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Scanning electron micrograph of the head and thorax of a

male Trypodendron lineatum. Photo: V. Bourne.
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ABSTRACT
Experiments assessed the use of the pheromones lineatin,
() -sulcatol, and S-(+)-sulcatol in management of the ambrosia

beetles Trypodendron lipeatum (Clivier), Gnathotrichus sulcatus

(LeConte),‘ana Ge retusus (LeConte), respectively.

In a t2-week experiment pheromone-baiteé and blank
untreated trap logs were as efficient as pheromone-baited sticky
traps for T, lineatum up to 4 weeks, whereafter they were
inferior to sticky traps. Overall, phercmone-baited traps were
more efficient than all logs for male G, retusus, or blank iogs
for T. lineatum, and equal to logs for male G. sulcatus.

Pheromone-baited sticky traps were superior to
lindane-treated, pheromone-baited trap logs throughout another
12-vweek experiment for female G. sulcatus, after 4 weeks fof T.
lineatum and male G, sulcatus, but only for 4 weeks in
mid-experiment for G. retusus. Overall, traps were superior to
lindane-treated logs for G. sulcatus, whereas there was>no
difference for the other 2Z species.

A newly designed multiple funnel trap compared favorably in
performance to sticky traps and Scandinavian drainpipe trapse.
Sticky vane traps were more efficient than 3 other trap types
for I, lipeatus and S, retusus. For G, sulcatus the multiple

funnel trap was more efficient than a sticky cylinder trap, but

not better than vane or Scandinavian drainpipe trapse. Placement
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of baits in the lower half of drainpipe traps increased their
responding equally to funnei and drainpipe traps releasing
iineatin at 40 pg/2dh and te traps releasing lineatin at 190
MG/24h, but with & nearby dispenser releasing the pﬁeromone at
30 pg/24h. In late April traps placed 15 - 25 m inside the
forest margin caught more T. lineatur than traps at the margin.
The populations of all 3 species were surveyed by trapping
and/or overwintering samples in 4 drvland sorting areas. #ass
trapping at Sooke, B.C., for 2 years did not appear to affect
the populations of any species, despite catches of over 2.8
million beetles in 1981. Therefore pheromone-based management

must be integrated with rigorous log management.
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R. INTRODUCTION

BIOLOGY
Ambrosia beetles are wceodboring Coleoptera belonging to
the families Platypodidae, Scolytidae, and Lymexilidae (Baker
1963). The name "ambrosia beetle" refers to their symbiotic
association with certain fungi; the Yambrosia' upon which larvae
and young adults feed (Baker 1963). These fungi may be
relatively little specialized, e.g. Ceratocystis spp., which are
similar to blue-stain fungi occurring with many bark beetles

(Kkrebill 1975) but are ambrosial in the galleries of

Gnathotricnus sulcatus (LeConte) (Doanre and Gilliland 1929;

Baker 1963), or highly specialized such as HKonilia ferruginea

Mathiesen-Kaarik, which occuors in galleries of ggiggggggggg
lineatum (Olivier) (Mathiesen-Kaarik 1953, baker 1963} . Of the
16 species of ambrosia beetles found in Restern'Cahaﬁa‘(Table
1), only 3 are of economic significance in British Columbia.
distribution (Lekander et al. 1977). It is by far the most
abundant species in B.C., and has been the subject of extensive
study (Nijholt 1979). Its lifecycle is cutlined in Pig. 1« In
coastal Eritish Columbia T. lineatum overwinter in duff or bark

.t S e e i e . e .

in the forest margin near brood logs in which they were reared



TABLE I. Ambrosia beetles found in British Columbia. (Compiled from

Bright 1976; Furniss and Carolin 1977).

FAMILY SPECIES HOST TREES

PLATYPODIDAE Platypus wilsoni Swaine Abies spp., western hemlock,
Douglas-fir, occasionally
other conifers

SCOLYTIDAE Gnathotrichus retusus Alnus spp., probably most
(LeConte) conifers in its range
G. sulcatus (LeConte) Probably all conifers in

its range

Monarthrum scutellare Quercus spp.

(LeConte)

Trypodendron betulae Betula spp.

Swaine

T. lineatum (Olivier) All conifers in its range,

Alnus spp., Betula spp.

T. retusum (LeConte) Populus spp., Picea spp.
T. rufitarsus (Kirby) Picea spp., Pinus spp.,

probably other conifers

Xyleborus dispar Probably all deciduous

(Fabricius) trees
X. saxeseni (Ratzeburg) Various deciduous species,

Pinus spp., western
hemlock, Douglas~fir




Fige 1. Schematic lifecycle of T
coastal British Celumbia.

lineatum (Clivier) in



Young beetles orient
to forest margin. Not

responsive to aggre-
/////"' gation pheromone.

Brood beetles begin to emerge

9-10 weeks after initial

attack. Main emergence in

June-July. , Overwinter in duff on
forest floor, old stumps,
and bark of live trees.

Males produce antiaggrega-
tion pheromone preventing

overcrowding.

Emergence from overwin-
Brood established if tering habitat, flight
conditions in sapwood and dispersal occur from
suitable for ambrosia March-June. Flying adults
fungus. capable of responding to

the aggregation pheromone
4,6,6,-lineatin. Mass
trapping possible.

Unmated females
reemerge, as do
Brood galleries - adults of both

excavated. sexes, from \

itable logs. . . s
unsuitable log Pioneer females initiate

attack on logs (any coni-
fer and some hardwoods)
felled previous fall or
winter (particularly
October-December).

Females and males attracted /

to log odors and pheromone
produced by first-attacking
females. Mating occurs
outside gallery entrance.

wsss Respond to aggregation pheromone

-~  Not responding to aggregation pheromone
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(Kinghorn and Chapman 155%). In late March throuch June they
emerge ant embark on a brief dispersal flight (Graham 1959;
Chapman and Nijholt 1980). Kecently dead trees or logs felled
the previous winter are attacked by pioneer females (Chapman
1961; Christiansen and Saether 1966; Annila et al. f972). These
females produce an aggregation pheromone, racemic 4,6,6,lineatin
(3,3,7-trimethyl-2,9-dioxatricyclo {3¢3.1.047] nonane) (Borden
et al. 1968, 1979). This phercmone, referred to as lineatin,
attracts both sexes to the brooé log. Mating océurs outside the
gallery entrance (Nijholt 1978), and g¢allery construction is
usually completed in about 3 weeks (Prebble and Graham 1957). In
B.C. oviposition commences in the first 2 weeks of gallery
construction, e¢ggs hatch after about 10 days, and brood
emergence pegins about 9-10 weeks after initial attack (Hadorn
1933; Prebble and Graham 1957). The main brood emergence
continues through July (Shore et al., 1981) whereafter very few
beetles emerge. Brood beetles do not respond to the aggregation
pheromone (W.W. Nijholt!, unpubl. data), but flj té
overwintering sites (Prebble andé Graham 1957; Chapman and
Kinghorn 1958). Parent beetles in unsuitable logs may réemerge
and attack new logs (Chapman and Kinghorm 1958). Some parent
beetles survive to overwinter a second year (Dyer 1961).

Ge sulcatus is less abdndant than T. lineatum, but may
”constitute a more severe problem due to its habits. (Fig. 2) All

life stages overwinter in the logs, (Chamberlin 1939; Prebble



and Graham 1957) and parent beetles resume gallery construction
whenever asbient temperatures are suitable. In the southern
coastal area of B.C., flight begins approximately 2 weeks later
than that of T, lineatum (Prebble ané Graham 1957). Pioneer
males attack logs 2 weeks to Z years after felling (Mathers
1935), and produce the aggregation phercomone (%) -sulcatol
(6-methyl-5-hepten-2-0l) (Byrne et al. 1974) which attracts
males and females to the log. After mating, females take over
construction of the gallery (Doane and Gilliland 1929; Frebble
and Graham 1957), and egg leying commences. Brood from eqggs laid
in midsummer do not emerge until the following sprinq (Prebble
and Graham 1957). Brood beetles emerging in late summer and
fall, when a second major flight occurs, respond to the
aggregation pheromonz2, attack new logs, and establish brood. A
gallery may be extended for a year or more if the conditions for

ambrosia fungi are suitable (Prebble and Grakam 1957).

The 1life history of Gnathotrichus retusus (LeConte) is

Rudinsky and Schneider 1969). In Eritish Columbia G. retususg

flies in late spring, with minimal activity in Bugust through

Septembher. G. retusus appears to prefer a drier habitat than G.

—— S S . o v— . e

sulcatus (J.H. EBEordenZ?,pers COmMe} .

o o . . e e



Fig. 2. Schematic lifecycle of G. sulcatus (LeConte) in
Coastal British Columbia.



Brood established
if conditions in
sapwood suitable
for ambrosia
fungus. Penetrate
deeper than

T. lineatum.

Brood (and parent
adult ?)
emergence.

Fall flight in
August-October.

il Respond to aggregation pheromone

A

Galleries extended

for a year or more.

Brood galleries
excavated.

All stages
except eggs
overwinter in
galleries.

y

Adults resume
gallery constr-
uction and
larvae feed if
temperature is
sufficiently

high, l

Brood emergence,
flight and dis~
persal commence

Females and
males attracted
to log odors
and pheromone
produced by
first-attacking
males. Mating
occurs.

Unmated males

reemerge,
do adults

both sexes
from unsuit-
able logs.

Pioneer males initiate
attack on conifer logs
felled up to 2 years

previously.

——»> Not responding to aggregation pheromone
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in April, con-

tinue through

as October. Flying

of adults capable
of responding to

aggregation

pheromone (+)-~

sulcatol. Mass
" trapping

possible.
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DAMAGE AKD MANAGEMENT

A1l 3 species attack timber and lumber in the Pacific
Northwest (Nijholt 1978). Conseguent economic losses are lue to
degrade of lumber and plywcod veneer and export restrictions
(BcBride and XKinghorn 1960; Lobie 1978) . The trend from water to
dryland sorting and storing has accentuated the problem (Nijholt
1978) . Damage may occur at 3 distinct levels as logs are moved
from logging sites, through sorting areas to sawmills (Fige. 3) .

Borden and Mclean (1981) outlined 3 principal strategies of
ambrosia beetle management: 1) habitat manaqementi(e.q. rapid
inventory turnover before the product is attacked), 2)
protection of the product, and 3) suppression of besetle
populationse. The possible management coptioms as outlined in Fig.
3 are only ovtilized to & limited extent. Kapid movement of
vulnerable logs and lumber is practiced to the extent that
logging operations, weather, mill capacity, market conditions,
and labor disputes will allow. The practice of ﬁroiecting log
boomns and decks by application of lindane (Graham and Webb i952;
Graham 1953; Richmond 1961) was discontinued due to
environmental considerations (Finegan 1967; Richmond and
Nijholt 1972). The only current protection measure in dryland
sorting areas is watser misting of valuable log decks (Richmoﬁd
andfﬂithlt 1972), and the use of trap bundles, i.e. pulp logs

placed so as to absorb maximum attack, whereafter they can be



Fig. 3. Flow chart outlining ambrosia beetle activity andé
their potential management.
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transported to a pulp mill and destroyed in a chipper.
Repellents, such as turpentine (Nijholt 1973a) and pine oil
(8Nijholt 1980b) have been tested, but are not used
operationally, whereas phercmcone-baited traps have been utilized
against G. sulcatus in a commercial sawmill (ﬁcLean‘an& Eorden
1979) «

Utilization of pheromones to contain bark beetles in
already infested areas to prevent new attacks has been

successful for the southern pine beetle, Dendroctonus frontalis

Zimmermann (Richerson et al. 1960). Similar technigues utilizing
pheromone-baited traps or stumps (HclLean and Borden 1975) should
be tried in logging areas to minimize the spread of ambrosia

beetles to new sites (Fig. 3).

iy cbjectives were: 1) to develop new trapping technigues
utilizing synthetic aggregation pheromones against all 3
species, 2) evaluats these techniques in comparisoh with those
already existing, and 3) to desigr an optimal scheme for maés
trapping all 3 species of ambrosia beetle in dryland softing

areas (drylamd sorts) in British Columbiae.



B EVALUATION OF TWO TRAP LOG TECHNIQUES
FOR AMBROSIR BEETLES IN TIMBER PROCESSING AREAS

ON VANCOUVER ISLAND

Control of ambrosia beetles has been attempted by utilizing
trap bundles. These are pulp or cull log bundles placed around
the periphery of the sort tc intercept T. linecatum as they
emerge from overwintering sites in the surrounding forest
margine. An experimental evaluation of the efficacy of trap
bundles has not been made.

5colytid beetles orient toc their host in response to visual
stimuli, to host specific chemicals (primary attraction), and to
species specific aggregation pheromones alone or in combination
with primary attractants (secondary attraction) (Borden 1977,
1982) &

The successful isolation, identification, synthesis and
field testing of (%)-sulcatol, the G. sulcatus égqfegaticn
pheromone (Byrne et al. 1974), led to the operational
suppression of this species at a commercial sawmill, using
pheromone-baited sticky traps (Kclean and Borden 1977a, 1979).
Logs and stumps, baited with pheromone, were evaluated as
potential suppression toolsvfor field populations of G. gg;géggg
(cLean and Borden 1977b). A comparative study of

pheromone-baited trap logs and traps was never undertaken,

i3



however. The recent availability of lineatin and S~ (+)-sulcatol,
the aggregation pheromones, respectively, of T. lineatum (Borden
et al. 1979), and G. retusus (Borden et al. 1980a), and the
demonstratzd potential of pheromone-baited trap logs for
controlling some scolytid beetles (Heath 1981), havé made such a
study for all 3 species of ambrosia beetles possible.

My objective was to evaluate the relative efficacy of
lindane-treated or untreated trap lcgs (logs), against that of
sticky traps (traps) for managing ambrosia beetle populations in

dryland sorts.

MATERKIALS AND METHODS

The experiments were carried out at a drylanad sort of
MacMillan-Bloedel Ltd., Shawnigan #Wocdlands Division, near
bDuncan, on the east coast of Vancouver Island, B.C. The area
perimeter is ca. 1 km and it is meinly surroanded by 2nd growth
coniferous forest about 45 years old. Over 272,000-m3 of timber

.are processed annually through the sort.
Experiment 1
This experiment compared untreated logs to sticky traps,

and was conducted between March 15 and June 7, 1979. Forty-eight

Douglas-fir, Pseudotsuga menziesii (KMirb.) Franco, logs (X

14



length = 469 cm, range = 360 - 540 cm; X diam = 27.9 cm, range =
19.8 - 39.9 cm) were obtained from a November 1978 cutting in a
2nd growth stand infested by the root rot, Fhellinus (=Poria)
weirii (Murr.) Gilbertscen. This cutting date ensured that the

logs were properly aged, and therefore, suitable fof infestation
were placed around the periphery of the sort on Feb. 8 and 9,
1979.

Cylindrical hardware cloth traps (Byrne et al. 1974),
coated with Stikem Special (Michel and Pelton, Ltd.,
Emeryville, Calif.), were set up on Mar. 15. In a randomized
block design, each of 24 plots arocund the forest margin was
randomly assigned pheromone for 1 species of ambrosia beetle.
Three plots, 1 for each species of beetle, made up a block, for
a total of 8 replicates/species. Each plot had 2 logs and 2
traps placed as in Fig. 4. One trap and 1 log were randomly
chosen for pheromone baiting, the other trap and log left
unbaited as blank controls. Blank traps were uséd ﬁo record
background flight. The minimum distance between plots was 35 me

Lineatin was released from 4 Conrel fibers (Albany‘
International Co., Needham, Mass.) (aperture diame = 02 mm) at
a rate of 8-10 ug/fiber/24h3 (H.D. Pierce, Jr.“,unpublished
data). (2)-Sulcatol and g-(#)~sulcatol were released from open
glass vials (aperture diam. = & mm) at a release rate of 4.9

mg/day (ficlean 1976). These were complemented by the synergistic

15



Fige 4. biagram of plot layout for Experiment 1.
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primary attractants (borden et al. 1980c) (z)-o-pinene (Rlidrich
Chemical Coe«, Inc., Milwaukee, Wis.) which was released from an
open glass vial (aperture diam. = 8 mm) at 40 mg/day, and 95%
ethanol releasesd from a plastic bottle with 1 hole (diam. = 3
mm) érilied in £he cap, giving a celeasé rate of 200‘mg/éay. The
baits were taped to the central support pole ca. 20 cm from the
top of the 46 cm high wire mesh cylimder of the traps, or were
affixed to a large spike, with a 100 cm? plastic rain cover, at
the midpoint of the logs (Fig. 5).

Captured beetles were removed from sticky traps in hot -
Shell Household Solvent (Shell Chemical Co., Ltd.). This
procedure was done biweekly until the onset of major f£licht on
kpr. 26, and thereafter weekly until termination of the
experiment on June 7. Beetles were kept in solvent until counted
and their sex determined.

Fresh attacks in ten, 20 X 20 cm scguares (Fig. 5) in 5
positions (1 m apart) on both sides of each log (Fig. 6) were
counted biweekly and marked with pins. Total atiack was
extrapolated from the sample squares to the total surface of the
log. At the terﬁination of the experiment, 2 discs, ca.'10 cm
thick, were cut from each of the 5 positions on each log. The
bark on the discs was removed and attacks were recorded in top,
side, and bottom guadrants, respectively, to obtain a wmore |
accurate estimate. Total attack was again extrapoclated. The

estigates from pinning of attacks were corrected by dividing by

18



the ratio between the totel estimated from pinning attacks over
the total estimated from counting attacks on log discs.

Attack density and brood production of T. lineatum are
higher in logs from fast growing than slow growing trees (Dyer
and Chapman 1964; Chapman and Dyer 1969). Therefore; log diam.
and sapwood depth vere measured to determine if these parameters
would be useful in identifying susceptible logs for use in trap
bundles.

Species differentiation of galleries was achieved by use of
2 probes (diam. = 1.U8 mm and 1.29 mm). Based on earlier data
(Kinghorn 1957; KclLean and Borden 1977a), holes 1.&6 mm and
than 1.29 mm by G. sulcatus, and holes between 1.29 and 1.47 nnm

by G. Letusus . Accuracy was determined by dissection of 8, &,

and G. retusus, respectively.

The data on catch and estimated number of attacks were
transformed as [x' = 1logi0(x + 1) ] before factofiai analysis of
variance (factors attractant, trapping device, and block) aﬂd
the Newman—~Keuls Test (P<0.05). The relation between atfack
density, andylog diam. and sapwcod depth was analyzed by

ﬁultiple regression. The criterion for selectinyg the best

equation was the value of the coefficient of correlation.

19



Fige 5-7. Experimental setup and assessment for trap log
experiments. did-section of log in Experiment 1 showing 20 X 20
cm sample sgquare, and sulcatol and synergist dispenser (Fige. 5).
Counting anbrosia beetle attacks in sample squares (Fig. 6).
Lindane-treated trap log in collecting trouagh in Experiment 2
(Fig. 7).
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Experiment 2

This experiment compared lindane-treated logs with sticky
traps, and was conducted between Apr. 15 and July 9, 1980. Logs
were obtained from a stand of vigeocrous, secomnd ¢growth
Douglas-fir logged in Jan. 1980.'Twenty-eight, 1«5 m long bolts
(x diam. = 27.1 cm, range = 21 - 31 cm) were sprayed
individually to runoff with a 0.5% agueocus suspension of lindane
(Isotox 25 #WP, Ortho Agricultural Chemicals, Ltd., Vancouver,
B.C.), using a hand pressurized back pack sprayer (Solo Knapsack
sprayer 425, Solo Kleinmotoren, GmbH, 7032 Sindelfingen,
H.Germany). The bolts were placec around the dryland sort in 1.7
m-long collecting troughs (Fig. 7) made from halves of 200 liter
steel drums, welded together 2nd to end. All troughs were
painted with Tremclad orenge, rust-resistant paint (Tremco
[Canada ] Ltd., Toronto, Ontario)e.

A totalrof 7 completely randomized blocks were set up, each
containing 8 treatments: 3 cylindrical wire mesh siicky traps
and 3 lindane-treated trap logs, each baited with pheromone'for
1 species of ambrosia beetle, and 1 trap ané 1 log unbaited as
blank controls. Baiting of traps and logs was docne on Apr. 15,
1980. The minimum distance between treatments was 40 m.

Lineatin was released as in Experiment 1. The sulcatsls\
were reileased from open vials (aperture diam. = 4 mm), at a

release rate of 1 mg/day. Ethanol was released frowm an open
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nalgene bottle (aperture diam. = 12 mm), at 1 g/day (Bordéen et
al. 1981b), and «-pinene as previously described. Baits were
placed in traps and on logs as in Experiment 1.

Captured insects on sticky traps were ccllected and
processed biweekly as in Experiment 1, commencing Méy 1, until
separated from debris, counted, and their sex determined. At the
termination of the experiment an approximately 10 cm thick disc
was cut from the middle of each bolt. The disc was debarked and
the attacks were recorded. Forty-eight galleries were dissected
to determine brood success.

Data were transformed as in Experiment 1 before factorial
analysis of variance and the KHewman-kKeuls Test (p<0.05) as in
Exp. 1+« Sex ratios for beetles captured by baited traps and logs

were analyzed by analysis of variance without transformation.

Experiment 1

——— ——— i S ot

1979. 8y the 1st sampling date, Mar. 29, baited and control logs
of several replicates had sustained heavy attacks, significantly
higher than the relatively light catches on traps (analysis of

variance, p<0.05) (Fige. 8) . However, the Hewman-Keuls test

23



failed to disclose a significant difference between mean catch
of females (the 1st attacking sex) on pheromone-baited sticky
traps, and mean attack on either pheromone-baited or blank trap
logs. wWhile attractiveness of the trap logs apparently decreased
over time, the traps became relatively more efficieﬂt (Fig. 8),
and were significantly better than logs from Ekpre 26 on.

Beetle activity remained high throughout the experimental
period, with a decrease in early April. Attacks on trap logs
virtually ceased after tne initial 8 weeks of the experiment.

Seasonal attacks for G, sulcatus and G. Letusus were not
recorded since all trap logs were heavily attacked by T,
lineatum, and when attacks were pinned, the 3 species could not
be separated.

The total attack estimated from pinning was 79% of the .
estimate from verified attacks, considerably higher than in a
similar study on G. sulcatus (Mclean and Borden 1977b). All &
galleries assessed on the basis of diameter as being made by T,
lineatum were confirmed by gallery dissections.‘siﬁilarly, 6 of

8 and 5 of 15 were correctly identified for G. sulcatus and G

us, respectively. Of the galileries identified as being made

etu

IH
IG

o

Y G. retusus, 2 were actually made by I. lipeatum. The

remaining 8 for G. retusus and 2 for G. sulcatug could not be
determined since they were abancdoned.

The‘telatively high correlation coefficients for attack
densities of G. retusus with G, sulCatus (r = 0.60, p<0.01) and

e e e . i ——— o o - o i i -
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Fige 8. Biweekly attack (+ 1 SE) on trap legs, and catch on
traps, of T. lineatum females in Experiment 1 expressed as
percentage of estimated total (K). Catch on blank traps <2 % of
total for all dates.
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Tse lipneatum (r = 0.46, p<0.01) provably reflect overlap of
gallery entrance diameters of §. retusus with the other 2

—— e T e et s

species. The correlation coefficient for Ge gulcatus with T,

=

ipeatum was only 0.25 (p>0.05), indicating good separation of
these 2 species. |

Since galleries are initiated by the 1st attacking sex
(female T, lineatum and male Gnathotrichus spp.), comparisons
between the efficacy of traps and trap logs ignored the opposite
sex. For the total, 12Z2-week experiment, pheromone-baited traps
captured 19,217 female I, linestum , 2,997 male G. sulcatus and

o o i oan: - S

1,515 male G. retusus. The traps were more efficient than trap

logs for G. retusus, better than blank trap logs for T,

lineatum, and as good as trap logs for G. sulcatus (Fig. 9).
Table II shouws estimated total attacks by all 3 species on all
48 logs.

The presence of synthetic pheromone on trap logs did not
affect the horizontal attack distribution. The distribution of

attacks on top, bottom, and sides of logs was similar for T.

lineatum and G,

14}

ulcatus , both of which preferred sides or
bottom of logs, whereas G« retusus showed no preference‘(Table
Ii1).

There was a significant correlation between attack density

and log diam. for T, lineatum and 6. retusus, and between attack

m

153

sulcatus (Fig. 10). However,

density and sapwood depth for

the fit of the regression was poor for all 3 species. Very low
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Fige 9. Mzan total attack (+ 1 SE) on tra
on traps, of female T. lineatum, and male G s
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ogds, and catch
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TABLE II. Estimated total number of attacks by 3 species of ambrosia beetles
on trap logs in Exp. 1. Dryland sort of MacMillan-Bloedel Ltd.,

Shawnigan Woodlands Division, Duncan, B.C., 1979.

Treatment of Trypodendron Gnathotrichus Gnathotriéhus
Log (N=8) lineatum sulcatus retusus
Lineatin-baited 6,782 391 239
Blank control 5,734 417 274
(+)-Sulcatol-baited 4,414 3,116 846
Blank control 3,829 1,251 175
§f(+)~Sulcétol—baited 3,340 361 ’ 466
Blank control 6,748 941 645

30



TABLE III.

Vertical distribution of ambrosia beetle attacks on Douglas-fir

logsa- Dryland sort of MacMillan-Bloedel Ltd., Shawnigan Wood-

lands Division, Duncan, B.C., 1979.

Quadrant Trypodendron Gnathotrichus Gnathotrichus
lineatum sulcatus retusus
Attacks/m2 Range Attacks/m2 Range Attacks/m2 uRange
Top 126.1a 0-586 41.5a 0-186 14.8 0-70
Side 1 182.6b 0-679 74.6b 6-196 14.1 0-59
Side 2 193.7b 0-642 76.7b 6-160 16.9 0-99
Bottom 231.6b 0-809 60.7b 11-120 12.3 0-46

“Means within columns followed by same letter not significantly different,
analysis of variance and Newman-Keuls Test, (P<0.05).
not followed by letters, not significantly different, analysis of variance,

(P<0.05).
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Fige 10. Relationship between attack density of 3 species
of ambrosia beetles and leog diameter or sapwood depth of
bouglas-fir trap lecgs in Experiment 1 (N=U7).
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attack densities were observed on lous with a sapwood depth of
1¢5 - 2.0 cm for all 3 species, whereas high attack densities
were associated with sapwood depth of >2.0 cme. Kigh attack

dencgities by T, linesatum and ¢

——— o v s o S, o

retusus were generally-

associated with log diam. 225 cm.

Experiment 2

On the 1st sampling date, catches of T, lineatum on
pheromone-paited traps and lindane-treated trap logs were high
for both gsexes (Fig. 11). Cver the next 4 weeks, catches |
declined rapidly. They remained low on lindane-treated logs for
the remainder of the eXperiment but increased on sticky traps.
The traps were significantly more effective than logs after the
initial 4 weeks. Elank (unbaited) lindane-trested trap logs'uere
initially better than blank sticky traps but were equal or
inferior to blank traps after 4 weeks.

G. sulcatus catches were moderately high for both éexes
during the 1st 4 weeks of the experiment, whereafter they
declined (Fig. 11). Catches on pheromone-baited traps Qere
significantly hicher than on lindane-treated trap logs
throughout the experiment tor females, and for males after the
initial 4 weeks. Elank traps and logs were inefficient.

Catches of G. retusus were low throughout the experiment,

e e o o o —

with peak catches in several replicates on June 26 (Fig. 11}).

34



Baited traps caught significantly more beetles of both sexes
than lindane-treated logs only for the 4 weeks between May 15
and June 12. There was no difference bhetween blank traps and
blank trap logs.

The sex ratios of captured I, lineatum showed ﬁo consistent
trend betwsen traps and lindane-treated trap logs. For both

Gnathotrichus sppe., however, trap logs attracted a higher

proportion of males (the first attacking and pheromone producing
sex) than traps (Table IV).

The total catches on pheromone-baited traps and logs,
respectively, were 59,242 and 34,386 for T. lineatum, 14,162 and
was no significant difference in efficacy between
pheromone-paited traps and trap logs for I, lipeatum and G,

retusus, whereas the traps were more efficient for G. gulcatus
(Fig. 12). Blank control traps and logs were largely
inefficient, although 1 blank log caught high numbers of T.
lingatum , probably due to secondary attraction‘esiablished by
breakthrough, i.e. successful attack in spite of the lindané
treatment (Table V).

The»assessment of breakthrough showed that T. lineatum in
particular could survive and establish brood (Table V). A1l logs

baited with lineatin as well as some others were attacked by

this species.
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Fige. 11. Biweekly catch (* 1 SE) of 3 species of ambrosia
beetles on lindane-treated trap logs and pheromone-baited sticky
traps in Experiment 2.
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Of the 48 calleries dissscted, 19 (39.6%) were established,
with egg niches or pupal chambers. Brood success, measured as
number of pupal chambers divided by tctal number of egg niches
plus pupal chambers, was 73.7%. R1l1 abandoned tunnels were
shorter than 25 mm.

The only established G. sulcatus gallery dissecte& was 170
mi iong. The 3 aban&dne& galleries were 55 mm or shorter. The 2

abandoned G. retusus galleries were 30 and 40 mm long.

Comparisons of Trap Logs and Sticky Traps

The decline in efficacy of lindane-treated trap logs afier
the initial U4 weeks for L. lineatum and G. sulcatus and their
continuing effectiveness for G. retusus (Fig. 11), indicated
that there was a change in attractive propefties of the iogs for
the former 2 species, rather than a reduced knockdown effact by
lindane. This explanation also was supported by the fac£.that
occurred on many logs during the initial 4 weeks.

Failure by lindane to protect log decks and booms has been
reported by Graham (1953). It is likely that washoff cf lindane

to some extent contributed to successful breakthrough attacks by
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TABLE IV. Responding/first attacking sex ratios (male/female T. lineatum,

female/male Gnathotrichus spp.) of 3 species of ambrosia beetles on

a
pheromone-baited sticky traps and lindane-treated trap logs . Dry-
land sort of MacMillan-Bloedel Ltd., Shawnigan Woodlands Division,

Duncan, B.C., 1980.

Date Trypodendron Gnathotrichus Gnathotrichus
lineatum sulcatus retusus.
Trap Log Trap Log Trap Log
Apr. 30 1.86 < 2.07* 1.93 > 1.28%%% 3.45 > 1.55%
May 15 1.86 > 1.54%* 1.98 1.77 2.85 > 1.72%%%
May 29 1.82 1.71 1.83 > 0.08%*% 2.83 > 2.05%%%
June 12 2.01  1.43 1.77 > 1.08%* .2.42 > 1.69%
June 26 1.24 1.72 1.75 1.26 1.85 1.58
July 7 1.06 < 1.97 2.03 1.36 , .2.60 2.06

4 )
Comparisons followed by * or ***, different at P<0.05 or P<0.001, respec-
tively, by analysis of variance.
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Fig. 12. Mean total catch (z 1 SE) ot 3 species of ambrosia
beetles on lindane-treated trap logs and cylindrical sticky
traps (8=7) in Experiment 2.
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TABLE V. Breakthrough by 3 species of ambrosia beetles on lindane~treated

trap logs (N=28). Dryland sort of MacMillan-Bloedel Ltd.,

Shawnigan Woodlands Division, Duncan, B.C., 1980.

Trypodendron Gnathotrichus Gnathotrichus
lineatum sulcatus retusus

No. logs attacked:

Blank 1 - -

Lineatin 7 - -

(+)-Sulcatol 2 2 -

S-(+)=-Sulcatol 1 - -
Mean attack density/0.1 m? 7. - -
No. galleries:

Initiated 48 4 2

Established 19 1 -
No. egg niches and pupal chambers 270 3 -
No. pupal chambers 199 1 -
% Brood success 73. - -
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T. lincatum , since only 2 of the 19 successful galleries wvere
on the bottom guadrant of the logs, with 4 and 13 attacks on the
top and sides, respectively. Based on the results from Table
I1I, the expected attack distribution should have been 3, 10,
and 6 attacks on top, sides, andéd bottom, respectively. However,
the differences between observed and expected attacks are not

significant (X2 test, p<0.05).

The female:male ratio of captured Gnathotrichus spp. being

lower on logsthan on traps: (Table IV) may indicate that stimuli
other thar the synergized pheromones (Borden et al. 1980b) are
important for these 2 species. Such‘stimuli may include visual
perception of host materials, which appears important to T.
lineatum (Vite and Bakke 1979; Klimetzek et al. 1%80; Borden et

al. 1981b) and 1. domesticum (L.) (Kerck 1972) in Europe, and

o o . s . o e o s T

Although the cylindrical sticky traps were more effective
than phercomone-hbaited, lindane-treated logs (Figs.‘11, 12),
other traps may be even more effective. Vane traps (#cLean énd
Borden 19793) are roughly twice as efficient as cylindriéal traps
funnel trep are more efficient for G. sulcatus (Chapter III}.
There is considerable controversy over the use of lindane in
forestrj (Koerber 1979). Many other pesticides have higher acute

toxicity but are not more efficient than lindane against bark
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beetles in the field (Smith ¢t al. 1977). Therefore, I caanot
recommend the use of trap logs treated with lindane, or other
pesticides of comparable efficacy, for control of ambrosia
beetles in dryland sorts, in spite of their apparent efficacy
early in the season.

The unsuitability of several logs caused high variance of
the data, with a resulting large error term. Employment of more
suitable logs would probably have reduced the variation and
accentuated the early season superiority of the logs (Fig. 8).
This superiority probably has its basis in the secondary
attraction produced by the attacking beetles simply overwhelming
the attractive baits in the traps. This phenomenon accentuates
the importance of removing competing sources of secondary
attraction, &.g. attacked timber in the sort, in order to
maintain optimal efficacy of traps.

The decreasing attractiveness with time of trap logs
infested by T. lineatum relates to presence of males, which
apparently produce a masking or antiagqregation(phéromone

(8ijholt 1970, 1973b; Borden 1974) . Horeover, females may cease

multistriatus (Marsham) (Elliot et al. 1975). ¥ery high attack
densities (>200/0.1 m2 ) are sometimes reported (Chapman and
Nijholt 1980), and may result in lessened pheromone production

per .female, as observed in S. scolytus L. (Blight et al. 1978).

The relatively constant performance of lineatin-baited trap logs
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as compared to unbaited trap logs (Fig. B8) suggests that the
presence of synthetic pheromones overrides any antiaggregqation
pheromone or compensates for the lack of continuous pheromone
production by fermales.

Gnathotrichus spp. overwinter in host material (Richmond

1968) stored in the sort or brought inm from the forest.
Therefore, the synthetic phkeromones must compete with
established sources of natural secondary attraction and lure
emerging beetles away from them. T, lineatum, however,
overwinters -in the duff and litter of the surrounding forest
margin (Kinghorn and Chapman 1959) and could be intercepted on
their way into the sort by pheromone-taited trap bﬁndles and
~traps.

The strikingly high numbers of attacks on several logs
recorded in late #arch and early April 1979, before any major
flight had occurred suggest that suitable bundles of
pheromone-baited trap logs would be superior to sticky traps
early in the seascn. Since it is crucial to kee# tﬁe i1st flight

of T, lineatum from establishing secondary attraction inside the

sort, trap bundles may be extremely important in a suppréssion
progra® early in the season.

kithough fresh trap logs might be more eftficient than
pheromone-vaited traps later in the season, protection of
fallrfelled logs from attack, for use as replacement trap logs,

seems impractical. However, replacement of trap logs would be
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possible for G. sulcatus and G, retusus, which attack newly

—— e e . o — 2 oo

felled logs (Mathers 1935; Cade 1970; Mclean and Borden 1977b}) .

Biological Observations

The distribution of G. sulcatus attacks arcund the

——— — — o o — " ——

circumference of the logs (Table II1I) supports earlier findings
of #cLsan and Borden (1977b) while the similar distribution of
T. linecatum attacks supports the data of Dyer (1963). G. retusus
apparently prefers dryer and warmer habitats than the other 2
species (J.B. Bordené, pers. comm.) and was the most prevaleﬁt
ambrosia bsetle in a Califorria study (Moeck et al. 1981). Thus,
it may be more able than the other 2 species to colonize the
warmest, upper gquadrant of the logs. E~-(-)-Sulcatol, produced by
G. sulcatus, is inhibitory t¢ G. retusus, which responds to
S-(+)-sulcatol (korden et al. 1980a)e. However, Table II shows
that the 2 species in fact can attack the same log to some
extent. The abundance of G. retusus attacks on the .top of a log
(Table III) may reflect its partial displacement to this portion
by the pheromone odor of Ce. sulcatus males, which fly e;rlier in
the season (Figs. 24-25, Chapter E) and attack the sides and
bottom. The lack of concentration of attacks in the vicinity of
the pheromone bait is at variance with the results of #Mclean and
Borden (1977b) for G. sulcatus, and probably reflects extremely

—— —— o - — — -

high populations which saturated ail available spaces on the
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most attractive logs.

The significant correlation between attack demnsity and log
diam. or sapwood depth (Fig. 10) indicate the importance of
selecting suitable material for trap logs. A threshold for
acceptability apprears to be a diam. of 20 cm and a éapuood depth
of ca. 2 cme. ARlthough some logs with deeper sapwood (4 - 6 cm)
had low attack densities, logs with a diam. of >30 cm, and with

sapwood of >3 cm generally appear to be susceptible to attack by

e S S e e . W

felled between October and February the previous winter (Dyer
and Chapman 1965). Logs selecteé¢ by these criteria would be

optimally efficient in trep bundles for ambrosia beetles.

Practical Implications

In pest management programs, binary pheromone combinations,
lineatin with (#)- or 3-(+)sulcatol (BEorden et al. 1981a),
combined with ethanol and o-pinene at low release rates (Borden
et al. 1981b) are feasibie as volatile baits. 1 recommend that
untréateﬁ (no insecticide) trap bundles or logs baited’with such
volatile baits be placed in strategic positions, i.e. Yhot
spotsY, around dryland sorts 1 month before the first I.

lineatum flight is expected. This procedure will take advantage

of the early superiority of logs over pheromcone-baited traps

(Fig. 8) « Bundles should be removed, and logs chipped or
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otherwise destiroyed 5 - € weeks after initial attack, since
brood emergence may begin at thic time (Borden and Fockler
1973), and the efficacy of the trap bunéles would have then
declined. Pheromone-baited traps should complement the trap
bundles at all times and alsc should be used in inaécessible
positions. Additional traps should replace the trap bundles as
these are removed td maintain a high potential of intercepting
beetles emerging from the forest duff and to maintain a strong
source of secondary attraction away from the timber to be
protected. Any timber attacked within the sort must be

recognized and removed without delay.
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Ce A MULTIPLE FURNKEL TRAP FOR SCOLYTID BEETLES

Hardware cloth, insect screening and various other
materials, coated with a sticky material are uidely‘used in
research and trapping programs for scolytid beetles (Browne
1978; Lanier 1978; HcLean and Borden 1979). These traps are
effective, but reguire time consuming and laborious maintenance.
Thus, many attempts to design alternative traps have been made.

Pheromone-baited window flight traps (Chapman and Kinghorn
1955) are relatively efficient for the spruce beetle,

Dendroctonus rufipennis Kirby, if placed sgainst tree trunks

(Dyer and Hall 1980) and for Ips typographus L. if placed in a
forest rather than in the open (Klimetzek and Vite 1978). For T.
ineatum window traps are comparable to Scandinavian drainpipe
traps (Borden et al. 1981). Several adaptations of the window
fiight trap have been made (Wilkening et al. 1981; Furniss
1981) e | |

Drairpipe traps (Bakke and Saether 1978) and other traés
based on the hypothesis that an optical stimulus, i.e. é
prominent, vertical silhouette, is important for the orientation
of scolytid beetles to their brood material (Kerck 1972) have
recently gained prominence in pheromone research (Klimetzek énd
Vite 1978; Moser and Browne 1978; Vite and Bakke 197%; Adlung et

al. 1579; Borden et al. 1981b). Commercially available drainpipe
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traps (Borrecaard B/3, Sarpsborg, Norway) have been utilized in

a mass trapping program for I. typographus initiated in 1979

(O'Sullivan 1979; Lie and Bakke 1981}).

The multiple funnel trap described herein (Figs. 13-15)
coibines the advantages cf the traps mentioned abové and
eliminates some disadvantages. The 1981 prototype trap (¥Fig. 15)
consists of a series of vertically aligned funnels made from 0.2
mim vinyl sheets (American Hoeckst Corp., Sommerville, N.J.) and
stapied te 3 twill tapes, making the trap ccllapsible for
storage and transportation. An inverted nursery flower pot -
drainéqe tray (Listo Products, Vancocuver, B.C.) protects the
pheromone bait, and to a certain extent the trap, from rain. &
collecting jar (kmpak, Ltd., Vancouver, B.C.) , with a lateral
drain hole for excess rain water, is suspended at the bottom of
the trap. The jar contains water with a small amount of
detergent added to reduce surface tension, and an antibiotic
agent (sodium azide or table salt) to prevent mould and-
bacterial growth. For trapping live insects, tﬁe 6ollecting jar
can be filled with shredded paper or other material to-keep‘
insects apart. The trap is suspended from a hook on a 2;5 cm
diam. dowel. The effective trapping surface of this prototype is
0.33 m2 which can be increased or decreased by changing the size
or numbers of funnels. |

Wind tunnel studies (K.F.D. Angerillis and J.A.

McLeanS,unpublished data) suggested that the pheromone should be
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Figse 13-15. Prototype multiple fumnnel traps used in 1979
(Fig. 13), 1980 (Fig. 14), and 1981 (Fig. 15). Collection of
sample at 1979 model is shown in Fige. 13, and the 1981 model is
shown in operatiocnal and collapsed position (Fig. 15}.
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releaseG simultaneously from 2 positions in the trap (Fig. 16b).
These release positions ensure that the pheromone plume is
dispersed to simulate that of an attacked logy, as well as
providing optimal odor dispersion regardless of wind direction.
To date, pheromone placement has been suboptimal as in Fig.
162-C, and increased efficiency of the funnel trap is expected
when its aerodynamic properties are utilized correctly. In
preliminary tests, T. lineatum responded better in a wind tunnel
to a dispersed pheromone plume rather than to a concentréted one
(NePeD. AngerilliS, pers. comme).

Two earlier designs had various limitations. The 1979
prototype (Fig. 13) was rigid@d om a wooden frame, with a trapping
surface of 0.19 m2 . This trap was tco fragile for
transportation and storage. The 1980 prototype (Fige. 14) had an
aluminum frame, which had tc be disassembled for compact
transportation and storage. The trapping surface was (.41 m2 .
Material costs, weight and difficulty in assembling and
disassembling of this prototype made it less aésiréblevthan the
1981 trap. |

All prototype traps effectively caught ambrosia beétles. In
Vancouver Island field tests T. lineatum, G. sulcatus and G.
Letusus were caught in response to their aggregation pheromones,
with maximum catches tor a 2 week period of 15,000, 3,500 ané
700. in single traps for the respective species. The traps wvere

competitive with Scandinavian drainpipe traps and Z types of



Fige 16+ Schematic representations of 1981 trap showing
odor plumes (titanium tetrachloride swoke) produced in a wind
tunnel at 1.2 m/s wind speed with bait in various positions. &).
Movement of bait vertically (double-pointed arrow) will vary
release rate. B). Upwind (upper) and downwind (lower) plumes
from bait attached to twill tape. C). Bait placement as in B)
but rotated 90° relative to wind direction as in top view. D).
Pouble~-baiting, utilizing trap aerodynamics for optimal
pheromone dispersion.,
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sticky traps (Chapter D). In another experiment, modified 1981
prototype traps with one extra funnel and longer spacing between
funnels (0.57 m2 trapping surface) caught 219 mountain pine

beetles, Dendroctonus ponderosae Hopkins, whereas identically

s i o S . . o b s

baited Scandinavian drainpipe traps only caught 5 (J.E. Conn and
JeH. Borden?, unpublished data).

Incoming beetles have been observed at the traps. Most hit
the funnels and fall into the collecting jar immediately,
because they cannot land on the slanted funnels. Some do land on
the outward slanting 'funnel below the entry aéint. However,  the
funnel above impedes the resumption of flight as the bsetles®
take off direction is vertical. These beetlesgs are caught after
contacting the overhead funnel and folding their wings. Thus,
resumption of fiight, a problem with window and draimpipe traps,
is largely avoided with funnel trapse. As with sticky traps, any
beetle attempting to land should be caught, but without having
to enter holes as in the drainpipe traps. Captured beetles can
be quickly collected and processed immediately‘wifhout the need
to remove sticky material. |

As with some other nonsticky traps (Wilkening et ai. 1981),
spiders occasionally cause problems by webbing over the funnels.
If the trap is placed in the vicinity of deciduous trees, leaves
may plug up individual funnels in the fall.

Insects in numerous orders are caught in the funnel traps,

but Coleoptera predominate. The impact of the funnel trap on non
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target species is small. Checkered beetles (Coleoptera:Cleridae)
wer2 only caught occasionally, and in low numbers (1-10) similar
to catches in drainpipe traps.

Although the initial investment for this trap may be higher
than for sticky traps, the traps should be reusable for many
seasons. Moreover, considerable savings are made in handling

time, making possible a substantially greater trapping effort.
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D. FACTORS INFLUEKCING THE EFFICIERCY

OF PHEROMONE-BAITED TRAPS FOR THREE SPECIES OF AMBROSIA BEETLES

Many factors can influence the efficiency of
pheromone-baited traps for scolytid peetles. Increasing the
release rate of the pheromone (3)-sulcatol increased the catch
(Mclean 1976). Other experiments have disclosed synergism by
ethanol and X-pinene for sulcatol (Borden et al. 1980b),

allzlochemic activity between the aggregation pheromones of Te.

([and

ineatum, G, sulcatus and G. retusus (Borden et al. 1980a,
1981a), ard the interaction of aggregation pheromones, ethancl
and ®-pinene, in the presence or absence of visual stimaeli
(Borden et al. 19871b). Experiments on trap placement, relesase
rates and bait placement have been conducted for several
scolytid species (e.ge. Tilden 1976; Tilden et al. 1979;
Klimetzek and Vite 1978; Lie and Bakke 1981).

The influence of trap design on trapping efficacy has ﬁeen
investigated for many insects. Sticky traps have been cbmmonly
used for scolytid beetles (Browne 1978; Birch 1979%; Aclean and
Borden 1979). Many of these traps are efficient, but the
difficulties in removing captured insects as well as in cleaning
and,reapplying sticky coverings make them prcohibitively labor

intensive, particularly in large scale operations. Therefore,
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nonsticky traps of various designs have been tested (Chapman and
Kinghorn 1955; Moser and Erowne 1977; Bakke and Saether 1978;
Klimetzek and vite 1978; Furniss 1981).

The influence of trap color has also been investigated for
many insects. Behavioral and physiological responses by scolytid
beetles to colors have been demonstrated in the laboratory
(Schonherr 1971; Bennett 1978; Groberman and Rorden 1981), and
in the field (Entwistles 1963; Bakke and Saether 1978).

The experiments described herein, were conducted as an
integral part of optimizing the use of ambrosia beetle
aggregation pheromones for suppression programs in timber

processing areas.,

i i s i T e e - S S Sl - s

Seventeen field experiments (Exp.)} were conducted with
objectives and methodology as cutlined below. Unless otherwise
noted, all experiments were conducted at the waéﬁiilan~Bloedel
Ltd., Nanoouse Division dryland sort at Northwest Bay near |
Parksville, Vancouver Island, B.C. They were set up as
randomized cémplete blocks, with a minimum distance between
traps of 25 m. Sticky traps (vanes or cylinders) were covered
with Stikem Special. They wére cleaned¢ in Shell Household :

Solvent. Collecting bottles on nonsticky traps contained water,

detergent to reduce surface tension, and sodium azide (40 mg/1



water) to prevent would ané bacterial growth. Insects removed
from sticky traps were held in Shell Solvent or 70% ethanol
until they were separated by species and sex, and counted.
Insects captured in other traps were held in 70% ethanol.
Pheromone dispensers for cylinder traps were placed as described
in Chapter 8 (Exp. 1); for vane traps on the support pole ca. 30
cm from the top; for‘funnel traps as in Fig. 16k (Chapter C);
and for drainpipe traps suspended inside the pipe ca. 20 ca
under the 1id. All release rates for pheromones and host
volatiles were determined in the laboratory at 22 9C and 70%
R.H. Actual releasge rates in the field may have varied
considerably due to environmental conditions. K1l traps were
placed so their effective trapping occurred ca. 30 - 180 cm

above ground.

Experiment 1

Expe 1, conducted May 3 - 15, 1979, at therniversify of
British Columbia Research Forest, Maple Ridge, B.C., determined
the optimal release rate for lineatin, the aggregation pheromone
of T. lineatum. Cylindrical hardware cloth traps (cylinder
traps) (Byrne et al. 1974; Browne 1978), 20 cm diam. x U6 cm
high, active trapping surface = (.29 m2, in 5 replicates, were

baited with lineatin released from Conrel fibers, aperture diam.

= 042 mm, as follows: blank control, 1 tiber (10 mg/24h),
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fibers, 8 fibers and 80 fibers.
Experiment 2 - 4

Exp. 2 - 4 were conducted to determine the relative

efficacy of 4 trap types for T. lineatum, G. retusus and G,

- S o S e —— S e " - i Ao o
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ulcatus. The traps compared were a modified vane trap (Browne
1978; McLean and Borden 1979) with 2 vanes composed of 90 x 70
cm, 6.4 mm mesh hardware cloth, active trapping surface = 2.52
m2; a cylinder trap; a Scandinavian drainpipe trap (drainpipe
trap) 12.5 cm diam. x 135 cm high, active landing surface =70.5
m2; and a multiple funnel trap (1979 funnel trap) (Fig. 13,
Chapter II), 13 cm diam. x 44 cm high, active trapping surface =
0.18 m2. Each ot 5 blocks consisted of & traps, 1 baited and 1
blank control trap af each type. |

In Exp. 2, May 4 - 18, 1979, traps were baited with
lineatin released from 4 Conrel fibers at 40 xg/24hk. In Exp. 3,
May 18 - 29, 1979, traps were baited with §-(+)—sulcatoi and
X-pinene released from open glass‘vials, aperture diam. = 8 mm,
at 4.9 and 50 mg/24h, respectively, and ethanol from a’glass
vial with 1 hole in the cap, aperture diame = 3 mm, at 180
mg/24he In Exp. 4, May 29 - June 5 and Aug. 16 - Sept. 5, 1979,
(%) -sulcatol was relesed at the same rate as S-(+)-sulcatol in

Exp. 3, and «-pinene and ethanol as in Exp. 3.
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Experiment 5 - 7

Exp. 5 - 7 were conducted to compare the efficacy of the
vane trap, the 1979 funnel trap, both used in Exp. 2 -4, and a
larger, modified funnel trap (1960 funnel trap) (Fig. 14,
Chapter II), 20 cm diam. x 66 cm high, active catching surface =
0.41 me,

In Exp. 5, July 1 - &, 1980, all traps in 7 replicates were
baited with lineatin as in Exp. 2. In Exp. 6, July 8 - 16, 1980,
X~-pinene and ethanol, released from separate glass vials with 1
hole in the cap, aperture diam. = 1.5 mm, at 17.5 and 120
mg/24h, respectively, were added to lineatin released as in Exp.
2. In Expe. T, Octe. 1 - 8 , 1980, all'traps in 6 replicates were
baited with (%) -sulcatol released from open glass vials,
aperture diam. = 4 mm, at 2.5 mg/24h. Etharel and A-pinene were

released as in Exp. 6.

Experiment 8

Exp. 8 assessed the effect of diameter of the optical

stimulus on the response of T. lineatum and G. su

Lt

catus to
multiple funnel traps, with vane traps as controls. It was
conducted from June 3 - July 1, 1981, at the Pacific Forest
Products, Ltd., Sooke Division dryland sorting area near Sooke,

Vancouver Island, B.Ce. Three nested multiple funnel traps (Fig.
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17), each 20 c¢m diam. x 53 cm high (1981 funnel travs), total
active trapping surface = 1.0 m2, were compared in & replicates
with vane traps with 2 fiberglass window screening vanes
(Permascreen , Bay ¥Mills, FKidland, Ont.), 86 x 120 cm, active
catchiny surface = 4.1 m2. Pheromone dispensers weré suspended
from the 1id so that they were near the bottom inside a
drainpipe attached to the support pole. Each trap (a nested set
of funnel traps is considered as one trap) was placed in a 3 - 4
m wide "channel" cut through dense sapling red alder, Alnus
rubra Bong, at the edge of the west side of the sort. The traps
were baited with lineatin as in Exp. 2, (t)-sulcatol as in Exp.
7, and xX-pinenes and ethanol as in Exp. 6. For vane traps, the
total number of beetles on 5 systematically chosen 3 cm wide
strips (x) was count=4d, and the total not counted (y) was
estimated as (y = 34.40 + 6.32x) (r=0.99, p<U.01), zs determined
by linear regression from total counts on 22 vanes. The total
for each vane was then (x + y). Species and sex ratios were
determined based on a random subsample taken ffom41 vane on each

trape.
Experiment 9 - 11
Three experiments were run to determine whether ambrosia

beetles exhibit a color preference in orienting to traps. Black,

blue, clear, green, and red 1980 funnel traps were used.
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Fige 17. Nested 1981 funnel traps used in Experiment 7.
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Spectral raflectance for each coler vinyl and of the bark of
Douglas-fir , Pgeudotsaga menziesii (Mirb.) Franco, was measured
with a Cary 17 spectrophotometer, using magnesium oxide as a
standard. Percent reflectance was calculated for wavelength
intervals 340 - 360 nm (near UV), 420 - 480 nm (blue), and 510 -
530 nm (gr=en), alone and in combination, since optimal
behavioral (Grokerman and Rorden 1981) and electrophysiological
(Bennett 1978) responses occur at these wavelengths.

In Expe. 9, May 12 - June 3, 1980, blocks containing 1
baited and 1 blank control for each color were set up, and
rerandomized twice for a total of 12 replicates. Traps were
baited as in Exp. 2. In Exp. 10, June 3 - July 2, 4 blocks as in
Exp. 9 were set up, and rerandomized once for a total of 8
repiicates. Traps were baited with 3-(+)-sulcatol in the same
manner as (#¢)-sulcatol in Exp. 7, and «-pinene and ethanol as in
Expe. 6+ In Expe. 11, conducted at Macﬁillan-ﬁloedel} Ltde's
Shawnigan Woodlands Division dryland sorting area near Duncan,
Vancouver Island, B.C., Septe 9 - 24, 1980, 4 bioaks as in Exp.
9 in a split plot design were rerandomized once for 8 |

replicates. Traps were baited as in Exp. 7.

Expariment 12

Exp. 12 assessed the influence of colors on catch in traps

double baited (kBorden et al. 1981) for Te. linesatum and G.

- " ol oo, o o A i . -———

66



sulcatuse. Black, blue, and red 1961 funnel traps were set ap in
8 replicates at the Pacific fForest Products, Ltd., Sooke
Division dryland sort on FKarch 11, 1961. All traps were baited
as in Exp. 8. Collections of insects were done biweekly until

June 3.

Experiment 13

Exp. 13, conducted June 29 - July 1o at MacKillan-Bloedel,
Ltd.'s Shawnigan ®¥oodlands Divisionbérylanﬁ cort, Duncan, Be.C.,
assessed the influence of pheromone concentration at 71981 fﬁnnel
traps (6 replicates) and drainpipe traps (4 replicates) on the
catch of T. lineatum. Traps were baited with lineatin released
from Conrel fibers as follows: 1 fiber (10 ug/24h); 1 fiber in
trap, and an adcitional 3 fibers piaced 1.5 - 2 m away fromvthe
trap ca. 30 cm from the top on a 2.5 cm diam. and 120 cm high
dowel for a total of 40 ug/24h). All traps were baited with

ethanol and x-pinene as in Exp. 6.

Experiment 14 - 16

Expe 14 - 16, evaluated the importance of trap position on
catch of T. lineatum. In Expe. 14, concducted April 25 - May 2,
1979, and Expe. 15, June 1 - 7, 1979, 10 cylinder traps uerex
placed in pairs, 1 trap at the forest margin, and the other 15 -

25 m inside the margin. A11 treps were baited with lineatin as



in Exp. 2. In Exp. 16, conducted aApril 22 - 29, 1980, 12
drainpipe traps were placed in pairs as in Exp. 14 - 15. All
traps were baited with lineatin as in Exp. 2, X-pinene as in
Exp. 3, and ethanol from an open nalgene bottle, aperture diam.

= 14 mm, at 1 g/2u4h.

Experiment 17

Expe. 17, May 27 - June 10, 1981, assessed the importance of
pheromone dispenser placement in drainpipe traps. Twenty-four
traps were baited as in Exp. 8, with baits placed at the boftom,
middle or top inside the trap for 8 replicates, |

All data were transformed as [x' = log10 (x + 1) ] before
analysis of variance and the Kewman-Keuls Test (p<0.05). The
analyses of variance used were: Z-way analysis of variance for
Expe. 1, 5-8, and 12-17; factorial analysis of variance as in
Chapter B (Fxp. 1) for Expe. 2-4, and 9-10; and a split plot

analysis of variance for Exp. 11.

RESULTS AND DISCUSSION

Experiment 1

An optimal release rate for lineatin in cylinder traps was

reached at 40 ug/24h (Table VI). This release rate was
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TABLE VI. Mean numbers of T. lineatum caught and mean sex ratios in evalu-
ation of release rates in cylindrical sticky traps. University

of British Columbia Research Forest, Maple Ridge, B.C., 1979.

Release Rate Mean Catcha
(ug/24h) Mean Ratio
Male Female Total Male/Female

0 0.0a 0.0a 0.0a -

10 6.4b 6.4b 12.8b 0.81

40 27.0c 16.2b 43.2c 1.17

80 19.8c¢c 9.6b 29.4¢ 0.98

800 37.0c 18.0b 55.0c¢ 1.19

a,

Means within columns followed by same letter not significantly different,
analysis of variance and Newman-Keuls Test, (P<0.05). Means within columns
not followed by letters, not significantly different, analysis of variance,
(P<0.05).
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subseguently used for all further experiments. It is much lower
than that used for other highly volatile scolytid pheromones,

such as exo-brevicomin and frontalin for Dendroctonus brevicomis

LeConte at 2 mg/24h (Bedard and wWood 1981). The response of G,
sulcatus increased even when the release rate of sulcatol

reached 100 mg/24h (Mclean 1976). Apparently, lineatin is so

potent that optimal levels are reached much sooner.

Experiment 2 - &

For I, lineatum, vane traps were more efficient than
ncnsticky traps (Tables VI, VIII). There was no difference in
catch by vane and cyliander traps, or between cylinder traps and
funnel traps. Funnel traps caught more female I, lineatum than
drainpipe traps. Male:female ratios were lower on vane trapé
than in drainpipe traps, whereas ratios of catches from cylinder
or 1979 funnel traps were not different from other trapse.

For Ge sulcatus, 1979 funnel traps were more efficiént than
cylinder traps, whereas neither of these was different from.vane
or drainpipe traps (Teble VII). Vane traps were better fhan

other traps for male G. retususg, but were no better than 1979

funnel and drainpipe traps for females.
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Experiment 5 - 7

Vane traps baited with lineatin alone caught more T,

[

insatum than 1979 or 1980 funnel traps, but in the presence of
ethanol and o~pinene, the difference in catch betweén vane traps
and 1980 funnel traps was nct‘significant for males (Table
VIII). This result indicates that there is an interaction
between semiochemicals and trap form for male T. lineatum. Such
a phenomenon could not be demonstrated in other Horth American
expariments (Borden =t al. 1981), as opposed to several
experiments in Europe (Vite and Bakke 1979; Borden et al. 198%1)
Female:male ratios for G, sulcatus and male:female ratios for T.

o ———— — —. t—— -

lineatum (ratios calculated as responding sex:first attacking

sex) were lower on vane traps than in fumnel traps in the

absence of ethanol and X-pinene.
Experiment 8

In Exp. 8 vane traps were superior to nested 1981 funnel

traps for | lineatum (Table IX). There were no differences for

The results of Expe. 2 - 8 indcate a difference in response

o —— o S " (2

where I found a significant, positive correlation petween host
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TABLE IX.

Mean number of beetles caught and mean sex ratios in evaluation of

nested multiple funnel traps and vane traps for 2 species of

ambrosia beetles.

Pacific Forest Products, Ltd.,

Sooke Division

dryland sort, Sooke, B.C., 1981. (N=6)
Trap Trypodendron lineatuma Gnathotrichus sulcatusa
Male Female Total M/F Male Female Total M/ F
Vane 1,743.8a2 1,445.9a 3,189.7a 1.46a 484.1a 516.6a 1,000.7a 1.07a
Nested 428.9b 299.1b 728.0b 1.59%9a 381.9a 398.0a 779.9a 1.l4a
Funnel

Numbers within columns followed by same letter not 31gn1f1cantly different,

analysis of variance (P<0.05).
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diameter and attack density for the latter 2 species, but
between sapwood depth and attack density for G. sulcatus. When
orienting to the host, olfactory and visuel cues may be coupled
(Borden 1977) to a larger extent for G, sulcatus than for T.

o . " o~ - -

lineatum and G, retusus. G. sulcatus can attack trees from 2

weeks to 2 years after felling (Mathers 1935; Cade 1970),
indicating wide tolerance to host conditions. The positive
orientation of G. sulcatus to small diameter facsimile hosts,
e«ge. drainpipe and funnel treps, may be explained by this
tolerance, since small diameter logs will dry out relatively
fast. For T, lineatum, which normally attacks fall-felled logs
(Dyer and Chapman 1965), selection would occur against a habit
of attacking small diameter hosts, due to the narrower range of
host conditions acceptabie to this species for successful brood
establishment. However, Exp. 6§ ¢id not reveal any superiority of
a larger diameter visuval image for the orientation of T,
Phefomone plume characteristics may be of impbrtance to T.
ineatum. Vane traps release the pheromone from the entire '
surface of each vane (J.k. KcLeanS, unpublishked data), ﬁhich may
create a close approximation of the pheromone plume from
attacked logse. Similarly, fumnel traps will release a dispersed

pheromore plume when the bait is suspended as in Fig. 160D

{Chapter C).
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Experiment 9 - 12

In Exp. 9 - 12, there were no significant differences in
nusbers of beetles caught by traps of the 5 colors tested for
any of the 3 species. However, in Exp. 9 for T. ;;gggggg the
mean female:male ratioc was significantly lower in clear 1980
funnel traps (X = 1.57) than in red or black (both X =2.05),
whersas there was no difference in sex ratios between blue (% =
1.73) and green (X = 1.78) traps compared with any other color.

Between May 20 and June 3 in Exp. 12, red 1980 funnel traps
caught more male G. sulcatus (X = 667.3) than black traps (% =
#53.4), whereas blue traps (X = U485.3) were not different from
the other 2 colcrs. During the same period, female:male ratics
for this species were lower im red traps (X = 7.67) than in blue
(x = 1.90) or black (x = 1.99) traps. However, these diffarences
were not evident for the experiment as a whole,

Calculations of percent reflectance showéﬁ that clear,
green and blue vinyl, all of which caught T, ;;gggigg in
relatively low male:female ratios in Exp. 9, reflected more
light than vinyl of other colors or Douglas~fir bark. Héwever,
the speétral reflectance curves showed that the colors used

reflected relatively little light over a wide range. Cross et

al. (1376) found that the response of the bcll weevil,

>

nthonomus grandis Boheman, to traps increased as the intensity

of reflected iight was increased, and also when the pigment more
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closely approached the 500 - 525 nm region of the spectrum. Use
of cleaner colors in my experiments might have yielded positive
results. Eark, which appears brown¥qrey to the human eve,
depending on the amount of lichen growing on it, does not appear
tc have any reflectance characteristic which would facilitate

visual orisntation.

Experiment 13

The results of Exp. 13 (Table ¥X) indicate that for T.
lineatum, it does not matter whether all of the pheromone ié
released directly from the trap, as long as the pheromone
release from the immediate vicinity of the trap is sufficient.
Therefore, lineatin is important for both short and long
distance orientation, but other cues, e.9. a visual silhoueﬁte
and host volatiles, are probably more important for initiating
landing on the host. Tilden (1976¢) found that changes in the
release réte of 3 chemicals attractive to the western pine
compounds, affected the catch of beetles on silhouette traps at
various distances from the pheromone socurce. Placement cf traps
in relation to the pheromone source affected catch and sex ratio

of Ds brevicomis (Tilden et al. 1979).

—— o o — i s S v
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TABLE X. Mean catch and mean sex ratios of T. lineatum in multiple funnel
traps and Scandinavian drainpipe traps baited to evaluate the
effect of pheromone concentration at and near the trap. MacMillan-
Bloedel, Ltd., Shawnigan Woodlands Division dryland sort,

Duncan, B.C., 1981. - (N=10)

Pheromone Release Rate/24h Mean Catch®
2 Mean Ratio
In Trap 1.5-2m from Trap Male Female Total Male/Female
10 ug e 212.3a 220.0a 432.3a 0.99a
10 ng 30 ug 615.7b 554.5b 1,1706.2b 1.22b
40 wug - 625.0b 524.2b 1,149.2b 1.21b

a P s e
Means within columns followed by same letter not significantly different,
analysis of variance and Newman-Keuls Test, (P<0.05). Means within columns

not followed by letters, not significantly different, analysis of variance,
(P<0.05).

bEthanol and o-pinene released from all traps at 120 and 17.5 mg/24h,
respectively.
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Experiment 14 - 16

In Expe 14 - 16 (Table XI) more T. lineatum were caught
early in the season on traps placed 15 - 25 m into the forest,
where a majority of the population overwinters (Kinghorn and
Chapman 1969), than on traps at the margin. lLater in the season,
after the main flight, there was no difterence in catch on
cylinder traps between the 2 positions. These results indicate
that a large portion of the T. lineatum population will respond
to lineatin soon after they emerge from their overwintering:
site. Thus, the flight exercise reguired by T. lineatum and
other scolytid beetles before they become host and
pheromone-positive (Graham 1959; Bennett and Borden 1977;
Choudhury and Kennedy 1950) can be fultilled irn the immedlate
vicinity of the overwintering site.

Klimetzek and Vite (1976) reported that, when placed ianside

a forest, window flight traps were more efficient than

silhouette pipe traps for trapping Ips txgograghus-L., whareas
the pipe traps were more efficient in the open. Lie and Bakge
(1981} recommend that drainpipe traps for 1. gxggggggggs be
placed at ground level in groups in the open. Placing traps in
artificial flight Ychannels" cut through dense underbrush, as
described in Exp. 6, appear to improve their etfficiency. The%e
observations coupled with the results of Expe. 14 - 16 suggest

that more attention shoulé be given to placement of individual
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traps in order to optimize their efficiency.

Experiment 17

Bait placement in drainpipe traps strongly influeﬁced the
catch of both T. lipeatum and G. sulcatus (Table XII). These
results suggest that the efficiency of érainpipe traps in Exp. 2
- 4§ (Table VII) was underestimated since the baits were placed
in the top of the traps. Comparative studies on odor plumes with
various bait placements in funnel traps (Chapter C) indicate
that bait placement in these traps was not optimal in Exp. 2 -
4, Therefore, the efficiency of funnel traps may have been
underestimated as well.

Lie and Bakke (1981) recommend that pheromone dispensers be

placed lcw in drainpipe traps for 1. typographus. Convection

currents rising within the traps, the temperature of which may
exceed ambient temperatures by 10 °C cn a sunny day (Lie and
Bakke 1981), prokably make a low bait placement preferable. The

difference in response between T. lineatum and

16

» Sulcatus may
be due to differences in evaporation characteristics bétween
lipeatin and sulcatol, the latter being less volatile, or to
behavioral differences between the 2 species in response to
their pheromone and the visual stimulus of the drainpipe.

Very few ambrosia beetles were caught on any blank control

trap, showing that volatile attractants are essential for
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TABLE XII.

of bait placement in Scandinavian drainpipe traps.

Mean number of beetles caught and mean sex ratios in evaluation

MacMillan-

Bloedel, Ltd., Nanoose Division dryland sort, near Parksville,

B.C., 1981. (N=8)
Bait Trypodendron lineatum” Gnathotrichus sulcatus”
Placement
Male Female Total M/F Male Female Total F/M
Top 145.1a 98.3a 243.4a 1.91 108.5a 114.8a 223.3a 1.14
Middle 336.1b 187.4b 523.5b 2,05 212.5b 236.1b 448.6b 1.09
Bottom 696.8c 421.3c¢c 1,118.0c 1.73 204.1b 214.5b 418.6bh 1.11

aMeans within columns followed by same letter not significantly different,

analysis of variance and Newman-Keuls Test, (P<0.05).°

not followed by letters, not significantly different, analysis of variance,

(P<0.05).
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crientation to the traps.

Practical Implications

The vane trap is the most efficient trap type available for

T. iinestum and G. retusus (Tables VII-IX). This trap is used

—— i -

for suppression cof G. sulcatus in a commercial sawmill (KcLean
and Bordéen 1979). However, drainpipe fraps an¢ funnel traps are
competitive with vane traps for G. sulcatus. Studies with
drainpipe traps in the field (Table x1I) and with funnel trayps
in a wind tunnel (Chapter C) indicate that judicious bait 7
placement may greatly improve the efficiency of these 2 trap
types relative to vane traps.

Cptimal utilization of pheromone-besed mass trapping of
ambrosia beetles in dryland sort should include a large number
of traps that are easy to set up and maintain, e.g. 1 funnel or
drainpipe trap/10 m of sort perimeter where beetle Yhot spots"
occur, and 1 trap/25 or more m where catches are small.‘These
traps should be double baited with lineatin and (#)-sulcatol
(Borden et al. 1981) to catch T. iineatum ané G. §glggﬁg§
throughout the season. In large numbers these traps can
intercept beetles flying into, or draw beetles out of, ths
sorting area. Such a barrier strategy has been employed with

some success in elm groves against the smaller European elm bark

beetle, Scolytus multistriatus (Marsham) (Peacock et al. 1981).

83



Early in the season, pheromone- baited trap bundles can

=

effectively complement traps for intercepting I. lineatum

retusus 106 - 20 vane traps double baited with lineatin -and
S-(+)-sulcatol should be strategically piaced around the sort in
areas of the highest abundance of these species. The high
efficiency of vane traps can thereby be optimally utilized,

without incurring excessive labor costs.
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E« SURVEY AND MASS TRAPPING OF
AMBROSIAR BEETLES IN TIMBER PROCESSING AREAS

ON VANCOUVER ISLAND

Aggregation pheromones of scolytid beetles have been
atilized for surveys (McLean and Borden 1975; KcLean 1980a}, and
for mass trapping(Mclean and Borden 1579; Bedard and ¥Wood 1974,
1981; Lanier 1981; Lie and Pakke 19861). In timber processing
areas survey traps have been used to determine the spatial and
seasonal occurrence of ambrosia beetles, for subseguent
implementation of a mass trapping strategy aiming at population
suppression (Mclean 1980).
floor can sasily be surveyed (Chapman 1974) . Comparisons of
population estimates over several years may reveal trends and be
helpful in assessing the impact of mass trapping. However, many
T. lineatum are brought into dryland sorts and éauhills with
infested timber (Gray 1980), and contribute to the overwintéring

population each year. Horecver, Gpnathcoctrichus spp. overwinter in

logs and cannot he enumerated easily. Therefore, damage
assegsment will provide the most meaningful wmeasure of mass
trapping efficacy. Mclean and Borden (1975) used test loads &f
green lqmber to assess the efficacy of mass trapping of G«
sulcatus in a commercial sawmill. Similar methods have been

e e S e -y s
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attempted in dryland sorts (D.L. Overhulser®, unpublished data),
but are less reliable there due to the presence of log decks in
the immediate vicinity of traps.

My objectives in this study were: 1) to develop a method for
sampling and estimating the total overwintering population of T,

PR LS LiY

in pheromone traps, 2) to determine the spatial distribution of
yearly samples to determine population trends, 3) to determine
the spatial and temporal distribuetion of 3 species of ambrosia
beetles in 3 dryland sorts by utilizing pheromone-baited traps
throughout a season, 4) to attempt a mass trapping progran
aiming at population suppression in one dryland sort, 5) to
sample incoming logs to estimate the relative importance of

imported and resident beetles at one dryland sort.

Overwintering Samples

In order to establish spatial distribution of overwintering
T. lincatum, duff samples 20 x 20 cm square and 2 - 4 cm deep,
above which approximately 90 % of all T. lineatum overwinter

(Dyer and Kinghorn 1961), were taken at 10 points 15 - 20 m

g6



inside the forest margin around each sort, except at China Creek
where & sample points were established. At each sample point 4
such samples were taken at the base of a designated tree. Each
of the 4 subsamples was taken within a quaﬁ;ant (Appendix I), so
that guadrant 1 was always toward the sort. In 1979 samples uwere
brought to the laboratory and placed in black garbage bags, as
described by KRijholt (1976), but from 1980 on samples were
placed in 2 1 milk cartons with an emergence jar attached.
Emergent beetles were collected, counted and their sex
determined every day for 1 week, and every other day for another
week. In order to compare the 2 systems with each other, 5
paired 2 1 samples were taken from pcoled duff samples in 1981,
and 7 paired 1 1 samples in 1982, each pair consisting of 1
sample in a milk cartom and 1 in a black plastic bag. Data on
emergence was analyzed by Paired t-test without transformation.

In order to follow the trends of the overwintering
populations at the 4 dryland sorts, data betwéen years on
emergence from spatial distribution samples wefe ahalyzed by
2-way analysis of variance and the Hewman Keuls Test(p(O.GSi
after transformation of data as [x' = 1log10(x + 1) ]« '

Based on information in Dyer and Kinghorn (1961), a rough
method for estimating the total overwintering population of T,
method wers used to estimate % suppression by comparison with
annual catches of I

lineatum on pheromone-baited traps.
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In 1980 at Shawnigan and in 1962 at Sooke, 20 x 20 cm dufft
samples were taken along 14 and 10 transects, respectively, at
0, 30, 60, and 90 w into the forest from the margin, to
establish an estimate of the total overwintering area. Based on
these data, low and high estimates of population siie were matGe
(Appendix I). Estimates at Port Henfrew and China Creek ware
made by assuming that the transect data from Socke and Shawnigan

would be ge=nerally applicatle.

Survey for Temporal and Spatial Distribution

Surveys were conducted at 3 dryland sorts in 1979 to
establish temporal and spatial distribution of 3 species of
ambrosia beetles. Twelve cylindrical sticky traps were set up
around the margin of the dryland sorts at Sooke and Port Reﬁfrew
on Apr. 28, 1979. kt each of U4 locations one trap was baited
with lineatim only, one with (+)-sulcatecl, and one with
S-(+)-sulcatol; the latter 2 were also baited with ethaﬁol and
X-pinene. All chemicals were released as described in Exp. 1
(Chapter B). The traps were replaced weekly or biueeklf, and the
baits checked and replaceé or refilled if necessarye.

In order to ﬁefermine if a2ll 3 species of ambrosia beetles
were present at the Mac#illan-Bloedel Ltd. dryland sort at China
Creek, near Port Alberni, B.C., 12 traps baited as described

above were set up on Apr. 28 and removed after one week.

B8



At the termimation of Exp. 1 at Shawnigan (Chapter B), 12
traps, baited as described above, were left for survey purposes.
On Auge. 1 an additional 12 traps, baited with (2)-sulcatol,
ethanol anrd X-pinene a5 in Exp. 1 (Chapter B), were set up as
part of a pilot study of lindane-treated trap logs. Data from
this trap log study and Exp. T (Chapter B) were included in
survey data for Shawnigan.

All traps were removed on kov. 1. Processing of samples was

done as described for Expe. 1 (Chapter E).

Continued Survey and Preliminary Mass Trapping

Surveys were conducted at 2 drylané sorts to determine
population trendés from the previous year. At Shawnigan data from
Exp. Z (Chapter B) were used for survey. Trapping was
discontinued at the termination of this experiment on June 4,
with the exception of trapping of G, sulcatus in Exp. 11
(Chapter D), Sepe. 9-24, These data were also included inithe
sufvey.

On'Har. 1, 1980, 4 cylinder traps were set up at Port
Renfrew and baited with lineatin as described above. Another 8
traps, 4 baited with (#)-sulcatol and 4 with S-(+)-sulcatol, all
with ethanol ané «-pinene, were set up on Mar. 15. Kll chemicals
were released as in Exp. 5-7 (Chapter D).

kAt Socke a preliminary mass trapping was attempted. Forty

89



cylinder traps baited with lineatin were set uvp 15-30 m inside
the forest margin on Mare. 1, ané 40 drainpipe traps, 25 baited
with (t)-sulcatol and 15 with $-(+) -sulcatol, were set up at the
margin around the sort on Mar. 15. Up to #May 26 cylinder traps
were progressively moved out to the margin in an attempt to
obtain optimal efficiency. Fifteen cylinder traps were removed
on July 23 and $-(+)-sulcatol in drainpipe traps was replaced by
lineatin. The remaining 25 cylinder traps were removed Aug. 21.
Collections were made biweekly, andé samples were processed as
described for Expe. 2-4 (Chapter D). All drainpipe traps, and

cylinder traps at Port Renfrew, were removed on Oct. 18.

Mass Trapping 1961

A mass trapping program utilizing the most efficient tfaps,
as determined in Chapter D, was conducted at Sooke in 1981. Trap
placement was optimized based on the experience from the
preliminary mass trapping in 1980. On Mar. 11 - 12, 1981, 30
1961 funnel traps and 15 drainpipé traps attached to vane trap
stands were set upe. On Mar. 25, vanes were attached ta’the
stands to make combined drainpipe/vane traps. Baits for
drainpipe/vane traps were suspended low in the drainpipe, and in
funnel traps as in Fige. 43 (Chapter C). All traps were baited
with lineatin released as in Exp. 2 (Chapter D) and ethanol and

X-pinene as in Exp. 6 (Chapter D). Also on Mar. 11 - 12, 24 of
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the funnel traps and 12 of the vane traps were paited with

(t) ~sulcatol as in Exp. 7 (Chapter D), and on Kay & the
remaining 6 funnel traps and 3 vane traps were baited with
S-(+)-sulcatol released in the same manner as (#)-sulcatole.
Funnel traps were placed initieally 15 - 30 m inside the forest
margin, and up to June 3, progressively moved out to the margin.
Vane traps were set up in areas with high populations of T,
red alder or other vegetation as described in Exp. 8 (Chapter
D). As funnel traps were moved out, these were alsc placed in
channrels wherever possible. ARll vane traps were removed on Aug.
12, and S-(+)-sulcatol in & funnel traps was replaced with

(#) -suicatol. 411 funnel traps were removed on Oct. 21%1.
Collections were made biweekly, &nd processed as in Exp. 2 - &
(Chapter D). Vanes were brouyght to the laboratory, and total
catch estimated as described in Exp. 8 (Chapter D). Linear
correlations between catches on vane traps an& in drainpipe
traps‘uere determined for each species to estaﬁlisﬁ whether
catches in drainpipe traps could be used to estimate vane t£ap
catches. Une correlation was determined for each trap ahd
species, using the 7 sample dates as replicates (H), with the
objective of detecting different responses at different sites.
One correlation was also determined for each date for T,

lineatum and G. sulcatus, using the number of traps baited with

e B e i o e e —— o o e s S s

their respective pheromones as replicatés, to estaplish whether
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the proportional response to the trap combination was due to
trap shape or pheromone release, regardless of trap location and
corientation relative to the sort.

In early to mid-#ar., 5 trap bundles were placed on the ¥
edge of the sort by company personnel. They were baiied with
lineatin, &thanol and K-pinene, as described for the traps, on
Mar. 11 and 25. Three of these bundles were removed by mistake
on May 6, and in spite of repeated requests, the remaining 2
were never removed. Intentions to place more trap bundles around
the edge of the sort did not materialize. Only subjective

observations of attacks on the trap hundles were made.

80 trapping was done at Shawnigan or Port Renfrew.

lLog Sampling

In 1981 a small number of incoming logs were sampledé on 7
occasions as they were placed in log decks. From each of 2
logs/bandle sampled, a 20 x 20 cm area of bark on an accéssible
end of the log was cut out with a chainsaw, removed with a
chisel, and the number of attacks counted and recorded.'The same
log, or other logs in the same bundle depending on
accessibility, were resampled weekly or biweekly May 7 to July
2, and finally on Sep. 23. Kew bundles were sampled on each
occasion until July 2. In this manner the bundles were sampled a

minimum of 1 and a maximum of 7 times, depending on when they

(Vo]
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arrived in and were broucht cut of the sort.

Assessment of Sampling Technigue for Overwintering T. linsatum

Comparison of 2 methods for assessing T. lineatum in duff
samples revealed that there was no difference in emergence of T.
lineatum from 2 1 samples, although more beetles emerqed from
the garbage bag than from the milk carton in 4 out of the S
pairs (Paired t-test, p<0.05). However, when 1 1 samples were
compared over 2 weeks, the milk cartons were superior (Paired
t-test, p<0.05). ¥ery few beetles emerged from the garbagz bags,
possibly because th2y could not reach the emergence jar due.tc
folds in the plastic.

Large numbers of milk cartons can easily be stacked on
shelves, providing constant light for all sampless Garbége bags
are excellent for bulky samples, but require tooc much space in
extensive programse. ’

MY experiments show that small samples taken at the base of

tress, are as efficient for detecting ambrosia beetles as the

T ot e . . S i

improve precisicn.
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where 1ight intensity dreps approximately 50% over 50 m (Dyer
and Kinghorn 1361), and preferably in dark places (Chapman
1960a) « Comparison of the 4 sample gquadrants arcund trees showed
that significantly fewer beetles overwinter in guadrant 1 (14%),
which faces the sort, than in any other guadrant (29, 34, and
32% for quadrants 2, 3, and 4, respectively) (X2 test, P<U.01, K
= 545). Samples could therefore be taken on the far side of the
tree relative to the sort (quadrant 3), and more sanmple plots

could be established for higher precision.

Spatial Dbistribution and Population Trends of

Overwintering T. lineatun

The spatial distribution of overwintering beetles (Figé.
18-21) was fairly even at Shawnigan and China Creek (Figs. 19,
21), but localized in "hot spots"Y at Sooke (Fige. 18) and to some
extent at Port Renfrew (Fig. 20). £t Sooke, where this élumpinq
was most evident, hot spots in 1981 coincided with areas where
heavy attacks were noted the previous yvear. Thus, the ﬁetable
increase ot overwintering bteetles at site 2 (Fig. 18) was
probably due to heavily infested Yboom sticksY, which were left
in the SW corner of the sorting area until late fali.

Emergence of overwintering 1. lineatum from samples

collected in 1979 was high at Scoke, moderate at Shawnigan, and
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Figse. 18-19, Spatial distribution of overwintering T,
lineatum collected at the dryland sorts at Soocke (Fige. 18), and
Shawnigan (Fig. 19) on Vancouver Island, B.C. Nuombered diamond
symbols indicate approximate position of sampling site for
overwintering beetles shown in correspondingly numbered
histoyrams. Scale for each histogram anc year shown to the rignt
of each figure.
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Figs. 20-21. Spatial distribution of overwintering T,
linesatum collected at the dryland sorts at Port Renfrew (Fig.
20), and China Creek (Fig. 21) on Vancouver Island, B.C.
Numbered diamond symbols indicate approximate position of
sampling site for overwintering beetles shown in correspondingly
numbered histograms. Scale for each histogram and year shown to
the right of each figure.,.
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low at Port Kenfrew and China Creek (Table XIII). The following
year the emergence of males from overwintering samples was
reduced at Shawnigan and Port Renfrew, and total emergence was
reduced at Shawnigan (Table XIIl). In 1981 emergence from
samples taken at these Z sorts were similar to that‘of 1975, At
the newly opened dryland sort at China Creek (Apr. 1979) the
total emergence in 1981 had increased over that of previous
years, indicating that the population was increasing, possibly
because of the sort operation. However, there may have been
other reasons for the increase, since very little log storage
occurs at China Creek. There was no change in emergence from
samples taken at Sooke between 1981 and 1962 (Table X1III) in
spite of an estimated 2.2 million T, lineatum caught on
pheromone-baited traps in 1981. These data show that, with the
exception of 1980, the numbers of T. lineatun emerging from
infested logs within the sorts were relatively stable. In sorts
such as Shawnigan, with a relatively low log inventory and high
turnover, most emerging beetles are probably bfouqht into the
area with infested timber. At Sooke, with a high log inventsry
at most times, and with logs commonly remaining in the sort for
6 months or more, it is possible that a substantial proportion
of the brood is made up of offspring from previous year's

overwintering population.
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TABLE XIII. Mean emergence and sex ratios of T. lineatum from overwintering
samples collected at 4 dryland sorts on Vancouver lsland,

1979-1982%,

Sort Year Mean Emergence/Sample
Male/Female
Male Female Total Ratio
Sooke 1979 7.3 4.7 12.0 1.39
1980 5.5 4.4 9.9 1.12
1981 7.1 6.0 13.1 1.16
1982 7.2 5.2 12.4 1.18
Shawnigan 1979 3.8b 2.8 6.6b 1.63
1980 0.8a 0.8 1.6a 1.25
1981 2.6b 2.8 5.4b 1.35
Port Renfrew 1979 0.8b 0.4 l.2a 1.40
1980 0.la 0.3 0.4a 0.98
1981 0.9b 0.5 1.4a 1.32
China Creek 1979 0.6 0.9 l.5a - 0.96
1980 0.8 0.5 1.3a _ - L.31
1981 1.6 1.1 2.8b 1.50

aFor each area, means within columns followed by same letter not significantly
different, analysis of variance and Newman-Keuls Test, (P<0.05). Means
within columns not followed by letters, not significantly different,

analysis of variance, (P<0.05).
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Population Estimates of Overwintering T. lineatum

Sample transects from Shawnigan and Scoke in 1960 and 1982,
respectively, showed that T, linecatum will fly up to S0 m into
the forest to overwinter (Fig. 22) . Since the reqular
overwintering samples were biased for high population areas, 60
m was chosen to calculate total overwintering area. (Appendix
I). This distance was also used for Port Kenfrew and China Creek
although separate studies shculd be done for these areas if
overwintering samples are to ke used for population estimates in
the future.

Population estimates of overwintering T, lineatum indicated
an extremely high population at Sooke and low to moderate
populations at the other 3 sorts (Table XIV). Visual inspectiocn
for attack on log decks indicated that the population at Port
Renfrew was underestimated, since the attacks at this sort were
as heavy or heavier than those at Shawnigan. fhe forest margin
at Port kenfrew is not very distinct, except to’thé ¥, where
bheetles were never found (Fig. 20), and it is likely that brood
beetles leaving this sort to overwinter disperse more tﬁan they
do at Sooke or Shawnigan.

Overwinteriny samples are less reliable in areas with iil
defined forest margins since the beetles are not as |
concentrated, and where logging operaticns within a few miles of

the sort provide a source of immigrating beetles. T. lineatum
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Fig. 22. Mean distributions of overwintering T. lineatum
along transects sampled at 0, 30, 60, and 90 m into the forest
from the margin around the dryland sorts at Sooke and Shawnigan.
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TABLE XIV. Low and high estimates of overwintering populationsa, catches
on traps, and estimated population suppression of T. lineatum
at 4 dryland sorts on Vancouver Island, 1979-82.
) b b )
Sort Year Population Estimate Catch Suppression
(%)
High Low
Sooke 1979 4,725,000 2,680,000 67,000 1- 3
1980 3,898,000 2,205,000 458,000 12— 21
1981 5,162,000 2,925,000 2,257,000 44— 77
19682 4,946,000 2,837,000 —— ——
Shawnigan 1979 1,256,000 804,000 128,000 10~ 16
1980 304,000 195,000 94,000 31- 48
1981 1,029,000 659,000 —— —_—
Port Renfrew 1979 199,000 131,000 47,000 24— 36
1980 68,000 - 46,000 31,000 46- 67
1981 235,000 155,000 - —
China Creek 1979 372,000 196,000 e -
1980 311,000 165,000 —_— -
1981 683,000 361,000 — -

%See Appendix I for method.

b
Rounded to nearest 1,000.
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has been shown to fly up to 4 km (Dyer 1961), and a limited
immigration to the sorting area from the adjacent forest is
likely.

overwintering samples could be used to assess the efficacy
of trapping if infested timber was not broughkt into the sort or
remained there only for brief periods, i.e. 1 to 2 weeks, and if
timber attacked in the sort would be removed betore 6 weeks
after first attack. However, log management is dependent on
market conditions and a large inventory, as at Soocke,
facilitates the build-up of a large population of T. lineatum.
This build up was probably promoted by closure of the sort in
wmid-summer, 1981 due to poor market conditions, leaving a large
inventory of infested logs. Therefore, overwintering samples
should only be used to estimate the minimum potential tor damage
the following season. A& simple hazard index for that purpose was
devised by Chapman (1974), although this d4id not provide an
estimate of the total population.

The estimates of overwintering populationé maj at present
be unreliable, but by comparing trap catches, damage and |
overwintering estimates over several years, it should bé
possible to adjust these estimates to provide a reliable index

of actual population size.



Survey for Temporal and Spatial Distribution

Catches of all 3 species at Port Renfrew and Shawnigan,
where trapping efforts in 1979 and 1980 were relatively
constant, showed similar trends between the 2 years (Figs. 23 -
25) . The somewhat lower catches at Port Renfrew can largely be
explained by trap placement. In 1979 traps at this sort were
placed in the open, where some were repeatedliy destroyed by

black bears, Ursus americenus Pallas, residing on a nearby

garbage dump. In 1980 all traps were placed near or inside

sapling red alder, Alnus rubra (Bong.), stands, where the bears

over any obstacle, such as dense brush, regardiess of heignt
(TeL. ShoreS, unpublished data) .

At Shawnigan, high YcatchesY in late Mar. 1979 (Figs. 23 -
25) consist mainly of attescks on trap logs, iﬁcluding an
assumption that each attacking beetle was joineé bf a beetle of
the opposite s=x, i.e. the histograms for 1979 at Shauniqan‘shou
catch on traps + twice the estimated number of attacks on trap
logs. For T, lineatum this assumption may not be valid since
Shore et al. (1981) found that in 15 of 35 galleries failing to
produce brood one or both séxes were Eissing. |

—— A e i e o — T —————

in 1979, when trapping of all species was continued through
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dryland sorts on Vancouver Island,
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Fige. 24. Temporal distribution of G, sulcatus caught at 3
dryland sorts on Vancouver Island, 1979-80.
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Fig. 25. Temporal distribution of G, retusus caught at 3
dryland sorts on Vancouver Island, 1979-80.
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October, had been caught by mid Aug. at Sooke, late Aug. at Port
level was not reached until mid¢ Oct. at all sorts. These data
mean that trapping for G. retusus and T. lineatum can be
terminated by early Aug. This would wminimize the use of
S-(+)~-sulcatol and lineatin, both of which are expensive.

Populations of G. retusus were relatively low at all areas
surveyed. In 1979 the catch of this species at Shawnigan was 8%
of the total catch of all 3 species, whereas it was %% at Port
Renfrew and Sooke.

The spatial distribution of Ts lineatum caught on traps at
Soocke, Port Renfrew and Shawnigan corresponded fairly well to
the overwintering samples, although "hot spotsY were less
obvious at Socoke and Shawnigan. Rkt Sooke (Fig. 18) most T,

timber is stored, and in the SE corner, where boom sticks are

stored. Vane traps were concentrated in these positions  in 1581.

T e T i e e e

——— i cd st o S S

the NW corner, along the NE margin near the ¥ exit road, and
along the S margin, E of the S exit road. tTimber is not normally

stored close to the latter 2 areas. A&t Shawnigan (Fige. 19), T.

S e e, e . . e e

marked concentration at the W exit road as reported by Hclean
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(1980). G, retusus was most common along the S and E margins. &t

Port Henfrew (Fig. 20) all species were concentrated along the

R¥ margin.

Mass Trapping 19680 and 1961

At Sooke the increased number of traps in 1980 improved the
trapping results substantially (Figs. 23 - 25, Table XIV).
Approximately 458,000 T. lineatum, 219,000 G. sulcatus, &and
11,500 G, retusus were caught. Heavy attacks on log decks near
the ¥ margin and on boom sticks in the SE corner of the sori
were observed after the spring flight, showing that any impact
on damage as a result of removing these beetles was not evident.
The increése in catch of T. lineatum was not Gue to a higher
overwintering population, which remained constant between 1979
and 19380 (Table XIV). Brood beetles cf this species do not
respond to lineatin (W.W. Nijholt!,unpublished data). Hence,
only overwintered beetles, and some re-emergent adults |
abandoning their first gallery (Chapman aad Kinghorn 1958),: are
caught in pheromone-baited traps, whereas brood beetleé,emerging
from infested timber contribute only to the catch of the
following year.

Utilization of the more efficient vane traps for I,
lineatum and G. retusus, and increasing the coverall trapping

T - caats s e . —— i - oo . —

effort at Sooke in 1981, led to increased catches of all 3

114



species (Figs. 26 - 27). The extremely heavy flight of T,

this species. On nay 13 a nassive flight simply overwhelmed the
traps, and logs in the sort were literally covered by the
beetles. In spite of this Yfeilure" a total of more than 2.2
million I, lineatum, C.5 million G. sulcatus and 15,000 C.
Letusus were caught. More than 81% of all T. lineatum, 36% of G.

on vane traps
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(including the attached drainpipe traps).
One trap bundle had sustained heavy attacks on Apr. 9. By
Apr. 22 all trap bundles were attacked, and many log decks in

the sort were also damaged.

Estimates of Suppression

Comparison of trap catches with high and low estimates of
overwintering populations of T, lineatum (Table XIV) indicated
that a very low proportion was caught at Soocke im 1979, but that
the efficacy of the trapping increased with the higher trapping
efforts in 1980 and 1981. The high proporticn of the
overwintering beetles caught at Shawnigan and Port Eenfrew in
1980 was probably a result of low population estimates due to
poor emergence from the overwintering samples, which were wet
since they were collected during a rainy period. The high

percentage of the overwintering population caught at Sooke in
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Fig. 26. Temporal éistribution of T, lineatum caught in a

o it . o, v st s

mass trapping program at the dryland sort at Scocke, 15981,
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Fige 27. Temporal distribution of 2 Gnathotrichus spp.
caught in a mass trapping program at the dryland sort at Sooke,
1981.
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1981, using the low population estimate in the calculation,
suggests that the high population estimate should be used, since
observations of a heavy fli§ht in May indicated that a
substantial number of beetles flew past the traps. Heavy attacks

in the sort confirmed this.

brainpipe Traps for Estimates of Catch on Vane Traps

The caefficient of correlation {(r) for the correlation
between catches on vane traps ang in drainpipe traps was low for
T. lineatum (range 0.44 - 0.68, r=0.514 for p=0.05, § = 15)ron 5
of 7 dates, whereas they were high for 12 of 15 traps (range
0.9 - 0.98, r=0.754 for p=0.05, ¥ = 7), indicating that trap
placement affected the relative catch of the 2 components of the

ulcatus was generally

— . .

trap. The correlation coefficient for G.

itn
I

low (range 0.35 - 0.90 for 12 traps, r=0.754 for p=0.05, ¥ = 73
range 0.20 - 0.85 on 7 dates, r=0.756 for p=0.05, N = 12). For

retusus r was high for all 3 traps (range 0.96 - 0.99,

16

r=0.75¢6 fdr p=0.05, % = 7). Thus, this method for estimating
total catch on vane traps would be useful if a predictiﬁn
equation‘were calculated for each individual trap, if the trap
position was permanent and the environment in this position not

altered from one year to the next.
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Log Sampling

Very tew attacks could be detected on incoming logs. Of 42
logs sampled, only 2 were attacked, and had sustained 2.5 and
7.5 attacks/0.1 m2, respectively. Gray (19680) reported attacks
on 14 and 21% of the volume of Pouglas-fir and western hemlock,
respectively, arriving by train at the Canadian Forest Products,
Ltd., d4ryland sort at Beaver Cove on northern Vancouver Island.
It is possible that the sample size used in my study was too
small to detect low levels of attack.

Gray (1980) also reported substantial increases in attacks
on logs assembled in booms at the sort. Similariy, on logs
remaining at Sooke for a week or more, attacks/0.1 m? increased
from a mean of 18.3 (range 2.5 - 35.0) on 6 of 10 logs sampled
on May 28, to 2u4.6 (range 2.5 - 35.0) on 7 of 14 logs sampled on
June 14, and 40.0 (ramge 7.5 - B5,0) on 6 of 14 logs sampled on
July 2. These data irdicate that the bulk of tﬁe damage caused
by ambrosia bestles at Sooke in 1981 was due to’the-very large
resident population of T, lipneatum. It is @difficult to assess to
what extent Q; sulcatus contributed to the damage while it is
probably safe to assume that G. retusus is of very little
importance at Scoke.

Only the ends of logs sticking out of bundles at groand
level could be sampled. Although the attack densities observed

while sampling may not be representative, it is clear that heavy
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attacks occurred on legs in the Scocke dryland sort in 1981,

Attacks on logs brought into the sort were too few to be
detected by the small sanple size used. However, even 1
attack/log could constitute & substantial import of beetles into
the sort, since more thanm 1,000 logs may be hkrought in each daye.
Many of these logs would remein in the sort long enough for
brood beetles tc emerge.

In order to assess the level of attack on incoming logs it
would be of interest to have logs sampled regularly as the2y are
graded. Sampled logs could be marked and resampled at the
sawmill. In this way, problem areas in the forest could be
identified and appropriate measures taken to deal with them.
Where ambrosia beetle management is in operation, the efficacy

of the management measures could be reliably assessed.
ECOLOGICAL IMPLICATIONS

Mortality of ambrosia beetles by large scaie
pheromone-based trapping is undoubtedly an extremely important
mortality factor acting on the adult life stage. ’

Overwintering mortaelity of I. lineatum has been estimated
at 5 - 10 %4 (Chapman and Neitsch 1959; Chapman 1960b). Very
little is known about the impact of predators and parasites of

ambrosia beetles, or even their presence in North America

(Nijholt 1979). Although traps baited with certain bark beetle
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pheromones vield very high catches of clerid and trogositid
beetles (Dyer 1973; Bedard and Wood 1974; Bakke and Kvamme
1978), very few predators were caught throughout my study.
Furthermore, predaceous beetles were rarely seen on attacked
logs, indicating that they are of little significance in
ambrosia beetle population regulation.

Gther natural enemies, such as nematodes, are rare. Unlike
other scolytids, which may be the victims of many nematodes
(Massey 1974), T. lineatum collected in B.C. were only
occasionally parasitized by 1 species of nematode (Thong 1973).

Bark beetles utilize an essentially 2-dimensional resource
for their reproduction, and optimize the utilization of that
resource by olfactory and/or acoustic spacing mechanisms (Boréden
1982) . Ambrosia beetles inhabit the 3-dimensional sapwood, and
can effectively populate a host at extremely high densities,
particularly as the larvae are stationary in niches (cradles),
minimizing the chance of larvae encountering énd preying on each .-
other. Bttack-limiting wmechanisms would be of édapiive advantage
for T, lipeatum under natural conditions. Suitable loys are’
scarce since this species is limited to recently dead tfees for
successful establishment of its ambrosial fungus, which in turn
determines reproductive success (Dyer and Chapman 1965;
Christiansen and Saether 1968). Accordingly, T. lineatum malés
have been shown to produce an antiaggregation pheromone (Nijholt

1970, 1973b; Borden 1974: Klimetzek et al. 1981). NO such
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mechanism has been detected in Gpathotrichus sppe. (J.H. Bordene,
pers. comm.), which infests logs up to 2 years after felling
(Mathers 1935). However, environmental conditions which affect
host suitability, e.g. drying to suboptimal moisture levels
(McLean and Borden 1977a) due to exposure to the sun, would be
important to beetles in both genera.

In a dryland sort, suitable logs are readily available in
large numbers, and only extraordinarily high populations in
either genus of beetle would be affected by density dependent
mortality. The beetles normally aggygregate in high attack
densities even when suitable logs are abundant. Therefore, it is
unlikely that the impact of pheromone-based trapping could be
offset by a favorable effect on the reproductive success of
those beetles that escaped capture.

Although G. retusus is presently of little importance in

—— ——————— ———

any of the dryland sorts I studied, it is possible that by
regulation of G, retusus by competitiocn, e.g. inhibition af
fesponse to R-(-)-sulcatol produced by G. sulcatus (Borden et
al. 1980a, 1981a), may be removed. This could lead to iﬁcreased
Gs retusus populations. Therefore, it is important that this
species not be ignored altogether.

YResistance" to aggregation pheromones has not peen
discussed previously. In a large $cale pheromone~based trapping

program that continues over many generations of the target
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insect, it would be conceivakle that selection could occur for
beetles responding less to the synthetic phercomone than the
majority of the population. For example, a population might
contain individuals which only respond tc one enantiomer of a
pheromone and are repelled by the antipode.

It is not known if such variability exists in I, lineatum
production and response exists in populations of the bark
beetle, ips pini (Say). Califormia populations produce and
respond to R-(-)-ipsdienol and are inhibited from responding by
its antipode (Birch et al. 1980). New York populations produce
B-(-)- and S5-(+)-ipsdiencl and require both to respond (Lanier
et al. 1980). These data suguest that continued artificial
selection pressure could alter the nature of pheromone
production and response mechanisms of natural populations of
other scolytids, including ambrosia beetles. However, thevmass
trapping of ambrosia beetles in dryland sorts.deals largely with
immigrant populations from logging areas. The péreﬁts of
overwintering beetles should not have been exposed to the
pheromones used in mass trapping, provided that they stém from
logs brought into the sort and not from logs attacked there.
Thus, the chance for phercomotie induced selection is remote at
present. Should massive trapping programs ever be implemented at
loqging sites, as well as at dryland sorts, it may be of

interest to collect overwintering beetles from areas with and
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without am active pheromone-hased trapping program, and to do
comparstive studies on the nature of the pheromone produced and

the response of these beetles to synthetic pheromones.

IMPACT ASSESSHENT

The lack of routine sampling procedures for ambrosia beetle
attack in dryland sorts makes it very difficult to directly
assess the impact of pheromone-based trapping on damage.
Although the distribution of attacks on individual logs is known
(Dyer 1963; Chapter B), there is no documentation on the
distribution of attacks within & dryland sort. Visual
inspections of the sort at Scoke in 1980 and 14981 indicated that
heavy attacks occur near overwintering hotspots, particularly on
log ends facing the margir, whereas attacks on top of and
between log decks were few or moderate. It was not possible to
estimate attack densities within the decks.

The results of overwintering samples in 1981 énd 1982 show
that there is no difference in overwintering population before
and after the mass trapping program (Table XIII), but tﬁese data
are measures of T. lineatum brood emerqgence from attacked logs
in the sort. It is possibkle that the impact of the 2.2 million
Te. lineatum caught at Sooke‘in 1981 (Table XIV) prevented an‘
increase in the overwintering population, since a shutdown of

operations at the sort allowed attacked logs to remain in the
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area throughout the main period of brood emerdgence.

There are no reliapvle methods for damage assessment
available. DL, CGverhulser® (unpublished data) used
linsatin-baited Douglas-fir billets placed inside and outside
the trap barrier around 2 dryland sorts in Washington State.
Fewer attacks were recorded inside the barrier than outside, but
those results could be explained as a location effect (Dyer
1963), since the billets inside the sort were exposed to the sun
whereas those outside the sort were shaded by trees. Moreover,
there were far more potential hosts to compete with the baited
logs insiée than outside the sort.

& simplistic extrapolation may partially exemplitfy the
impact of removing 2.8 million ambrosia beetles, 1.25 million of
which were of the first attacking sex, trom the population at
Sooke. At attack densities of 1 (estimated), and 13.5
attacks/0.1 m2, which approximately correspord to pinholes
allowed on No. 2 and 3 Common Douglas-fir boafds (McLean 1980Db;
National Lumber Grades Authority 197C), with uﬁifdrmly
distributed attacks on 0.75 m diam. by 70 m lono logs, a toial
of 5,360 and 396 logs, respectively, would sustain attaék. If
the attack were limited to 1/3 of the log, representing the ends
in a log deck, the number of attacked logs at each density would
be 16,080 and 1,190.

Indirect eccnomic assessment of the impact of

pheromone-based mass trapping at Soocke could be attempted, but
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might be misleading since many zssumptions would have to be
made. Without extensive data on the species and grade of log
attacked, it would be impossible to attach a dollar value to
such an assessment, since the amount of deqgrade depends on the
gquality of the wood and the attack density (Dobie 1978). k study
designed to address these prleems is under way (T.L. ShoreS,
unpublished data). Even this study will not disclose the
economic impact of reprocessing or remanufacturing of lumber, or
rejection of otherwise acceptable products from the export
market, due to ambrosia beetle attack. The problem with loss of
clear facestock in the plywood industry is being addressed in

another study (J«A. McLean$, pers. Comm.) .
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Fe CONCLUSIONS ARD RECCOMHMENDATIORS

Hy studies exemplify the need for innovative approaches to
trap design, and the necessity of proper evaluation of traps and
trapping techniques before they are operationally employed in
pheromone-based management of scolytid beetles.

Logs baited with pheromone and treated with lindane uwere
not better than pheromone-baited traps. Lindane-treated logs are
deemed unsuitable for use in dryland sorts. Untreated trap logs
were efficient early in the season, but gradually lost their
attractiveness, becoming less efficient than sticky traps after
4 weeks. Selection of fall or winter felled logs of >30 cm diam.
and 23.0 cm sapwocod depth assures the suitability for ambrosia
beetle trap logs. Thus, placement of untreated trap log bundles
around a dryland sort is recommended, provided the bundles can
be removed no later than 6 weeks after initiai attack, ie.e.
before broocd emergence. | ‘

Previously untried traps, including the multiple funnel
trap, a new design, were tested against sticky traps. Wind
tunnel studies (N.D.P. AngerilliS and J.A. McLeanS, unpublisnhed
data) suggested the importance of trap aerodynamics and bait
placement in achieving optiﬁal trap efficiency. Although a

sticky vane trap was superior to all other trap types for T.

—— i s . s i o
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through the study of beetle hehavior as it relates to bait

A

i

placement, trap aerodynamics and further tield tests, has yet to
be accomplished. The multiple funnel trap is easily maintained
and transported, making it more desirable than sticky traps for
mass trapping operations. This trap type is now being produced
commercially (PMG-Stratford Ltd., Vancouver, B.C. ¥5Z 1C6), and
will be used for mass trapping of ambrosia beetles in several
dryland sorts in southern British Columbia andé tried on a
limited scale in Washington State in 1982 (K.G. Banfield?, S,
Burke?, and P. Mumby?; R.H. Heath®, pers. comm.)

Spatial and temporal distribution were established by
trapping for all 3 species. Trap placement for mass trapping at
Sooke was based on this information. & limited damage assessment
at Sooke in 1981 suggested that the bulk of attacks occurred by
resident beetles in the sort during this time.

Koutine sampling of damage on randomly cﬁosen incoming
logs, and preferably marking these logs so thaﬁ tﬁey can be
resampled at the sawmill, would greatly aid in identifying
problem areas guickly and thus allow for appropriate acfion to
be taken, ¢.¢g. altered log movement to prevent brood from
infested logs emerging in the sort, and trapping for containment
the following spring to prevent infestation of new logging

sites.
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bPneromone-pbased trapping is not a panacea for the ambrosia
beetie problem. Infested logs are continuously brought into a
sort and often 1l=ft long enough for brood bestles to emerge. G
sulcatus trood can be caught as they emerge whereas T. lineatum
w11l not respond to lineatin until the following spring.
Improved logging hygiene, rapid turnover of logs in the sorts,
and protective measures such as water misting (Richmond and
Nijholt 1972) or use of repellents (¥ijholt 1980) may all have
to be used along with phercmone-baited traps to alleviate the
threat posed by ambrosia beetles.

My studies show that employment of large numbers of
pheromone-baited traps strategically placed as a barrier around
a sort provides an effective means of trapping large numbers of
ambrosia beetles, and should be & valuable part of ambrosia:
beetle management. Where high populations are present, as at
Sooke, it is unlikely that damage can be prevented or even
reduced significantly by trapping alone. It ié extremely
important that infested timber be removed from(thé sort within 6
weeks of initial attack if the population is to be reduced;
Further operational mass trapping is necessary to develép, and
thereby fully realize, the potential cf phercmcne-based

management of ambrosia beetles in dryland sorts.

131



APPENDIX I

A BMETHOD FPOR ESTIMATING OVERWINTERING POPULATIONS

e T — — . —— ——

lineatus have been thoroug¢ghly investigated (Dyer and Kinghorn
1961). Based on data from that study, an equation for estimating
the total population (N) of overwintering beetles around a
dryland sort was derived. Fig. 28 illustrates the information
used in deriving this eguation.

Depending on light intensity, I, lineatum may overwinter up
to 150 m into the forest from the stand margin (Dyer and
Kinghorn 1961). At Sooke and Shawnigan beetles may overwinter at
least 90 m into the forest (Fig. 22). In order to estimate the
total overwintering area (TOAk) for these 2 sorts, 3 beetle
densities from transect samples (DT) were calculated by dividing
total number of beetles from transect samples by sample area,
where sample area was the total from O, anmd 30 m (0.08 m2); O,
30, and 60 m (0«12 m2); or @, 30, 60, and 90 m (0.16 m2)
samples. PBT's were then compared with the mean density of
overwintering beetles from permanent overwintering samples (DP)
from- that sort and year, and the eqguation which yielded & value

of DT cliosest to DP, but =till smaller, was chosen. The distance
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Fig. 28. Diagram illustrating areas used for estimating

e . o s -

Vancouver Island.
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used (60 m) to calculate TOR was the maximum included in the
total sample area for that eguation. With the aid@ of maps, a TOA
was then estimated for each area, assuming that this distance
was applicable to all sorts.
densities in litter (duff) within 0.9 m of trees (Dyer anrd
Kinghorn 1961). Therefore, ail duff samples were taken as close
to trees as possible, and the mean number of bheetles/mZ from the
samples at each sort were considered the maximum density of
beetles (X} at that sort. A high (Kh) and a low (Nl) estimate of
the population was made by varying the area (&) within which the
population density was X. For Rh it was assumed that the density
X extended to 0.9 m from each tree within TOE, and for N1 to
0.45 me To calculate the actual A, the mean basal area (BAR)
multiplied by the total number of stems (S) within TOA was
deducted from the area of S circles with the radius 1 m + mean
radius of trees for kh and 0.5 m + mean radius of trees for Ail.
The total number of beetles within A was then {Al i X) for K1,
and (Ah x X) for Nh. |
Regardless of tree species, the éensity of T. ;;ggéggg
overwintering in the bark on trees was found to bhe ca. 6C % of
the density in the adjacent duff (byer and Kinghorn 1961). The
density fell sharply at 0.9 wm and above. Thus, it was assumea
tha¢ the density of overwintering beetles in the bark of trees

was (Y = 0.6X). The mean area of 1 m of stem was calculated and
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multiplied by S for the total stem azrea (5A) with beetle density
Y. The total number of beetles overwintering in bark was then
calculated as (SA x Y).

#o direct information is available on the relative density
of T. lineatum in duff more than 0.9 m from trees. Based on Fig.
3 in Dyer and Kinghorn (1961), it was assumed that the density
of overwintering beetles in the area 0Al or OAh, outside the
perimeter of Al and Ah, respectively, was (Z = 0.15X). OAl and
OAh were calculated vy deducting the area of S circles with the
radius 0«5 m + mean radius of trees and 1 m + mean radius of
treses, respectively, from TOA. The total number of beetles
within OAl was calculated as (ORl x Z), and within OAh as (Cih x
Z) e

The tinal 2 equations used were then:

Bl = (A1 x X) + (Sa x ¥} + (OAl x 2Z)
and

Nh = (Ah x X) + (SA x Y) + (CAR x Z).
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TABLE XV. Data used for calculating estimated overwintering populations

of T. lineatum in 4 dryland sorts on Vancouver Island.

Socke Shawnigan Port Renfrew China Creek
Stand density “(stems/ha) 1,330 610 1,550
Basal area“ (mz/ha) 161 49.1 34.6
Mean tree diameter (m) .35 0.39 0.18
Length of margin (m) 2,000 2,200 1,100
Overwintering area (ha) 10 7.5 6.6

a ; . . ’
I am indebted to company personnel, who provided stand density and basal

area data.
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NOTES

tsafer Agrochem, Ltd., Saanichton, B.C. V0S 1HO.

2pepartment of Biological Sciences, Simon Fraser University,

Burnaby, Ee«eCe V5 1S6.

3R11 release rates were determined in the laboratory at 22 °C
and 70 % R.H. AEctual release rates in the field may vary

considerably due to environmental conditions.

“pPepartment of Chemistry, Simorn Fraser University, Burnaby, B.Ce.

V54 1s6.

SFaculty of Forestry, University of British Columbia, Vancouver,

BeCe VET 1WS.

¢¥eyerhaeuser Company, Western Forest Research Centre, -

Centralia, Wash. 98531, unpublished report.
TppG-Stratford, Ltd., 545 ¥. 8th Ave., Vancouver, B.C. V52 1Cé.

8pacific Forest Products, Ltd., Forestry Oftice, Saanichton,

BeCo VYOS TMO.
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