a given hejght category h L, acci&n&lis 

dedaaons of add 

dent of the number of trees with each eiitegow. 



x2 = 4.9, P = 0.84 
Adults 

0.25 -7 0.3 -q x2 = 6.9, P = 0.64 



0.29 - 0.79) urlth low r2 values ( from 0.007 - 0.021). In alt eases, 

e precision of the model 

cmt deHaaons between the smbuaons oft, occfdenblfs and tree 

es in four of ces for nmphs, but only one of 

for adults (Rgs. 8,9). 

ce, coneIeb reflected more t than foliage 

(Fig. 10). Conelets also tended to refiect over a er rmge of 

C520-670 XUII 

. However, there were 

and non-prefened eXones. 

Discussion 



re 10: Mean light reflectance cunres for conekts and 

at Mt. NeWon Seed Orchard. 

used to generate 

cumes* 



Referred Clones Non-prdend Clones 

Clone 3 153 0 Conelets 

1 Clone 3105 
II Foliage 



were ever found on trees without cones, s stin& that presence of 

is a hnp %ctar in host selecaon by t. 

there was no sixon ax relaaons ween 

insect numkrs and s&e of cone crop fF3gs. 6, 7). For cone-bemg trees, 

e re1aQons een numkrs of insects and num&rs of cones was 

cted, but: appmed to be qua&aQe in namre, wherew 

adults appaenay selected trees with mdemte cone crops for feeding 

m d  oHpsitaton. In ody three orchard years (Mt. Newton 2 - 1994 and 

2 - 19931, of e 10 orchwd-yems rn 

t deHaaons of numbrs of both adults and 

across cane categow. 

. HeMon 2 - 1992, 

for n p p h s  but not adults, In 

s and females were not the surveys) may have 

o'bscured the relatians 

It may be of adapave for L. mllentalts to select clones 

wMch have cornistent annual cone craps, rather 

. Ifvaaaon in cone crop s&e is great, insect d 

fMamon f 97 11. kptr?gZo 

early spmg when fbe 

pfior ta conejet 



. ow.). I hypothesize that trees bearing high numbers of conelets 

of trees be-g few 

coneMs, thus re aJ cone dens* to levels lower than those 

that have consbknay mderate crops. G 11968) fmnd a 

relaGonslrip &Ween Bower 

trees gram at the Uaversiq of Bdash. 

app Research Forest, 

sted that abortion may be 

et at. 11986) found cone prducaon to be under 

, but that clones changed 

clones may be bas 

suiabaw, such as mdente cone e result that L- 

n&f& may select some cIones in, successive years but may 

order of preference, as well as and delete clones, year to year 



J-en 1979, Berernbam and Seigler 1992, Hobson 19951, are produced 

by stressed trees, and may also be repeUent to L. mcan&tfs+ Trees 

mhrs of cones tend to have s cones, few seeds per 

gematfun rates fWhe and Jech 1990). 

seeds me most likely to 

fmeeler and Jech 199 and Adms 1 

wWcb hvesb much , small seeds may not eagoud 

rehm on hvestment. Trees bearing mdemte numhrs of large cones 

number of seed per cane would thus be more suieble hosts 

c cone producers. m a e m o r e ,  a high 

s per cone vvas found 

of the cone crop md nu per cone may be 

In orchmds where the egect of clone could not removed, more 

sects were found on trees of meam heght than on tihe tallest trees 

(Figs- 8,9). This emaeon appears to c ct the ' is better' 

school of host selectfon f Wce 199 1, P&umb et at. 199 la, 199 1b), and 

s, re ss of height, represent 

unsuiable habiab. trees tend to be older* of Mgher qu 



better nument status, and to have a larger surfhce area, s 

cone crop than shorter trees. 

other cone and seed fnsece time their amck 

host phenolam (We et al. 198 I), L. nlalfs were as likely to 

on clones ffowe&g ealy or late in the spring. U other insects 

have a dow of o p p h d *  to odpsit on their hwt 

le.g. seed chdcids, Megastfgmus spp.), ox only live a short 

eelmion ox ovemtemg (e.g. cone gall midges, &ntartMu spp.), L. 

occidenblis lives well into the sumex foflomg 

r cone, seed weght or 

nm [Fig. 101, reflectance may have a s 

Us toward trees 

s and 1972) 

L972, Kemedy 1976), are -ted to sudaces wuch 





Introduction 

lossus occfdenbtls does not exist fIl my seed orchard in 

isolaaon. In Douglas- , there me five other major s s which feed on 

e cones and seed: the Douglas- 

coneworn, Dbwc 

{Grate] (kpidoptem 

nsis Fmte (Diptern Ce ae) and a seed 

daef . 
of these choose the seed orchard far 

o e p i a o n  species complex is cornon 

western Uni.fd States and Cmada (Schowdter et al. 1985, 

Haverty 1989). 



by these two specks **out x-raying the seed (Baron 1967 and 

Belcher 19731, condu test (Buszeurfcz and H 

a d  Shea 1990) or usmg a fimm e (Brom 1967, 

L. crcc~dentajl[s feedin ge &om 4 1-80% (Pmek ;and Dix 

1988, Cumeny and Schowdter 199 1 and Sch r 1994, 1996) while 

es s of 10 to 60% are r e p ~ e d  for M spemmphus (He 

1980, Schowdter et ak. 1985, Dombrusky a d  Schowdter 1988, 

d Rques 199 1 I. 

resources 

able, In years of law resource 

g at the orchard eaBest wouXd have an 

Douglm-& cones 

1994). To avoid cornpaaon, t. 

a clund preference in 

d Rques 199 f 1, but its preference 



esized that Sf L. id-Wested seed 

&om sound seed, 

able hosts. 

Amerrtca, my objweves were: 2) ta de 

between -Mesled and 

seed, 21 to assess whether an appreciable weight could 

ted to L. acc€&ntalts fee-g; and 3) to compme the 

tions of L occ 



Materials and Methods 

Douglas-& seed were ed &om the Tree Seed Centre, B.C. 

Forest Service, Surrey, B.C. S s of seed were x-rayed f 

an Forest Service, 

Victo~a, 18.C. for 1.5 at f 9 kv. Seed were c 

(Exp.) were conducted to test 

theses that adult (Exp 1,531 and (Exp 3) L. occlden&lis 

en chdcid-Mested and u-ested seed. In 

1, seed were assigned in lots of 20 so that 

of 0,20,40,60,80, and 100% d seed. Seed 

mmked uswg a Mack felt-appd pen, re-x-rayed and 

were low in Exp. 

2 and 3 were assigned in lots of 10. Insects for Eq. 1 

ed from a l a b m t o ~  colony rn ed at a 15:Q h 

(LD), 60% R.H., a d  wit31 a to 30•‹C in the day and 

. Insecl for Exp. 2 were conected &om the Beld in 

e labrataw until used. 

Treaaenb were repBcated ei d l s for 

. Z and 2, res 



Exp. 3. Two Qpes of controls (n=8, 10 and 10, respectively) consisted of 

u sted or 100% chalcid-jwiested seed that were not sed to seed 

. f was Ja;nuw 12 - 25, 1994 each repBcate of 

0 seeds being placed in a 150 dim. plmQc Pew-ash with a 

eofton wick and a single adult L, occtden&lfs. Pew 

@%I tn a complete@ ran a labmtuq 

nch at 20QC, 60% R.H. and 1@:8 h. (L:D], See a o w d  to 

feed for two weeks; any In&*dual that died within W s  pri& was 

replaced. Feeding behavior was observed several times p r  day on 

ate days. Exp. 2 was c d out &om June 13 - Au 

ates for each sex mn at a time. 

and mesh covered c 

0x10 cm for XO days under labmtoq con 

had a water wick to proade mois-re; 

dishes with moistened cotton wicks. The dishes were rmdody 

d on a bench neax the labmtoq eolony to ensure 

s. Instars 3-5 were used for this ey are hardier 

m I& or 2"d W s w s .  ad fnsects were replaced to ensure equal 

the study pentode 



sed to seed bugs, seed were x-rayed once more and categorized as 

of d d and sound seed used in th is  

were conducted 

Seed Tesmg kssdaQon s dmds, using 

. 1. Seed were placed in on cays on moist 

toweug by replkate and straaed in. the dark for Wlree monas at 5*C. 

They were msfemed to a gemation chamber a d  held for tvva weeks 

under a 30:20eC 18:6 h (L:Df ph . Seed were then 

cate d or mddy. 

To test the h p a e s  

t avoid compa~on by ite host preferences, tihe 

two species was 

t harvest, Septemkr, for M; spe 

on Vmcouver Island, B.C. 

Newon Seed Orchads ( 

generaaon Douglas-& orchard also at &It. Newon (Mt. Newfon 

es represenmg seven clan- in a genemaon orch=d af: 

st ucls Ltd. were chosen* A 25-cone 

ed &om these Qrees 

s were placed in paper ome 



and shaken to extract the seed. Seed were de-winged by gentle abrasion 

d m o m g ,  and x-rayed at 19 bolts far 2.5 Model 

hphus larvae were counted and 

r tree calculated. s were 

ed in whole tree counts 

loss or gafn of seed in O and lOO% chdcid-infested 

&earnen& &om Exp. 1 were eumpaed with those of the unevsed  

L&ear Modes (GLM) and the Dumen:*s one-way 

1989). Weigh* of 

were compmed. Weight loss or 

kansfomed by mcshv!x to s 

test. Numhrs uf L. occ .2-4) were regressed st 

CLM. In dl cases 



Results and Discussion 

us mctdenhlls adults dis ated between ckralcid- 

ed seed. In both 

th sexes in. the 0,20 and 40% 

one male was ohsewed probwg an 

Mested seed. Xn 2 ,  Cwa males also fed at the 60% &eaaent level, 

Post treament x-rays for both e v m e n t s  revealed no evidence that any 

mMphus lama had k e n  fed on by L. wcaen&tts. M o m *  of 

nhlts was relamely consmt at 143-2496 

a refusal to feed 

< 100%. However, in 

The resuits fXf Tables 3 and 4 su 

L. occf&nlatts adnits 

ted ted seed, and @&cate adults are not faculwave 

predators on ex n p p h s  would fee cansistenay on 







ed seed fed on by L. occiden 

d seed, which gained 

over fiKO weeks, probably because of mbgbed water (Table 

51. Gemaaan of d seed .was not s en 

F=4.16, P=0.08), ave €3 1% in the &sect-evsed 

, 18% of43 

L* mc&a&lis 

and embqo tissue, 

lossus comulw Say, Kemde and Bewley (1985) 

ate even when 





of endospenn present. S phenomena have been observed for 

in nwsergr prdacaon (R. 

rs, B.C. Forest Service, Green rs Nursery, Suney, 

has e ~ b i t e d  a pronounced clonal 

ge supprt those ed ce 

st that seed orchm&sb 

could select for less-prefemed cIones ff preferences do not 

to year as they do for t. occi&nhlis, and genetic &versi@ 

crop is not s 



I 1 : Clonal preferences of Me spenno6-0phus and L. occidentalis in 

-& orchads on Vancouver Island, sumeyed 1992. Data 

Chapter I, Relaaons en 

h w  and counts of 

F=0.05, P<0.833, r*2=0.009; Mt, 

F=0.02, Pe0.889, r2=Q.0006. 





and s 20 bugsltree for L. occidental&) to have allowed a segregating 

ct bared on clonal preference to 

s of Douglar- 

ee ( R a p p a ~ d  md Roques 199 1 ], wMe the e 

by lepidoptera, A related speies, Ma aculeasttls 

nlgmflous, was shown to seed (achenesf of 

and cu1Qwted s cies of the genus Rosa over smaller seed (Ndepa 

and G~sseU. 1993). That L. occfdenfalts can benefit &om feedin 

seed, and as I have observed L. mc-ntctlfs feedJng on all areais of 

L, occi&n&iis me clones most preferred by M: 

mg the rejection of 'less-preferred clones by the 

seed bug. 

Because both seed bugs m d  seed chdcids requfre u 

(Tables 3, 4) and eir clonal preferences overlap but ase not 

I), I conclude that mpa& &om 

ad 



Chapter 4 

r A New Model 

U is of v a m c e  f h e a r  model 

[QLM) on %sect count data has always been problemaQc. In many 

strated in Chapter I, msfomaaons are lrequwed prior 

using ANOVA or GLM and use of in s, such as k 

s [Taylor ef. at. 1979). 

equate& hmdfe data sets with 

uous and categadd, a &propmon 

and a l w  a d  unequd numkr of repBcates. In siuaaons such as 

these, more complex mdflcal memds are requ&ed. 

A suibble analysis 

steps wMch should be foHowed to 

hhaeor,  selected 



the &mbuQon located and used to analyze the data. By applmg these 

to my data I show Poisson regession to the apprup~ate 

avior oft* occ 

orchsd must be nblfs adults 

leave sites and fly to an orchard where accepbble hosts 

located. Beareacdy, if all trees m m  a seed orchard were 

ally the same or 3f host selecaon did not 

tics, each tree can be considered acceptable 

d nu host preference can be observed. 

ition is based on 

, such as height and cone densiv. Once axr 

e host is selected, mating oawsiBan occur, The number of 

sited may be adicator of how prefened the tree is. X 

. occidental& in&adu& behaves tn the same way, 

wMc me to considex the observed numhr of bugs on each tree to 

draws &urn an idenBcal 



To meet the requirements of step two, a picture of the data 

&om the behaMor must 

wctdenalfs, the that an insect chooses a p 

orchmd of trees, is 1 ln, where n 

e orchard. Given that n is large, th 

an orchad of idenac2ij trees &e~fore foaows a Poisson 

dlsmbuaon. If L. occi&ntalis e ~ b i b  a host preference, one would 

ct to see larger prohbwaes sociated with preferred trees. For the 

studied, a fevv insects had many trees to choose from. As a 

ere were many trees which h 

numhred counts. 

ation to the exact dfsMbution of the data 

tmome el al. 1973, BrwXow and Day f 989, hwless 1987). 



studies (NackenMch et af. 1992, To1bert et al. 1992, Schouten 

etaf. 1993, Segal Neukraus 19931, mpact studies 

der et al, 1992, Ray et al. 1992, Sc 19941, me&cbe [Gail eC 

et al. 198 1, FmeweB Sprott 1988, 

elder 1993, Lavmge et al. 19941, equipment reli 

(Crow 1974, cher mci Feb 

1985). In cases, the 

avior of the orgmsm or entity king studied h foaowed a Poisson 

dismbuaon. As a result, use of Poisson Tegression to analyze the data, 

ed on the Poisson dsmbuaon, is approp~ate. 

ere are four 0x1s to use the Poission 

se (Dean 198833 I] it 

mbuaon of counts using simple assumpaons; if wen& occur 

bwodd and the su 

counmg precesses. 3) it is a memhr of the nt3a.l f e  

a udque, unbimed, xn ance es of the mean of 

or being a funcaon of the su 

41 3t eequenay adequate 

on of rmaom coun 



dis is that it enables more me 1 biologic& h t e ~ r e a a o n  

its pameters than merely fomd ess-of-fit testing 

4). Insect counts, replete with zero counb, have Men 

mmy aswbuaons such as the negaave buomd, 

A or Polya-AeppB (Kemp 119871. In Chapter f ,  the negaave 

dsmbuaon, and its enl p used to 

descstb the dis of L. occi&n&lts orchads. However, as 

en shown to be valuable as a descdpave sta;ass.tic only (Taylor et 

at. 19791, evduaUox1 of variables is not possible. In this case ather 

tiom, such, as the Poisson, provide a is for analysis. 

objecaves were to develop and u 

selecaon process of L. mc 

chaactestsacs ch 

steps required to jus 

ated with respct to my 

on Wmbuaon provkies a 

the norm 

ate &sMbuBon upon wM& mdysis should 



aterials and Methods 

Seed Orchards, B.C. Forest SeMce, 

on, B.C. Mt, Newton 1 and 2 were surveyed consecu~vely &om 

1992- 1994 and the faBo-g data was 

data collected: 

for adults and 

ed to as high as 41 trees per clone in the lodg 

(Luted Depndent V-ables) version 7.0 (Grwne 1995 1 

Inc., Belpfi, New York, and 

the data. Each. data set was 



second analysis was restricted to only clone and the third analysis was 

tree chmctefistfcs as 

Insect eounB for adults and n ~ p h s  were an 

would have had to been removed. As I deemed the clone vaable to be 

&I the m&eI and flowemg time was not found to be 

m e  was not Mclnded, 

itemaons of the Poisson 

ues generated by bath regression 

ear or Poisson regrmsion, has a better fit wif& the data. The cxiteria 



(DaMdson and M a e m o n  19931 generates a G value which has a chi- 

square &smbuBon and a value wMch tndlcates 

mtly changes the fit of the model, 

is to only clone is fn effect a look at how the tree 

on the mdel, because the tree chaactedsBcs, in 

is, have zero eEe 

that tree chaactedstics rue in the model and out *ern, 

the model is s changed fi-om .the umesMcted [where 

s are included) model. A non-s ant p value ixxacates that 

tree ch=ete~sBcs in the model does not s mt3y increase 

atory power of the 

-lo represent trees 

is referred to 

. It is easier to 

the worst ease 

t numkr of or zero 

@sects. However, there are many trees h no tnsec& so selecting 

a base case becomes ult. Poisson regession results 

OVA, and relaBve to zero, m y  

zero bugs has a relative count of gelds large 

ult to bteqret. To avoid this problem, X 



chose as a base case a clone h a b m g  a relatively large number of adult 

f;. mci&nblfs. The same base case was used for adults m d  

npphs .  

ncaon. For these 

iteratio~~s of the mdel are cdculateb before 

esmates are abmed for each p m e t e r .  The result, in the form 

of c ients, are genemted for each pameter. The basic form of the 

Poisson model for discrete random variable, Y, obemed &equencies, 

y,, i= 1,..,J?, where y, r 0, regressors q, 

Y prob (Y=yi) = fee h, )/@:), y=OJ.,-..9 

where =: mi 
and P'x; - a + + P&+L +lflgb' 

h, is both the mean and m m c e  of y,. In less 

mamemaacd terns, 6 represenb the c iexlt generated for each 

added to the , a h value can be 

CL for each tree, based on fndivltduat 

represen& the es d mean number of insects 

s a 2; score which whether the -able is 

d. Relative risks for each e were generated 

the equation: M. risk L= d 

for the vmable and 



the base case. However, setting exp(fi,l to 1 results in the equation being 

merely & ~ d e d  by one and dculaQon of the relaave risk 

Ine~retaaon of the Resulb 

al and conmuous data el were handled 

ensity, had each c 

value of 5 fox Mt. t m d 2 m d 4 f o r  

I - 19931 was the lowest cone densiQ 

All relaave risks genemted refer to the mount of Mereme, if greater than 

I, or decrease, if less the est cone density 

e, if a cone density of 2 genexates a relaave risk of 

means that trees wit31 a cone density of 2 are 9.55 times more 

fy to have insects on them -than trees with a cane densfrty of 5. 

Conversely, if cone density of 2 generates a relative risk of 

a cone densf* of 



Continuous data, f.e, tree height, does not generate relative risk in 

relaaon to only- one lower valued siuaeon. Relaave rrfsb werated for 

c uous es refer to the amount of a c r a s e  in insect numbers 

wMch can be expected an increase in one unit of measlrre, i.e. a 

etre. So, if the relaeve rJsk of tree h 

orchmd, for evev metre of tree 

nu of irxsects would bereme by 1.07 times, t e ,  - 7% acreme. 

Results and Discussion 

ed &om the Poisson resession 

OW regression, Poisson 

~ n c a o n  wuch were closer to zero for both 

s (Tables 6 and 7, respcavely], 

data is mare cansisterrt: with a Pohson resession 

ssion model. e results 

regression model to mdlyze the dab. 

. Ne&on 2 - 19941, and one instance far 

19941 were the values of funcBon closer to zero for the 

OW regession. In both cases the el was a reswcted one inclu 

els in er orchmds and 

result, these results are considered an s . 



Table 6: Log-&ern& funcBon values calculated from two meaods of 

Poisson &sWbutron. 

Clone only - 176.51 -65.75 

Clone -520.67 

Clone only -6 1.95 - 16.75 

Tree chmcte-acs -82.03 -27.01 

Tree ch ristlcs -414.82 



Table 6 (Conmued) 

Value of the log- 

function 

Poisson 

Tree chmctefisucs - 169.76 - 102.88 
1994 All variables -427.08 -274.33 

CIOXX QT&~ -427.44 -275.41 

Tree chmcte*ucs -395.20 

C10m only -96.54 -49.19 

Tree chmctewtics -113.1 -73.58 

f 994 variables - 1 X7.67 - 101.99 
Clone -121.45 - 104.35 

Tree chmacieasacs - 129.18 - 1 14.50 
1995 vmables -77.54 



function vTdlues calculated twa methods of 

Value of the log- 
functfon 

0 Poisson 

Orehad Model mgession regression 



Table 7 (Conmued) 

1 1993 vmables -400.14 -121.61 

Clone only -402.5 1 - 133.8 1 

Tree chmactefisBcs -234.39 

1994 AU mables -271.19 - 147.41 

Clone o -273.32 - 152.28 

Tree ch edsBcs -289.74 

1993 variables -60.9 -5.05 

Clone only -65.12 - 15.34 

Tree chmcteBtics -84.72 

199 mables - 150.5 1 -70.19 

Clone - 152.64 -75.40 

Tree chmacteHsBcs - 169.61 - 107.60 

1995 varriabfes -666.15 -495.37 

C10m 0n.Q -670.90 -53 1.09 

Tree chmaetem-If.cs -686.3 1 -649.66 
I and 2: clone, tree P1 

awve except clone* 



ood Ratio Test values e the unresmcted model to 

two ~restrrtcted els shows that 

orchwd. For nmphs, the effect was even more c a d i n  10of 1.1 

s ant factor. Even more &teresmg is 

e effect of tree ch stics (resweted mdel l. j. effect of admg 

the model was s 

ces for n ~ p h s .  

for mast orchads, both clone 

e host selecaan process oft, 0ccIdenkfis. In years where ad of 

tics was not s 

model I), ad&aon of clone was s , and canversely, if 

of clone was not s 

There was only one 

- 1994, adults) in g that the ci d not Bt the 
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Clone, tree height, cone density, half-cone seed counts, g b k r e m  

yield were aU. found to be m p m t  e (Tables 

is of vwmce mdel  (see Chapter 11, none of these 

and separate 

relaaansMps. Far 

t were not the s m e ,  

nor was there any pattern of s 

npphs .  S g Mth clone, most orchards had at least one clone being 

t the model in this case means 

the standard emor was found 

rent &om 0. Clones not h 

g insects wWch is not s 

s rat30 tn essence s finto account the 

ce test accorWgly* 

alysis of adults in Mt, Neuvton 2 - 1992 (Table 121, Kat 1 - 1993 fTabk 

to the model. Clones not X1 

had relaave fisk values of < e are not r e p ~ e d  fin the hbks 

e nu of clones riot 



Table 10: Relative fisks, cornpaxed with the base case, for variables 
Mcluded in the Poisson regression model far 1Vlt. MeHrf;an I - 1992, adults 

Adults s 

e Vdue Relative Rsk Value: 

Clone 900 1.00 (base case) 900 

He metre 1. 0.99 

Cone g 1 0.00 1 0.00 

5 5 f .0 e case) 

G s Not used 1.00 (base w e )  Not used 1.00 (base case] 

Used sed 0.00 



Table 1 1 : Relative risks, camped with the base case, for vasfables 

a relative ask 4.01 not shown in 

Clone 760 * 
972 

233 

908 

643 

169 

114 

902 

970 

907 

794 * 

85 * 

909 

763 * 
906 * 
572 * 

132 * 
900 * 

911 * 

2.83 

1 *M 

1.03 

1.00 (base case) 

0.89 

0.70 

0.68 

0.67 

0.54 

0.53 

0.45 

0.45 

037 

0.36 

0.34, 

0.33 

0.33 

0.32 

0.3 1 

0.30 



Table 11 (Continued) 

Adults s 

1 Value Re1 k Value Relaave Risk 
-- 

Clone 759 * 028 

903 * 0.26 

791 * 0.20 

60 * 0.1 

967 * 0.17 

969 * 0.13 

568 * 0.11 

Cone $ I *  17.88 1 0.20 

2 * 13.38 2 'f ,06 

3 * 27.68 3 0.62 

4 * 6.73 4 1.01 

5 5 1 .OO (base case) 

G s Not used Not used 1.00 (base case) 

Used * 0.19 Used 0.00 



Table 12: Relative risks, commed with the base case, for variables 
Mclnded in the Poisson regression model for Mt.Neaon 2 - 1992, adults 

s. Clme with a relative risk <0.01 

3177 

3 106 

3100 * 

3080 * 

3175 * 

3117 * 
3153 * 

3130 * 

3132 * 

3184 * 

3079 * 

3084 * 
3114 * 
3097 * 
3166 * 

metre 

1 * 
2 

3 * 



Table 12 (Contimedl 

Adults s 

G s Not used 1.00 [base case) Not used 1.00 ( 

Used 0.709 Used * 0.49 



Table 13: Relathre risks, compared with the base case, for variables 
included in Lhe Poisson regrwsgon mdel for t.Nevvton2 - 1993, adults 

s. Clone with a relative risk <O. 1 not sh 
s not show, adults and nmphs, res 

el at az0.05 denoted with *. 

able e R Risk e Re1 sk 

Clone 3 143 

3177 

3 158 

3154 

3112 

3079 

3 132 

3 140 

3 145 

3 156 

3 106 

3 109 

3 125 

3 129 

3 134 

3 146 

3 185 

3188 

1 

2 

1.00 (base case) 

0.75 

0.36 

0.24 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.11 

0.10 

0.10 

0.110 

0. f O 

0.10 

0.10 

0.10 

1 *o 
1.73 

4.98 

1.00 (base ease) 

0.74 

0.20 

0.00 

0.00 

0.00 

0. 

0"OO 

0.08 

0. 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 



Table 13 (Continued) 

Cone 3 ND 3 * 4.82 

4 0.48 4 32.06 

5 1.00 (base case) 5 1.00 [base case) 

s Not used 1.00 (base case) Not used 1.00 

Used 2.0'7 Used 



Table 14: Relative risks, compared wit31 the base ease, for variables 

~Bvely]. Variables 

Vahe Relaave Risk 



3143 * 
3 132 

1 

2 * 
3 * 
4 

5 

Not use 

Used 

0.0 1 

0. 

f .oa 
5.27 

3.52 

1.37 

1.00 [base case) 

1.00 (base case) 

f -25 



Table 15: Relatfve risks, compaed with base case, for variables 

ot shorn in table 



Table 15 [C 

Adults 

Vatue ReIaave Risk 

Clone 3088 0.34 

3110 0.34 

091 0.28 

Height meQe 1.01 mete 1 ,00 

Cane 1 1 .OO (base case] 1 1.00 (base easel 

2 * 5.69 2 * 6.00 

3 * 7.87 3 * 4.82 

4 4 12.7'7 



Table 16: Relative risks, compmed with base ease, for vaables lncluded in 

'45 not shown 

Adulb NPP~S 

e Vdue Value 

4.93 

2.85 

2.66 

2.49 

1.94: 

1.71 

1.11 

1,00 (base case) 

0.98 

0.9 

0.94 

0.9 1 

0.88 

0.83 

0.79 

0.77 

0.7 1 

0.6 

0.69 

0.68 



Table 16 (Conmued) 

1 Value Relame Risk Vdue Relatfve Risk 



Table 17: Relative risks, compared with base case, for vwables 
Mcluded in the Poisson. regression analysis for 

10n.es with a relatfve rfsk of 60.45 not 
38 clones not shown, adults and nmphs, 

denoted with *. 

Clone 3128 

3043 

3129 

3054 

3033 

3066 

3155 

3161 

3153 

3040 

3 105 

3 139 

3 136 

3 122 

3 134 

3075 

31 

3126 

1536 



2.05 

1-98 

1 .& 

1.79 

1.71 

1.65 

1.58 

1.55 

1.54 

1 .SO 

1.49 

1.42 

1 .24 

1 .23 

l.18 

1 .O5 

1 .O3 

LOO (base case) 

0.99 

0.89 

0,87 



Table 17 (Conmued) 

Cone numbr/tree * 1.0 1 1.00 



Table 18: Relaave risks, compared with base case, for 
the Poisson regression model for 

. Clones with a relative risk ~0.20 
19 clones not shown]. 

ded as data fn=9) was fnsuacient 

Clone 1512 

15 13 

1528 

93 1 

1536 

1507 

962 

151 1 

1529 

1533 

1532 

1537 

1538 

1523 

He metre 

Yield bushels 

Seed numkr/ha cone 

Cone ratin 1 

2 

3 

4 

2.26 

1.20 

1. 

1.00 (base ease) 

0.87 

0.83 

0.78 

0.57 

0.5 L 

0*40 

0.3 

0.38 

0.23 

0.20 

0.99 

0.96 

1.11 

0.63 

1.46 

1.25 



Table 19: Relattve risks, compared with base case, for vaables included 

Adulb NWP~S 

e Value Relaave Risk e Relative Risk 

1.54 

1-32 

1.28 

1.13 

1.03 

1.02 

1.01 

1 .00 ( b e  case) 

0.92 

0.9 1 

0.88 

0.83 

0.75 

0.75 

0.72 

0.66 

0.57 

0.55 

0.54 

0.5 i 

0.50 

0.49 

0.47 

5.99 

5.59 

5.53 

4.23 

3.83 

2.95 

2. 

2.2 1 

2.16 

1.98 

1.81 

1.37 

I* 19 

1.00 (base case) 

0.89 

0.3 1 

0.00 

0.00 

0.00 

0.00 



Table 19 I C o n ~ u e d )  

Adults hs 

Clone 1533 0.43 I520 0.00 

cone cone * 



Table 20: Relative risks, compmed with base ease, for vdables fncluded in 

Adults 

Relaave Risk 

Clone 154 

1529 

1510 

1507 

946 

1532 

962 

1514 * 

1533 * 
1537 * 
1505 * 

1511 * 
1502 * 

1513 * 
1536 * 
1501 * 

1524 * 

1523 * 

1527 * 

1512 * 
939 * 

1.27 

1.16 

1 .O5 

1 .O3 

1.00 C base case) 

0.87 

0.74 

0.70 

0.68 

0.67 

0.62 

0.56 

0.55 

0.53 

0.5 1 

0.45 

0. 

0.4 1 

0.4 1 

0.4 1 

0.40 

0.36 

1.94 

1.35 

l,l3 

1 .O7 

1.02 

1.00 (base ease) 

0.88 

0.87 

0.85 

0.8 1 

0.72 

0.7 

0.67 

0.65 

0.64 

0.57 

0.41 

0.4 1 

0.38 

0.33 

0.33 

0.32 



Table 20 (C 1 

Clone 1518 * 

1538 * 
931 * 

1519 * 

1516 * 
1534 * 

937 * 

1503 * 

1528 * 
1504 * 
1539 * 

Cone nu 



clones in an orchard. Unlike an analysis of variance which is unable to 

clones rln a mod4 a s  lmge, the Poisson relfression 

can* 

found to be s cant in some orchards and not 

t in oihers, In e adult mdels [Tables 10-201, 

cant. Relaave risks for these oxhads  eiaer 1 .GO or 

0.99 fn&ca*g that increElsWg the tree height would not result in an 

increase in L. occidenalts numbers. For nmphs, Ule results we 

con&a&ctov. In two orchards, Mt. Newon 

Z - 1995 {Table 171, 

1 - 1992 =0.99; 

result is found respect to cone density. 



The re1aaonsMp between L. wetdental& and cone densjty is also 

. Fur adults, cone densiw was s ant in stx orchmds: Mt. 

Nemon 1 - 1994 (Table llf, . Newon 2 - 1992 (Table 12) and 1994 

(Table 141, W 1 - 1993 (Table 15) and 1995 (Table 17) and 

(Table 20). In cases, cone density values of 3 or 4 had the 

relaaye risk values, more bugs are 

on trees W t l ~  ai. than on trees Mth the Mghesl cone 

a For Kd2, where actual cone numbrs were ob-erf, the relative 

risk: value is > 1.0, fndieatsng that as the number of cones increases, so 

of m&g t. weiden&lis. Fur nmphs, cone density 

in seven orchards: Mt. Nettrton 1 - 1992 (Table 1 

121, 1993 (Table 1 1994 [Table 141, 1 - 
1993 (Table L5) and 199 (Table 171, and - 1995 (Table 20). As 

fir adults, cone densie had the largest 

relative risk values. In only one ia the Mghest cone density 

also have the highest 1 - 1993, Table 15). 

In this case, the base case was the lowest cone densiQ g ( f f W a  

being compared to it. cone densiv rating was 

ant (P=0.091 wMch was due to 

indicaag a great in the data. For K d  1 - 
KaX 2 - 1995, actual cone n u m ~ ~ s  were o 

relame risks f 1.00 and 1-00, respc@vely] h&cate that cone numkrs 

conmbute to mdel but not in a 



hion. If the relative risks had been greater than 1, the relaaonsMp 

ar as he re sag  thte number af cones would tncrease the 

was not the case, the 

densf@ resuits supp& my 

erate instead of 

heav cone crops. 

seed size as mare resources can be &sMbuted to each cane if the 

numkrs are reduced (VVheeler and Jech 1990). That L. mc 

those trees with moderate cone crop may give some insight 

emte shed trees may be 

r trees a d  nat 

er trees are (Borden 1993). The lack ofeompaQ~n for 

e may erate sized trees more amactive to 



trees. This result is counter-Jntuiave as @b&reWs are used in rnmy 

orchads to berewe cone prducaon (Ross et al. 1983) as me mmy 

ods (Ross and Pharis 19 5, Mwler et at. 1985, 

rgeon eC aE. 19943* However, it may be: sible that Mjecaon of 

s may alter the e kWg emeed &om a tree, or, by 

bcreasing the number of cones s d 

size of seed beMg pr&uced or, the Wcreased gibkxe- content in the 

@sues may be delxtme sted (mmdes 19 g 

the other orchards, the relative risk was either very small, ox larger than 

93, npphs,  Table 181, the rela~ve risk could 

set was not we s on trees In 

t, we not enough to b w  my conetusions. 

1 M 2 ,  a fevv other variables were eluded in the 

one seed counts artd yield d were faund to be s cant 

in some years. Seed count was for n p p h s  in both orchards 

4, Table 16 and h had seed 

coun* included e model. Relative risks In cases were high, 

1.48, K& F and -2, g that as the 

acreased, the probabmw of L. 

ased as well, Seed count was not 



s ant for adult. Seed count is a measure of the qualily of the cone 

crop as Imdicated by the numkr of sound seed. Xt would be 

ous for L. oectdenblfs to select those trees Wth a Mgher 

the& fee 

ant mount of 

e seed canten&. Chming trees with m a y  

s. As results 

o*psition which had high f d  resources e for their offspmg, 

could &&ate the eBect of male host 

d out du e data collecticm process. 

W&cator of rt%xxm!es. Yield 

able for only two orchards, 1993 and 1994, Tables 1 

- 1993 are for adults 

that orchard for 

d s-*aa. Yield was not s 

Howwer, in 1994, yield was s 

s, wHh a relative risk of 1.58. W e  adult male L. occ~nalis 

eBects of the adults, it ars that the 

for oepsiaon wMch have adequate food 

resources &a orchards, not 

cone seed count of 1 or 

116 



considered hamestable. All other trees are hasvested but only to have 

the cones deswoyed so as to avoid atbg the orchard with pests 

the succwsf;ve years. The effect of yield is by the data 

own ff the largest fields were &om those 

st numhr of canes. Trees be larger cone crops 

of empty seed due to lack of ation. 

at the majadv of trees er cone numhrs are not 

cluded Sn the yleld data, the relaaonship beween fie occidentalis and 

yield is conslstent with L, occlienhlts choaslrrg trees with a mdemte 

cone crop. 

a for adults and 

nerated to desc 

h are accurate enough to 

tion of insects 

clones. These means were generated using the 

clone and tree charactefls 

from the clone-ody 

aactefis.tScs-ody madeb. The clone-ody model c 

es which were equ 



Figure 12: Estimated and actual mean numbers of L, occidentalis per 

e for Mt. Newon 1 - f 992 and 1994, adults and . Fur clarity, 

is are shown. Nu of clones not 

t ~ :  1992 - ~ ~ 2 ~ l t s  (261 

adults ( f 9) and npphs (221. Base 





Rpre 13: Estimated and actual mean numbers of L. oecidentalis per tree 

2 - 1992, 1993 m d  1994, adults md 

clones nut shorn for eke*: 1992 - adults 

s (14); 1993 - a d ~ l f ~  (34) a d  

(20) m d  e case fndicated by **. 



Adults 





Adults 

Clone 



re 15: Esmated and actual mean numbers of 15. occiden@lis per 

2 - 1993, 1994 and 1995, 
1993 was not su 

r of clones not shown fa each year 

1993 - adults (21): 1994 - adults (18) and s ( 18); 1995 - adults 

d n ~ p h s  (26). Base case indicated 



Adults 

2 

Nymphs 

Clone 



not present these hs as only one set is required to get the point 

across. Mems calculated fkom the trtee-chwctefisties-only model were 

values. These vdues were so 

were esmated as having 

Ratio test [Tables 8, 9) 

charactemt-ics are to hclude in the 

$en& .from the me-chmacte~sacs- 

accumtely preact the actual insect values s 'ts that the clone 

Me is more s ant to the model than the tree ch 

cou at simply hcause there are a 

rs should come as no su 

mmer:  the 



model were similar to the actual means, those &om the tree- 

seiics-mdel were not. It that even with a s 

set where the number of vmables e results me 

To see tfthe c ients had any predcave r, X used 

in one year to pre&ct mem numbers of L. 

nex3 ye=. The results were very , W&camg that 

the results the Poisson regression analysis have no predcave 

er. 





could be used in host selection by L. oecHen&lis and 

could account fur dfsc atfan &Ween host clones. Aeempb to verify 

esis are presented fn Appe 



Chapter 5 

A Wypothetjtcal Decision Model for ost Selection 

at host selection by female t, wctdentialis can 

idered as a multi-step process, invol-g pre- 

the; assessment of ptenad hosts for four key ch~acte~stics: 

clone, cone density, heght, and chalcid Wesweon, Host selectfan based 

order, as we31 as 

e, can be come 

that proped by Borden f 1996) for bark 

based on orchard reseac 

. A more complex and 

would result when ad&aonal factors are considered and hcluded, 

c~tefia, clone is the mast imp  factor [Chapters 1 , 4 ,  

cone densiaes and height, Possibly preferred clones 

source that is low in secondq me 



etical decision tree d & four key choices made 

leawg ts the host. 



C____) Host-seeking 
bugs f--------- 

No Yes 

~ccept 
host 



cones with substanad seeds. Given that trees of approp~ate 

d adequate cone densiw are found, selecag mderate-sized trees 

at cohort (F'igs. 8,91 would increase the able S ~ P P ~  

t also prodde exha ure that wonld promote rapid 

development selemon of trees ox cones Maout 

s 3,4 would pro~de a source 

the &gesBve capaciw of the seed 'bug. 

At m y  of the four critical 

ume host s hhador and 

at m y  adult female 

e decision tree, a semc 

d reserves could 

ded most of mght be quite 

a host for the re 



Part II: Chemical malo 

Introduction. 

comon chmcte~sacs: 1) ey are easily 

the& aEensive odor, gations, 

efensive secretion. 



characterfied (Leal el al. 1993). Given -the variety of habitats and plant 

used by this genus, and ges of mmy species, I 

pher~mone system would fairly s m a  

for related species.. The pro~nsiw 

requisite to the evoluaon of 

uds tn prceimg volaae 

secreaons used by other pxedaaan, md can 

for prdaaon. 

western corxEer seed bug, 

ps of adults and 

are ed dispers 

objecaves were: to capture, isolate, identify and biomsay the 

e of adalts and s ofl, we 

Matedds and Methods 



peak photophase and scotophase temperahres, respectively, and -70% 

R.W. The colony was estabBshed in 1992 and 

collected bugs each summer. Adults were segregated 

one phase of study but nmphs were not, One set of bioassay 

en& was dane bugs ~~Bected Jn the 

Seed Orchmds, B.C. Forest Semce, Tappen, B.6. and Kal 

a, B .C. in mid-S 

Heat;lspce b iwssayf~r  adult and n y v h l  uaiaaes, 

s jars (130 ml) wexe washed and air d prior to use and 

tween repBcates. Two sets each of s were placed in 

e second set of 

e 8  insects was 

d to settle, Using a 

headspace a&, appmx, 0.4 bug equivdents, vvas 

the set of five none d insects a d  hjected into the jar 



s used in headspace bioassays te 

ffs to hadspace s 



Agitated insects 'li.s~ insccl 



either 10 cc of air drawn from the headspace air tn the jar c o n e g  the 

d insects (con&oll or the a?git;ated insects fweabent) and their 

avior was obsemed. In way, m y  insect 

the test insect 

sudden, rapid increase in movemat or aeempte 

beba*or was deemed a negative re 

frepgcatesf of s and nmphs were tested, Cross-over 

x&nents were then conducted using the same bioassay and 15 

ations of adults sed to volatiles 

s &om Iive adults or s were couected on 0 

i[ Waters Associates Inc., , Massachusemf, Wen@-3ve groups of 

d males or females and five of 20 n p p h s  were placed 



0 mesh), with 2-3 ml of double-as 

conceneated under a njbogen SIX- to 1 Inl. A 1 1111 sample of 

alyzed on a HewIe~ Packad, 5830A 

(QC) with a SPLOQO colum (30 m x 0.32 nun ID] 

detector, and on a 

5 colum (30 m x 0.25 

VolaMw were then analyzed by coupled gas chomato@apMc 

elec ograpwc detecfAon (GC-Em) (fm et at. 197 , Gries et al. 

a Hewlea Packard 5890A gas c 

er with a passive law- 

ae was pierced with sx re 

on with pubBshed spectra 

and SWbmoto 19801 and 

of compnen% present in 4be 



extmcb were calculated by c o m m g  area counts with those obtained 

s of ~0~ conc on. 

The conten& of omcic @ a d s  and resewow &om 20 

adult males and 20 femdes axld 

ds of51 n p p h s  were also m d ~ e d .  Source 

hsecb were colrected fiom the colony m d  held at - 15*C for 20 

facaate h a  and m b i t  emssion of pheromone. Insects were 

prwessed in 'batches of 5- 10. The ~ o m w  were excised, m e r s e d  in 

ice, and puhrerized with a glass . The extract 

was sfem& to a vol-ewc wid, d to 300 pl with a forced 

s d placed fn a c s wm1 

ched to a P (as des d 

were then 

was 

d by GC and GC-MS and the mounts of compnents cdculated 

A one-way forced air bioassay was d the 

response of adult bugs to s and blended defensive secreaan volaaes 

16 126 ground glass joint was welded to a glass 

tube 4x3 cm wMch was s 







to a board to prevent it from rolling. The &round glass joint fitted to a 

7 cm long, Wth a vertical prt, 3 em long, wMch served 

smulf. A ruler was to the h a r d  wit31 Q 

e end of the sound glass j adult uras placed 

e 0 ern mark, recorded. The 

tested vvas appBed to le, held by a cork, 

d inse*ed into .the prt  a p p m k s  [Fig. f 81, Room a&, 

by passjng mough water, was blown at 1.5 1lmi.n into the 

over the volatile lus and .the test insect and then 

out &ough the end of the tube. 

were evduated at one bug equ 

li tested were: an 

e adult .thoraxes, a 

each sex were tested in the fall. Ten con&ol insects in each categoq 

ated air. Colony-reaed 'sumer'  

of the s U u B  

ees moved ln 



response to experimental stimuli were compared with distances moved in 

control tests by means of Dumeais one-way test at a=0,05. 

Relid Eirimssags, 

g on cone clusters of western 

la Dougl. ex. D. Don, were located at S 

Seed Qrchmds, They were counted and their ition idenwed usag 

plastic g, Using a small (150 volume) water a t o e e r ,  cone 

clusters were sprayed with a 4 mL penme spray c 

bug eqrtivdenb of s m ~ e a c  d a m  pheromone {adult, 

awent of npphd 

in the field. Six clone clusters were 

away &om the cones, and nu 

g away from the cones were recorded. Only six 

adul% were found on treated cones. The nu of n p p h s  were 

p l e d  for treament f heterogeneiq chi-swae 

3.14 to 14.82, P values mged from 0.17 to 0,98), 

rwpnses compared with the response to control sprays f 

rence between propfions 

Due to the low number of adails In the field say, a iabratov 

t were placed in i n a l  



m m u m g  76 x 61 x 36 cm. Ten adults (mixed sex) were placed on 

d to settle, and Ulen sprayed as with two or 

of spaeQc (adult, nmph or a -re) dami 

pherumune. Ten repBcates of 10 'bugs each were tested for each 

of adula wMch left the see 

asplayed agitated behaMor 

enw smu'if were: c 

using Dumettk one-way lest (cr=0.05) 

i%rcsidx to shbme the vmmces. 

Results Discussi~n 

&es, females and 

males, females and 

s aereofl (Table 2 11. es and females dld 

ite sex, 1C2=0.36, M.54. Volatiles from non- d 

eBcited Ifttle or no respnse. 



Table 2 1: fim behavior responses of adult and nmphdl I;. occidentalis 

t Source: uf 

S 

ales 

s 

S 



Amfgsfs of uolatibs. 

GC, GC-MS, and GC-EAD analyses revealed that: the antemally 

acQve volawes edeed &om d adults and e ed w=iW the 

omck g lad and resenroir were hem&, hew1 acetate, hexmol, 

. 191. The single miem 

s was as [Ef-2-hexenal 

hedptem 

and Stmy 1987). Male and female adnlts prduced the same 

compnenb in appromately the same qua- a d  ratio. Except for 

hepwl acetate and ocw1 acetate, these che are also found 2n three 

L* opposftus a d  L* e 

19751, However, 









I 

EAD 
1 
1 
I 
I 

5 7 9 
Retention Time [min] 



required to aceomdate  their M e m g  release meeh~sm;s.  Adult L. 

their pheromone muugh small gs ir?. the thorax 

n p p h s  refease pheromone &ough 

opemgs in their  aM0-d t s. Hexanal prduced by adults has a 

mperse into the air or conhct a predator prior 

, ff released in a s m m e r ,  would 

m e d a t e @  on exposure to the air. As (E)-2-hexenal is 

probably released onta the surfkce of the tergites, rather than &ec~y 

oclor plume created would prohbQ 

eous plants w%h 

to the ground and easily c h b  back onto 

, wMch have mmy layers of 

the probbav of the n p p h s  re 

damned Is smaller 

ches, but have not been noted as predators of 



eb*uracic glands and the associated resenruir of male and 

ed several hunbed s of pheromone, 

al glads of n p p h s  c ed < 10 pg (Table 22). 

Because only a of this mount, -24% of for adults, -33% 

s (Table 22) was 

capable of re d edssions. However, 

and 45 m3.n rehctory pri&s occurred befare adults md  npphs ,  

ctively, could be provoked to re-emit a#kna pheromone. 1x1 the 

indicate that (El-2-hexendlts 

a. host and return, de 

tn the adults after one emtssion s 

itself %-st mrsistent aHemp& at predatlcm, 

esized for N. vi 





During the CC-EAD analysis at daes of 4 bug equivalents, some 

antemae ceased to respnd 

eaect was observed in Fo 

sive conspeciffcs. In our analysis ~~ L* occfdentaffs, 

the coneen-sons of hay1 acetate and hexanal were probab9 so high 

at there a toac on of oBctory 1x2s 

e*ac&d mhttks. 

A We compnenb of 

pheromone elicited an response by males, femdw and n ~ p h s  in 

eadspace biowsay (Table 23)- Syn 

ubiquitous res se [Table 23). H 

the most abundant c en* in both glmds 

ed adults, and (E)e2~hexend 

response from colony- 

seaeaons in numerous other hemptera and hornoptem [Waterhouse 

d Gillby 1964, McCuBough 1970,1973a and 1973b, h et al. 



Percent 

Test p i a v e  

response 
Insect Source of srnufus 

Synthetic adult blend 

penme 

es Spmetie adult blend 

etic adult blend 

Pen 



figure 21 : Mean distance moved away from adult and nmphal alarm 

pheromone and its componen* by L, occi&naZts reared in colony under 

con&aons or couwted 

ce, Dumett's one-way test, P~0.05, 

con&o1 (prime) M&cated by an stexSsk. 



20 1 
females, fdl 



1978, Axcfrfch et al. 1979b, Everton et al. 1979, Aldricf.1 et al. 1 98&, 

and Story 19871, The &equerzt wcumence of he-& in such 

that it is ,s eeffecGve, broad spe t easily 

sehl far defense. It is a c on 

ts IVfsser et at. 19791, but its 

en insect species (Visser et at. 1979, V&ser 

d Tlfckens et al. 1990, 1992). M&ough be-01, hepQ1 acetate 

arrd wtyl acetate were a t e m a y  active ( . 191, they did not elicit 

bha*or in these bicmssays. I hp&eslze ahat these compounds, 

than he-& a conspecBc 

. There was no evfdence af an a 

e etiz blend. 



n-Wdecane serves as an alarm pheromone at 1.0 bug equivdent and as 

gation pheromone at 0.1 bug equivden&, s khavlur is 

mdadapave, At the lesser prduced c 

hepIt;v1 acetate and wtyl acetate may s e m  as re 

showed a s 

(Table 24). At a dase of 2 bug 

etic n p p h d  pheromone and a 

more eBecave than 

cone clusters. 

e at 4 bug equivdenb caused a 

to that caused by the &-adult mix. At 

the 2 bug equwdent dose, the adult pheromone blend was no more 

effective th e contrd, s that n p p h s  

pheromone &om n p p h s  than &om ahfa. 

away &om the cones, the egect was 

return to the cones 5 





t ramen& tested, fewer than 20% of the nymphs present responded by 

e clusters (Table 24%). DmppWg &om the cones 

would result in t certain escape from an &ate mea t  of 

predaaon, 'but would p t e n a a y  increase the chaces oTf dwiwaQon m d  

predaaon (e.g. by spiders and r d e n e f  while on the forest 

siphon pfsum I .C., were less 

apWds &om Vmcouver, to drop &om their hwt 

respnse to ~~ pheromone (Roitberg and Myers 19?8), This was 

tuIated as a means to avoid desfccaBon in areas, where nd 

con&aons are harsh. 

Its tested on see 

er numkrg of adults to become 

e con&oI eeamenl, but only the adult Mend alone caused adults 

ant eBect. These results M&cate sat, like the 

241, adults are more responsive to the& ow11 pheromone 



of adults responding to synthetic ahnn pheromone 

-way test, P<0,05, e 

d by an wteesk. 



Displaying agitated behavior LaeR seedling 

Adult aim Mend 

2 4 beq Control 2 



of adults leaving the seedling suggests that other indiwtions 

.g. rapid movement and shadows, would be necessary to 

cause adults to depart ( and Barlow 1982). sfx adults tested 

flew away and .the me canes by 

field and the labmtov, adults that left the 

10 tes. Based on these results, I 

pheromone would not 



Chpter 7 

gation Pheromone 

Introduction. 

fall adult 15.. occ@nblis, other core2ds, seek 

sheltered o v e m t e ~ g  sites, When human habiaaon interfaces with 

forests, these sites can include garages, birds' nes.ts (Hussey 1953) a d  

Semces Inc., Berkeley, C 

I& recenay e*ended the eastern 

and has become a cornon household 

199 1; McPhersort et a#. 1990), 

and Kuhm 1987]. Numhrs of 

sects found in or art the homes varlet2 &om less than a dozen to 



heating exhaust parts. I collected 1065 live bugs (608 males and 457 

more dead an the 

, a result of che control by 

able' compmed with what it had been just two weeks before, Far 

flown a considemble 

t is located in. a meadow, 

atch of 6oWers to 

ewed on Yucca 

USDA Forest Service, Athens, 

T;d 

ssus sp. fo-g a 

was in May 1912 (Hu&on 1936f, 

on the Island of Ceylon. 

er ( 1986) dmumentd a gaaon of' ca. 8,000 lder 

mltma@ (Barkrl, In western 

m away &am fee 



are b o r n  to use 

9883. Spcies using 

Mclude: ed bags, Oncopei~fascirttus (Daas) (Aller and CaldweIl 

1979); h v d e m  wosa Motschuls ( I s M w ~ ~  f 976); Pr>cllsus 





re 23: Captures of male and female Leptogbssus 

rent, ScheBe" test, PcO.05. 





MMch et al. 1982, Mcirich et al. 1984b, Gough eC at. 1985, 

1986, Mmch et at. 1993); however the& biolo@eal hncBon 

by other true bugs (MitcheU, 

et at. 1984a, 

1984 md James el at. 1994) bcluwg one other 

uda 1 SEX?), Five similar e ~ m e n b ,  ealch consismg of six 

replicates each of live mdes, females, males and femdes and an 

mber of 1993 and 1994 

men* of 65 bugs (25 females 

suggest that if?L* mci&nhlts 

pheromone. k p  lossus wci&n&lts has a pronounced 

preference, possibly masted by ones, for specific 

hosts in seed orchuds 

prefemed has& be consistent with a close sex pheromone 

sexes had re 

pheromone were 



considerable potential for use in a mass-appMg tactic fS&exslein 198 1, 

Borden 1993) that could replace or supplement chemcaX conbo3s. 



Discussion 

res rise in Ulle 

the end of summer, 

new adults emerge and leave the brood host. An 

g and the cycle re 

A fundmenM dscovery that chmged the d course of my 

research is that me seed s f R a p p p d  and Rques 199 1) (Fig. 

a clond preference in seed orchmds (F3gs. 2- 

preference is based on s physical 

chaactefistics of hosts, such as cone dens$@ md tree height, 

ones, and an s that compete 

resources ;is L. occ 





Chemical and 
physical cues? 

chemical cues? 
AVOIDANC 

OF GHALCIDS 



. 2-4,6- I Of and Poisson regression analysis (Tables 10-201 both 

closed thal the most consistenfly s 

selecaon prwess of L. occrldentafls is clone. abks such as cone 

ce, with preference 

that female L. 

have the most bves-ent in ompmg, using cues emmamg &om female 

str as a means of the qua* of the tree or its 

resources wuufd 

ate cones of Dou 

al Services Inc., Berkeley, C 

ae and Astemceae species 

19921. The blends of an temay 

active volaaes emwed by the female s 

[ I), axid proMde a potential 

preference &urn yeas to year. An enwoment wcupied by a given 

spcies has the cape39 to ch fi-om to year m d  

place ta place (Wis m d  C m p h a  1992). emare, abioac factms 

water stress fntensiw can alter the 'vol of a 



plant, irzcreasing or decreasing its amcaveness to herbivores 

hi et at. 1994). As each tree 

e numerous cfones in a 

year, there would be a few clones pr&ucMg appropdate cues to in&cate 

the& suihbB@ as oMpsiaon sites fox L. wcfdenfalZs. This xanking of 

hosts is consistent with the graded discmaaon and host m&bg 

s insects darscr;ibed by Rausher 1 lSl83], Clonal 

ferences would 

198'7, Maddax and Root 1987, Sacchi et al. 1988, Qumg and 

Butte 1994). 



(Tables 3,4). The presence of one herbivore in the same tissue that is 

requfred by another should have a negaave effect on the smond species 

1983). SmpWg by probmg 

erein for the prsenee of M. s p  

sib@ 20 min per cone), would e adult L;. oecidentafis to ptemaal 

predators such vespid wasp fSachez and Crenmo 1992) and spiders, 

would requwe a su ouQut of enera to 

and into a seed, a d  would demmd either a sensiave p s a t o ~  

capabB@ or some other mems to detect ehdcid lmae 

Less costly dternaaves would be the detection of 

tissues as is plants where herbivore-Mduced vdatiles 

Wested seeds by 

V&eck detects host 

(mcbersan and Borden 1972). In 

for L, occi&n.talis adults if they lack the e capaciw to digest 

n&f& would be 

rather than a faculhave herbivore 

978, Rubrson et al. 19861, and the mpact of L. 

hus on seed ucBon waald 



etical decision-tree in which L, occidentalis adults rnake 

lead to the refeceon of unsuiable hosts has been 

1. At each step, adult I, netis must choose to 

accept or reject a host based on clone, cone densiw, 

sbaon. Should any of these s not 

adult would sMply leave the host and conaue s 

encounte~g mother potenQ@y accepable host, the four key decisions 

would ?x hced, and the host would accepted or rejected. 

, pmsumabw to su 

a Insects, h a a g  a 

that tepwbssus spp. axe 

respnsible for conelet abMon [DeB and E M  1974, DeBm m a  

19753: however, I have not observed seed bugs fee 

that tep bssus spp. may cause conelet 

ewaaon of adnlts fee ate Bowers 



may indicate that in times of low cone crops seed 

o m  source of protew, to su themselves ($3 

-prduced sex pheromone but none of my 

eedence to suppfi thls men% (Appn& 2). 1 hpmesize that 

fe-e L. occfdentzzlts produce a sex pheromone, but only selecting a 

suiable host, and that this mechmsm reduces the chances for females 

load but no suitable host an wMch to 

s the 

two weeks at >20•‹, 

the 

ce of npphs.  New@-emerged npphs an the cones 



1965, IS 1976, Wanis and Todd 198 1, 

and Story 1986, Pavis ef at. 1994). 

adule and nmphs of L. wcfdentalb are prone to predaaon. 

no document& predators or ites of I&& species, 1 

ewed npphs b a g  fed on by spid g fed on 

wasps. Birds have been r e p ~ d  as mjor predators of L. 

oeclden&lts in seed orchards (L, Seed Orch&s, 

B.C., perfs. corn,). of kpwlossus  have 

an egg parasite (Smchez and Genaa 199 , MitcheB and 

Mitchefx 1986). 

ced by L. zomtw 

s phemmone (Tables 2 1, 23). It is 

pheromones as prey-Wmg kaomones, as do predatom of other 

s (Teerhg el al. 19931. 

In prepmatcon for ove , adult L. 

e seed orchard. I have obsemed 



the ground and flying spmdiay  in the . ~n dl cases, they were 

momg from Mgher to Zower elevaaons and leamg their food source. In 

aaon, 'they were momg from Ule forest magm 

g in and around a mmufacbmg plant in 

e mwsh area of the Creston Valley. In 

a nuSsmee. D e p m r e  from their 

adulb is consis-t w-ith obsemaons of the Colorado p h t o  

etle (Hare 19831 and other species that are adapted to the seasonal 

bducaon of ove 

s wMch are c me mediated 

1, the first demons 

gation pheromones c 

me the location of feeding and s h e l t e ~ g  sites in bseet ppu1aBons 

(Borden f 993). Emplopent of such a pheromone in L, occidenwlis 

would enable pheromone- cing jnsects to attract others as a source 

of me heat a d  as phys ers to the enmomeat during the 

would be spared the necessity of f i m g  

us occfdenbtls enters a state of 

to ather coreids, this 



condition may be required prior to reprducaon in the s~~~ (Nechols 

not been observed 

- c o w e d  femdw, f found more females 

their ovarioles or s 

There are still many unmswered questions to the Me 

biology of L. occidk lis. While my xesemch 

ch more is yet to be ascovered 



1 

Potential of Host Selection - 

Btoasmgs. 

mesh conelets were Md-coUIect:ed fkom prefened clones no. 3 1-43, 

d 3 153 and non-pxefemed 

NeMon 2 on 22 April 1994. They were tested a few days using a 

g a conelet was aserted into 

-covered via3 of water. Four @oup of 10 male or f 0 

conelet were scored as itive respndexs. The box was wmhed with 

hot soapy water en repacates. 



3 I88 &om Mt. Newton 2 on 18 April 1994, stored at 4•‹C for up to 2 days, 

d tested in a Wechoice Wtube r (Fig. 1.1) held at 25•‹C and 

Four cones &om a tree were tested st four cones 

a. non-pwfemed tree. 

2 7  x 28 cm, Bf.%ed 

was p n e d  at 2.5 Lf 

s (3"'-5* instar) were tested 



re 1, I : Y-tube uEaciumeter used for testing 

to 





were used. Injectton and detector tempmhres were 260 and 270•‹C 

ed by compmg area counts 

For analysis by means of gas-ehomat 

detection (GC-lEAD) (fm et at. 1975, Gries et al. 

Packad 5890A gas chrorrrat and a custom built 

r with a passive low-pass and a cutoff frequency of f 0 kHz. 

; the exposed nerve 

of the mtemae was pierced with 

compunds were analyzed by 

coupled GC-mass spcQ0scopy (NIS) using a Hewlea Packad 59858 GC 

d with a fused silica 130 rrr x 0.25 ID) DB-5 colum tn full- 

scan and selecaon ion 



Analysts of Steam-dts8lled Volaiflles. 

Conelets were -collected in April, 1994 and 1995 from 

prefened a d  n~n~prefened clones fouows: prefemed clones nos. 

3143,3153 a d  3177 22, 1994 and Apfl8.2 

; non-prefened clones mas, 3 f 05,308 1 

19, 21, and 18, 1995; 

d water in a blender, placed in a 1 t round bottomed 

flask and s t em distilled with 20 mL hexme for 5 h. Disaates were 

med Nth Na$3O4, transferred to pre vials md evaporated 

essential oil under M&ogen. were then re-weighed to 

e the qumaw of oil . SoTuaons af 1 mg oil/ 1 

and L Bower hemme were e and stored 

mdped  by GC, G rcent 

c itiuns for active volatiles in pre&med and nun- 

prefemed clones were c o m ~ e d  by t-tests, a=0.05. 

Headspace cted from Ule coneleb ( 

atenburger f 988, Lou ef at. 1990, Rokwon et at. 1993, 

Buchhuer et at, 1994 a d  en et at. 19941, Plastic 

, were placed over tihe tip of branches 4-6 coneleb, ~~ the 

lids used to secure the c was 



re 1.2: s used in the field to 4x3 

&om eoneleb at Mt, Nevvton in 1 





puUled with. a suction pump at 1 t h i n  through a chamber and a 

Q trap (8 em long x 8 rnm 0.D.). Each was posittoned 

eat% md Irr close to the conelea being aerated. Volatiles 

enclosed conelets for 6-8 h. be 

rs reached lS•‹C, the te 

beglrts to fly both irt the colony 

obs.1, and the temwramre at wMeh v d  me more likely to be 

secreted (Jeobsen a d  OXsen 19949. Temprahres flucfuated 

moughout the day, but were fairly consistent 'between days during the 

4-25 April, 1995 co1lection . VoIatiles were coaected &om preferred 

3148,3177, and 3153 on April 6,8 

d clones nos. 3188,3105, 

e trees per clone were s 

d 3 105 wMch had 

year. For on, one coUection of volaaes was made as 

e kom each tree. Captured volatiles wen eluted with 

GC as above to evaluate 

clone Merences were not found, 

d, concenbated under atfogen to 1 flower-h/ 2 pL, 

says (20 bugs of each sex tested shglyj were 

conducted as clones tested s at a dose of 1 flower-h/2 



pL against a bid, or as paired preferred us. non-prefened 

ecl on quma@ of oil c 

. Any insect not a 

. was deemed a non-respnder and was dfscarded, 

cuaected .tn ufoo, as 

say. 'X'wo sets of 

of prefened and non-prefemed clones and dl clones 

st a blank of e. For each e w m e n t  20 

repBates of males and females were tested &mdudy.  Respnse data, 

compmed ta 

squme, a=0.05. 

Results 

weak evidence labmtom biomsays 

L, occiden&;lts were capable of dis &Ween clones that were 

prefemed or not preferred in the s consistenay selected 

femed clone no. 3 153 over ntm-prefemed clones in the static-air 

bioassay [Table 1.1). In one bioassay, males also selected clone no. 3 153 

aver a non-prefened clone. However; selected two non- 

1881 over prefemed clone no. 3 143. Clone 3 143 

ct ference af . Given a four chow 





situaaon, f e d e s  chose the preferred clones while males showed no 

ference. 

0-chuice Y4ube oEactometer, neimer ales nor females 

were cted to folfge or mamre cones fkom femed or: nun- 

referred clones (~;~=0.69, fi0.05). Response s 

caphred Itn utw and tested 

Femaes more often chose the Y-tube arm treated with vuXaWes &om 

femd clones nos. 3153 and 3177, but this was not s 

and 18, x2 = 3.13, 3.56, P=0.07 and 0.06, clones 3153 

volaaw (prefemed vs. non-prefemed clones) 

prefemed done no. 3 143 

tly more am its non-prefened clone in-20, x2 = 5, 

P=0.025). Clone 3 153 was &equently chosen bat not 

(n=20, g"3.2, PE0.07). Males were ume ive to capbred volatlles 

&om any clone, a g eonsrtstent with other research ( s and 





of Douglas-& conelets (Table 1.3). A fevv c o m ~ u d s  were 

greater relatrve moun* in conelet asmates 

-prefemed clones. Most notable mong these 

es: p-pheUm&ene and em (Table 1-31, 

d qttatihavely and 

ly &om those coaected by s (Tatsuka et al. 

19901, but c ed no ad&aonaZ atemay-ac-tive compounds nor did 

they disclose any fixmer en preferred and non- 

preferred clones, 

The of e coneleb or captured 

s from conelets of preferred over non- 

oassays (Tables, 1.1 ) 

d non-prefemed clones occurs at: le 

sible basis for ation could lie in ratios of a few 

compounds, e.g. p-phe e (Table 1.31, ff not in the 

absolute nts of wulaaes produced (Table 1.2). C 





f e e d  u Nan-prefened clones 

0.09 5 0. 0.04 ;: 0.01 

22.64 0.29 a 0.10 0.10 + 0.00 
22.87 0.40 1: 0,18 0.58 .c 0.54 

23.13 0.5 f a 0.08 .32 a 0.08 

23.57 0.26 1: 0.05 0.33 1 0.03 

terfsks frcldttcate s 
p~femed clones, t-test, Pc0.05. 



Neiaer maare cones nor 8 

consbtent mm es use the odors 

&om coneleb at: the time when they are open for poWaaon to select 

trees for oapsiti 

on the basis of their s 

of the tree were 

es would be able to d 



Females were more responsive than males to the host vaf.ames, A 

en show for the c seed 

ms 19923. As 

in an orchard up lo two weeks m&es 

e oHgbat host choice. This is 

skate@ that ensures that fe oMpsit in the 

habiat for their prageny. Because L. mcidendalls is a 

s*ong flyer capable of lbravehg s Mometers [Schowdter 1 984) 

femdes should have the capacity to survey a large section of 

sible hosts from the wide 

neiaer chmcteriszics 

seleeeaan process of L. occi&nta 

d. The number of documented cases of insects u 

oHactoq and visual cues for host selection is and includes: 

es 1987); apple 

Bokopy 1992 and 1993); shed plant bugs, Lggus limotaris [P. de 

apple sawfly? Hop 

apMds ( R c k e ~  et 

more than one 



host selection by L, occfdentnlis and other insects may not &ways be 

ed on a single s ~ u l u s ~  e.& visual cues, 



Introduction 

any insect species pr&uce and sac phemmones f Jacobson 

tein 198 1, Bailey 199 1). In most documented cases females 

uce the sex pheromone and ct males (Jacobson 1972, Kuenen 

et at. 1994). Sex pheromones in the Hemptera have proven 

demons , chdengbg to Isolate and id and inicunveMent to 

on a 1982, CmphB et at. 

1990, S et al. 199 1, ll et at. 1993, Sm& et al, 1 

etic sex pheromone for the 

used effecavely to moator pest 1aQons [McBrlen et 

al. 1994), and shows proase fur use in pheromone-baed 45 
mption (McBfien et aZ, 6 1. 'There is nu dmumented e~dence for a 

pheromone in any k p  sas spp. Herein I ague, suppded by 

some e*dence, in favor of a fern&@-prduced sex pheromone, 

ethods and Results 



a alongside a trap. Five e q m e n t s ,  each consisting of 

six repficates each of live s, females, 

u d control, were conducted du 

1994 in two Z)ougl=-.& orchards in B.C., 

pine, and pnderosa pine, Rms 

Traps were check:& every two 

en& and dead 

replaced Wth live ones as Wed. Live insects were 

colony or cau &urn mother field site. The curnu 

ents was $5 bugs (25 females and 40 males) in 98 trap days, 

ing: caught equally in all 

males to fitre *gin 

e was placed in a small glass ch screened sides in 

of the uUctometer, and the other was unbated. One 

femde served as the test s . Wen@-flve indivfdual 

es moved up the 

sk entered the 



was obtained of the courtship behavior of s& 

ult males were classed as 

to obseme GOU 

adult female was placed in a plastic Pe 

female a d  g in her direction. Once three-five 

eters of the female he would stop. If not a?xeady facing the male, 

e female would tunn towards 

e moved away at t and reh;lmed iri a few 

tes. In same cases, a approach foHowed by 

back. If the mount copulate fur several 

utes. Unsuccess~l aaernp* resulted in 

&om the male. The en move towards the fe 

e-five cenmeters away. tes, the female 

toward the male arid apprach. 

be a.t.tempted. If unsuwessful, the above sequence would be repeated, 

ared to have .the choice of whe*er mounmg would 



esis, I used the Y-tube offactometer 

rs and at0 the Y-tube arms. 

femdes were u 

chose the stimulus; the remainder, 5 maes and 5 females, chose the 

control. Same insects behaved in an excited m-er possibly 

recoflaon of er insect being present. 

of obewafions. 

source, I re-aeempied the U-tube bioassay using 

water-aed vial, 

eneace of the arm but most evenady entered e unb&ied control 



Discussion 

Several obsemaaons su t that it is most adaptive for female L. 

Ets to prduce a sex pheromone. Females are the &st to arrive 

, are more respnsive prefemed clones, and 

thus would most likely 

release a sex pheromone after s hast* Because males 

able to select suitable ition hosts, it would 

s if mate flmling were mediated by a femde-prdueed sex 

pheromone, The d field experiments s t that if females do 

uce a pheromone, contact with the hast is xequ&ed prior to e m m g  

g a ~ o n  pheromones 

19831, of these 

emaaons are consis ce a 

sex pheromone. 
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