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Abstract Can. Ent. 117:1535-1543 (1985)nsecticide studies in vector control of Guatemalan Oncho.
To test the hypothesis that bark beetles and some associated insect species are attractedstreamlets. Jpn. J. Sanit. Zool. 34: 213-219¯
to ponderosa pines infected by Ceratocystis wageneri, insect visitations on 11 severely¯ A system for recommending dosage of Bacillus thurin,
diseased, 9 moderately diseased, and 10 apparently healthy trees were monitored fromsmall streams based upon stream width. Mosq. News 44:
1 August to 15 October 1972. Larger numbers of Dendroctonus brevicomis, D. pon-

:ceived: 1985 07 17; date accepted: 1985 07 17) derosae, Temnochila chlorodia, and buprestids were captured on diseased trees unin-
fested by bark beetles than on apparently healthy ones, thus possibly indicating attrac-
tion to diseased trees. There was strong evidence that D. valens and Spondylis upiforrais
were attracted more frequently to wounds on diseased than on healthy trees. Arrival
patterns of beetles were recorded for trees that became infested during the study. Pre-
dators became abundant on traps as bark beetle catches increased.

R6sum6
On a surveill6 l’arriv6e d’insectes sur I 1 arbres s6v~rement mala~des, 9 moyennement
malades et l0 apparamment sains, du 1 aofit au 15 octobre 1972, afin de tester l’hy-
poth~se voulant que les scolytes et certains insectes qui leur sont associds soient attir6s
par le pin ponderosa infect6 du Ceratocywtis wageneri. On a captur~ des hombres plus
~levds de Dendroctonus brevicomiw, D. ponderosae, Temnochila chlorodia et de
buprestes sur des arbres malades non infestds de scolytes, que sur des arbres apparam-
ment sains, indiquant une attraction possible vers les arbres malades. II est appam tr/~s
6vident que D. valens et Spondylis upiformis &aient attires plus fr6quemment aux
blessures sur des arbres malades que sur des arbres sains. On a not6 1’6volution de
l’arriv6e des insectes sur des arbres qui sont devenus infest6s au cours de l’6tude.
L’abondance des pr6dateurs sur les pi6ges a augment6 avec l’augmentation du nombre
de col6opt6res de 1’6corce capturfs.

Introduction
The fungus Ceratocystis wageneri Goheen and Cobb (= Verticicladiella wageneri

Kendrick) causes black stain root disease of several western conifers, including ponderosa
~ine (Pinus ponderosa Laws.) in California. Diagnostic evidence of infection by C. wag-
neri is a brown to black stain in the sapwood of host roots and lower stems. The darkly

i~igmented hyphae grow through the xylem tracheids, pass from cell to cell through bor-
dered pit pairs, and interfere with water uptake (Smith 1967). The health of most infected
trees declines rapidly, and the trees die within a few years. However, ponderosa pines
rarely die from the effects of C. wageneri infection alone. Instead, most are infested by
bark beetles before they are killed.

In areas where the fungus is active, a high proportion of all trees killed by bark beetles
shows evidence of infection by C. wageneri. Based on these observations, it has been
suggested that C. wageneri plays an important role in maintaining endemic bark beetle
populations by predisposing trees to infestation (Cobb et al. ]’974). The mechanism by
which bark beetles locate and kill disease-weakened trees preferentially has been a matter
~or conjecture (Cobb et al. 1968; Moeck et al. 1981; Wood 1972). Bark beetles may land
on trees at random, successfully infesting only those trees that are weakened, or alterna-
tively, they may be attracted to such trees. The objective of the present investigation was
to determine if there is an increase in visitation rates prior to infestation that might indicate
attraction to C. wageneri infected trees.

~Present address: United States Forest Service. Forest Pest Management. Region 6, PO Box 3623, Portland, Oregon, USA
~7208.
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Materials and Methods at the beginning of the study, arid mealThe study was made from mid-July to mid-October 1972, along the margin of a 30- was 70%. Four trees were infested by l
ha area of dead and dying ponderosa pines situated at an elevation of 1400 m on the

and 2 by both species. Determination
University of California Blodgett Research Forest, El Dorado County, California (38°5,~’

examining galleries under the bark afte~N, 120"40’ W). Ceratocystis wageneri and 2 species of bark beetles, Dendroctonus bre.
D. brevicomis infested alone, beetlesicomis LeC. and D. ponderosae Hopkins (Coleoptera: Scolytidae), were associated wi~i
periods during which no D. brevicomis w,the mortality,
by D. brevicomis alone (Fig. 2 A andOn the basis of the p~portion of root crown circumference colonized by C. wageneri,
traps prior to infestation. Also. a small3 categories of trees were chosen for study: (a) apparently healthy -- no evidence 
of infestation by D. brevicomis. Numb

colonization at the root crown; (b) moderately diseased ~ 1-49% of the root crown col- spread over a longer period on trees
onized; and (c) severely diseased -- 50--100% of the root crown colonized. Some of the

(Fig. 1C and 2C) when compared withapparently healthy trees might have had root infection, but previous studies (unpublished)
infested by D. ponderosae alone or in chave shown that C. wageneri usually causes substantial effects on host physiology only
precipitous increase and fewer beetlesafter the fungus has reached the root crown,
alone. All but 1 of the infested trees wer~

Foliage symptoms, proximity to areas with trees infected by C. wageneri, and pre~ September. On this tree. D. brevicomis aence of the red turpentine beetle, D. valens LeC., in the lower boles were aids in findir~
beginning in mid-August. During the nediseased trees. Information on attacks by D. valens was used because observations ha~
resin, resulting in formation of pitch tubeindicated that the beetle occurred more frequently on C. wageneri infected trees than on
bark removal showed that only D. pond~healthy ones. The proportion of root-crown colonization was determined by driving a 6-

Predators became abundant on tr,qtmm arch-punch into the sapwood at 15-cm intervals around the base of each tree, removing
Enoclerus lecontei Wolcott was capture

the sapwood cores, and computing a percentage on the basis of the proportion of cores D. ponderosae, and E. sphegeus (F.)
with characteristic stain (Goheen and Cobb 1980).

alone. Enoclerus lecontei often " oared
Thirty codominant (crowns in the overstory) ponderosa pines 30-50 cm in diameter

Buprestid galleries and 1~ ere
at 1.4 m above ground (d.b.h., diameter breast height) which showed no evidence of prior

time bark beetles were capturecl. .,~e n
bark beetle attacks were chosen for study. Ten trees were apparently healthy, 9 wer~

as Melanophila calo~ornica Van Dyke.
moderately diseased, and 11 were severely diseased. All trees were in the same area alon,_, eased trees well in advance of Dendrocthe margin of the infection center, where infection of many trees was current, and all tree~,

constructing galleries in the top of 1 tr¢
including healthy ones, were chosen relative to spacing and location to minimize differ-

infested by both D. ponderosae and D.ences in exposure to insects. Percentage circumference stained by C. wageneri, d.b.h.,
traps.crown class, height, and foliage symptoms such as yellowing of needles and reduction in

Before comparing disease categofi
quantity of foliage were recorded for each tree. severely diseased trees were excluded bec

Six 15 × 30 cm traps made from rigid, 6-mm-mesh hardware screen coated with installation, and 1 healthy tree was exch
Stickem Special®-~ were mounted, 2 each at heights of 2, 7, and 11 m to monitor insects infested, resulting in increased insect visil
landing in each tree. Traps were attached to nylon twine, and all trees were rigged so there

numbers of D. brevicomis and D. ponde~traps could be lowered and examined on the ground. The traps covered approximately 1’,
on diseased trees than on healthy ones

of the stem below the live crown of each tree. Dendroctonus brevicomis, D. ponderos~t,
trend. However, numbers of capturedlps spp., buprestids, and the important bark beetle predators Enoclerus spp. (Coleopterz~:

The test for possible primary attracCleridae) and Temnochila chlorodia Mannerheim (Coleoptera: Trogositidae) were removed diseased versus healthy trees that had D
from the traps and counted daily or every other day from 1 August until sample trec~ captured on them but did not become in
became infested, or until 15 October, whichever occurred first,

infested but had insects captured on themThe frequent examination of traps was made to determine when visitation rates
On these infested trees, we concluded thalincreased prior to bark beetle infestation (i.e. successful attack) and whether visitation
days before mass attack were probably no

rates differed between healthy and diseased trees. Based on the data collected, trees were Every 2-3 days a Swedish climbing ladd
divided into 2 groups, those with no beetle trapped on them and those with 1 beetle ~ any evidence of beetle boring activity. Ti
more. A contingency table was prepared and Chi-square and Fisher’s exact test were use~’

also confirmed through use of the ladder
to test for differences between the apparently healthy and the diseased-tree categories, attack such as oleoresin oozing from entr

of pitch tubes.
Results Both D. brevicomis and D. ponderc

Between 1 August and 15 October 1972, 7 of the severely diseased trees became eased trees than of healthy trees/’~-hle 2
infested by bark beetles. Six of the infested trees had exhibited foliage symptoms of disease between severely diseased or t~ ~as~

at P<0.05. The differences wit~. revi
-’Michel and Pelton Co., Emeryville. CA. USA 94608.

the comparison between diseased and hea
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~’ ’s at the beginning of the study, arid mean stem circumference colonized by C. wageneri~ was 70%. Four trees were infested by D. brevicomis alone, 1 by D. ponderosae alone,
t- .r 1972, along the margin of a 30-

and 2 by both species. Determination of beetle species infesting each tree was made by
ituated at an elevation of 1400 m on the
est, El Dorado County, California (38°54’ examining galleries under the bark after tree death. In 2 cases (Fig. 1 A and B) where

~ecies of bark beetles, Dendroctonus brev-
D. brevicomis infested alone, beetles appeared suddenly in large numbers following
periods during which no D. brevicomis were trapped. The other 2 trees that became infested¯ .optera: Scolytidae), were associated with
by D. brevicomis alone (Fig. 2 A and B) had only a small number of D. brevicomis on
traps prior to infestation. Also, a small number of D. ponderosae was trapped at the time

~ circumference colonized by C. wageneri, of infestation by D. brevicomis. Numbers of D. brevicomis trapped were smaller and
ia) apparently healthy -- no evidence of spread over a longer period on trees infested by both D. brevicomis and D. ponderosaediseased -- 1-49% of the root crown col-

(Fig. 1C and 2C) when compared with trees infested with D. brevicomis alone. Trees
of the root crown colonized. Some of the infested by D. ponderosae alone or in combination with D. brevicomis exhibited a less
"ection, but previous studies (unpublished)
.~bstantial effects on host physiology only

precipitous increase and fewer beetles than was observed for those with D. brevicomis
alone. All but 1 of the infested trees were killed in August. One (Fig. 3) was killed in late
September. On this tree, D. brevicomis and D. ponderosae were trapped in small numbers

a trees infected by C. wageneri, and pres- beginning in mid-August. During the next 6 weeks, the tree exuded copious amounts of
S., in the lower boles were aids in finding
alerts was used because observations had resin, resulting in formation of pitch tubes at attack sites. When the tree finally was killed,

bark removal showed that only D. ponderosae had constructed galleries.:tly on C. wageneri infected trees than on
Predators became abundant on traps as bark beetle catches increased (Fig. 1-3).onization was determined by driving a 6-

Enoclerus lecontei Wolcott was cap.tured on trees infested by both D. brevicomis andlals around the base of each tree, removing
~e on the basis of the proportion of cores D. ponderosae, and E. sphegeus (F.) was captured on trees infested by D. brevicomis

;0).
alone. Enoclerus lecontei often appeared 1 or 2 days before D. brevicomis was trapped.

Buprestid galleries and larvae were found under the bark of 5 infested trees at they) ponderosa pines 30-50 cm in diameter
time bark beetles were captured in large numbers. Most of these were identified tentativelyaeight) which showed no evidence of prior
as Melanophila californica Van Dyke. Evidence indicated that buprestids attacked dis-n trees were apparently healthy, 9 were
eased trees well in advance of Dendroctonus spp. Ips paraconfusus Lanier was found

~sed. All trees were in the same area along constructing galleries in the top of l tree infested by D. ponderosae alone and 1 treem of many trees was current, and all trees,
and location to minimize differ- infested by both D. ponderosae and D. brevicomis, but it was captured infrequently on

nl stained by C. wageneri, d.b.h., traps.
Before comparing disease categories relative to incidence of captured insects, 2

~ as yc~Jowing of needles and reduction in
severely diseased trees were excluded because they became infested immediately after trap

5-mm-mesh hardware screen coated with installation, and 1 healthy tree was excluded because a diseased tree 2 m away became

ghts of 2, 7, and 11 m to monitor insects infested, resulting in increased insect visitation on that tree as well. With these exclusions,

9n twine, and all trees were rigged so that numbers of D. brevicomis and D. ponderosae captured on traps were consistently higher
on diseased trees than on healthy ones (Table 1). Only E. lecontei showed an opposite

and. The traps covered approximately 1%
~endroctonus brevicomis, D. ponderosae, trend. However, numbers of captured insects were small in all cases.

tle predators Enoclerus spp. (Coleoptera: The test for possible primary attraction was based on comparisons of numbers of

~(Coleoptera: Trogositidae)were removed diseased versus healthy trees that had D. brevicomis, D. ponderosae, and/or buprestids

er day from 1 August until sample trees captured on them but did not become infested during the study, plus those that became

:r occurred first, infested but had insects captured on them at least 8 days prior to infestation (mass attack).

nade to determine when visitation rates On these infested trees, we concluded that the small numbers of insects captured 8 or more

successful attack) and whether visitation days before mass attack were probably not attracted to the tree by bark beetle pheromones.

s. Based on the data collected, trees were
Every 2-3 days a Swedish climbing ladder was used to examine critically these trees for

9ped on them and those with 1 beetle or any evidence of beetle boring activity. Time of beetle infestation was considered and was

i-square and Fisher’s exact test were used also confirmed through use of the ladders and critical examination to detect evidence of

:althy and the diseased-tree categories, attack such as oleoresin oozing from entry galleries, boring dust, and early development
of pitch tubes.

; Both D. brevicomis and D. ponderosae were trapped on a larger proportion of dis-
eased tries than of healthy trees (Table 2). In the case of D. ponderosae, the differences

7 of the severely diseased trees became between severely diseased or total diseased and healthy trees were statistically significant
had exhibited foliage symptoms of disease at P<0.05. The differences with D. brevicomis were not significant at P<0.05; however,

the comparison between diseased and healthy trees yielded a probability (0.16) that points
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l A ~ D. brevicomis 250 A
210 ~ D, ponderosae

~
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~IG. ~. Numbers o~ ~ark beetles and predators ~rapp~d over time on ~er~oc~xti~ w~eneri n~e~ted ponderosa
R~. 2. ~umbers o~ bark bee[l~s and predators trapppin~s prior Io ~viden~e o~ initial beefl~ infestation. Trees A and B became in~s[~d by ~endrocto~x brevicomi~
pin~s prior Io evidence of initial beetle infestation.alone while ~ became in~ested b~ both D. bre~icomix and ~. po~derox~e,

alone while ~ became in~ested by

Io po[ential significance with a ]ar~er sample size. There were no si~nifican~ differences
in propo~ions o~ [tees wilh buprestids. Numbers o~predalors (~. leco~zei and T. c~lorodi~) healthy [ree (I0%), 3 moderately diseas~
were so small ~hat no statistical a~a]yses were made. (5~%). Average numbers o~ attacks per

De~droczo~x wle~x oRen at[ac~ed trees at wounds made with the arch-punch. When moderately diseased trees, and 3.7 for
trees were examined ] week after wounding, ~. v~Ze~x attacks occu~ed in wounds on ]

~hat subsequently were monitore~
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time on Ceratocystis wageneri infected ponderosa F~G. 2. Numbers of bark beetles and predators trapped over time on Ceratocystis wageneri infected ponderosa
ld B became infested by Dendroctonus brevicomis pines prior to evidence of initial beetle infestation. Trees A and B became infCsted by Dendroctonus brevicomis
brevicomis and D. ponderosae, alone while C became infested by both D. brevicomis and D. ponderosae.

There were no significant differences "
fpredators (E. leconteiand T. chlorodia) healthy tree (10%), 3 moderately diseased trees (33%), and 6 severely diseased trees
ade. (55%). Average numbers of attacks per attacked tree were 1.0 for healthy trees, 2.6 for
¢ounds made with the arch-punch. When moderately diseased trees, and 3.7 for severely diseased trees. In a sample of 256 trees
valens attacks occurred in wounds on 1 that subsequently were monitored for disease increase at 3- to 12-month intervals over a
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I D brevicomis
Table 2. Proportion of healthy and Ceratocystis wc

were captured at Blodgett Reseat(
~ D. ponderosae

~ E. lecontei
Disease class Total no. trees D

U3 ~ E. sphegeus
I-- Severely 9
U 3 #/ Time of infestation diseased

~ Moderately 9
~ diseased

Total 18
It. diseased0 2 ~ Healthy 9

I.tJ ~ ~ *Includes non-attacked trees and attacked trees with insec
f’~ ~ ~ ~’Ratios followed by the same letter are not significantly c

Z ~ ~ centers of C. wageneri. Beetles began ar~

~ ~.: of beetles captured on healthy and dise~
~: ~ 9.7, respectively. Spondylis upiformis d:

~ and diseased trees monitored during the
:~ ~ ~ rates were significant (P<0.05, T-test

14171 1151191231 27 I 31 4I 8 112 1201 24 1
unwounded trees and between wounded

AUGUST SEPTEMBER D
FIG. 3. Numbers of bark beetles and predators trapped over time on a Ceratocystis wageneri infected ponderos~ Many investigators have obs,, red I

pine prior to infestation by Dendroctonus ponderosae, been injured by drought, flood, intense
have been implicated in predisposing fc

4-year period, similar patterns of attack by D. valens were observed (Table 3). The pro- Keen 1960; Rudinsky 1962; Norris 196,
portion of trees exhibiting D. valens attacks in wounds lweek after wounding was 7-8 Kangas 1971; Cobb etal. 1974; Ferrell 1!
times greater for infected than for healthy trees. Among attacked trees, those infected by Results of the present investigation confir
C. wageneri had 2-3 times as many attacks as healthy trees. Differences between healthy et al. 1974; Goheen and Cobb 1980; 1~
and diseased trees in numbers of trees attacked by D. valens and in numbers of attacks preferentially infest C. wageneri infectec
per tree were significant (P<0.05). The selectivity exhibited by bark bee

A cerambycid, Spondylis upiformis Mannerheim, was also observed at wounds at trees has led investigators to postulate tl-
bases of trees. In June 1975, a sample of 6 C. wageneri infected and 6 uninfected pon- or weakening may result in production of
derosa pines were injured by chopping with an axe to the sapwood on at least 2 sides oI beetles (see review by Moeck et al. 19811
each tree. Healthy and diseased trees were in the same areas around margins of 2 infectio~ gation pheromones makes confirmation ol

ever, primary attraction has been demons
Table 1. Mean numbers of insects trapped per tree on apparently healthy and Ceratocvstis wageneri infected sia beetles (Cade et al. 1970; Chapman 19

ponderosa pines at Blodgett Forest, California, from 1 August to 16 October 1972

Table 3. Proportion of trees attacked byMean no. of insects trapped per tree
and mean number of attacks per tree ot

Disease No. Dendroctonus Dendroctonus Enoclerus Temnochila healthy
class trees brevicomis ponderosae Buprestidae lecontei chlorodia

Moderately Disease No.
category treesdiseased 9 3.6 0.8 0.8 0.3 04

Severely Healthy 136
diseased 9* 2.0 1.7 0.2 1.3 0.3 Moderately

Total diseased 90
diseased 18 2.8 1.2 0.5 0.8 0.4 Severely

Healthy 95 1.3 0.1 0.4 1.0 0 diseased

*Reduced from 11 to 9 because 2 trees were mass attacked at the beginning of the study. *Proportions and means followed b) ~me
fReduced from 10 to 9 because 1 tree was adjacent to a mass-attacked tree. and Cox test for comparing sample means wit

tBased on attacked trees only, not on total nu
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Table 2. Proportion of healthy and Ceratocystis wageneri infected ponderosa pines* on which tree-killing insects
were captured at Blodgett Research Forest from 1 August to 16 October 1972

Percentage of trees with 1 or more insectst

Disease class Total no. trees D. brevicomis D. ponderosae Buprestidae

Severely 9 67A 89A 33A

i!

diseased
Moderately 9 78A 44AB 44A

~ diseased
~, Total ! 8 72A 67A 39A

~ diseased
Healthy 9 44A 22B 33A

~t ~
*Includes non-attacked trees and attacked trees with insects of the attacking species present at least 8 days prior to mass attack.

~,~ ~
tRatios followed by the same letter are not significantly different at P>0.05 (Fisher’s Exact Test).

~,, ~ centers of C. wageneri. Beetles began arriving 15-40 min after wounding. Mean numbers

tilil I ~~~ J

of beetles captured on healthy and diseased trees within 2 h of wounding were 3-0 and
" ~ 9.7, respectively. Spondylis upiformis did not land on any of the 12 unwounded healthy

~. and diseased trees monitored during the study. Differences between S. upiformis landing
~ ~ rates were significant (P<0.05, T-test for paired comparisons) between wounded and

.... unwounded trees and between wounded diseased and wounded healthy trees.

SEPTEMBER Discussion

Many investigators have observed that bark beetles normally infest trees that have
over time on a Ceratocystis wageneri infected ponderosa been injured by drought, flood, intense cold or heat, lightning, or fire. Pathogens also
, Dendroctomts ponderosae, have been implicated in predisposing forest trees to attack by bark beetles (Miller and

Keen 1960; Rudinsky 1962; Norris 1964; Nourteva and Laine 1968; Felix et al. 1971;

sD(
,s were observed (Table 3). The pro- Kangas 1971; Cobb et al. 1974; Ferrell 1974; Hertert etal. 1975; Ferrell and Smith 1976).

. nds 1 week after wounding was 7-8 Results of the present investigation confirm earlier work (Wagener and Mielke 1961 ; Cobb
’ees. ,~mong attacked trees, those infected by et al. 1974; Goheen and Cobb 1980; Moeck et al. 1981) indicating that bark beetles
as healthy trees. Differences between healthy preferentially infest C. wageneri infected trees.
:ked by D. valens and in numbers of attacks The selectivity exhibited by bark beetles in infesting often widely scattered, weakened

trees has led investigators to postulate that physiological changes associated with injury
[annerheim, was also observed at wounds at or weakening may result in production of primary attractants, i.e. odors detectable by bark
, C. wageneri infected and 6 uninfected pon- beetles (see review by Moeck et al. 1981). The fact that many bark beetles produce aggre-
~ an axe to the sapwood on at least 2 sides of gation pheromones makes confirmation of primary attraction in living trees difficult. How-
~ the same areas around margins of 2 infection ever, primary attraction has been demonstrated for many species of scolytids, e.g. ambro-

sia beetles (Cade et al. 1970; Chapman 1962; Graham 1968; Moeck 1970) and bark beetles
~ apparently healthy and Ceratocystis wageneri infected
fornia, froln 1 August to 16 October 1972

Table 3. Proportion of trees attacked by Dendroctonus valens within 1 week of wounding
can no. of insects trapped per tree and mean number of attacks per tree on Ceratocystis wageneri infected and apparently

droctonus Enoclerus Temnochila
healthy ponderosa pines

~derosae Buprestidae lecontei chlorodia
Disease No. Percentage Mean no. of

category trees trees attacked*,, attacks*,t per tree

0.8 0.8 0.3 0.4
Healthy 136 6A 1.2A

1.7 0.2 1.3 0.3
Moderately

diseased 90 41B 2.5B

1.2 0.5 0.8 0.4
Severely

diseased 80 53B 3.3C
0.1 0.4 1.0 0

*Proportions and means followed by the same letter are not significantly different at P>0.05 ICocbran
the beginning of the study, and Cox test for comparing sample means with unpaired observations and unequal variances).
.attacked tree. ]’Based on attacked trees only, not on total number of trees.
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(Jantz and Rudinsky 1966; Rudin~ky et al. 1971; Moeck 1978). Attempts to demonstrate Felix, L.S., B. Uhrenholdt, and J.R. Parmeter..It
bolleanum subspecies pauciflorum on Abiesprimary attraction in living trees have failed for many species, including D. brevicomis

Ferrell, G.T. 1974. Moisture stress and fir engr;and D. ponderosae (Moeck et al. 1981).
true mistletoe. Can. Ent. 106: 315-318.The present study covered only a short time period and was made with a small number Ferrell. G.T., and R.S. Smith, Jr. 1976. Indicato

of trees. Nevertheless, the data showed that D. brevicomis and especially D. ponderosae in sapling white fir. For. Sci. 22: 365-369.
tended to be present more often on diseased than on healthy trees. These differences may Goheen, D;J., and F.W. Cobb, Jr. 1980. Infestati
be due to primary attraction, but the possibility that they are due to pheromones rathcr beetles in the Central Sierra Nevada. Can. E

Graham, K. 1968. Anaerobic indication ofprim;uthan primary attraction cannot be excluded. In spite of intensive efforts to monitor arv~ 905-908.
bark beetle attack, an isolat, ed attack that conceivably could result in low level pheromon~ Hertert, H.D., D.L. Miller, and A.D. Partridge. 1
production might have gone undetected. Moeck et al. (1981) found no evidence of primary root rot pathogens in grand fir in Northern ld
attraction of D. brevicomis or D. ponderosae by C. wageneri infected trees in similar Jantz, O.I., and J.A. Rudinsky. 1966. Studies oftl

pseudotsugae Hopkins. Oregon State Univ. Astands when attempts were made to exclude beetle access with screens. In our study there
Kangas, E. 1971. Zum Vorkommen Von Pitvol#is little doubt that S. upiformis is attracted preferentially to wounds at the bases of infected Ann. Ent. Fenn. 37: 27-30.

trees. The higher incidence ofD. valens on diseased trees than on symptomless trees is a Miller, J.M., and F.P. Keen. 1960. Biology and,
result of higher attraction to and/or arrestment at diseased trees (see also Goheen and Cobb Misc. Publ. 800.381 pp.
1980; Moeck et al. 1981). Moeck, H.A. 1970. Ethanol as the primary attract~

tera: Scolytidae). Can. Ent. 102: 985-995.The mass-attack phenomenon involving attraction of large numbers of bark beetles ~ 1978. Field test for the primary attraction
to trees in response to pheromones produced by the earliest arrivals is now a well under- Notes 34: 8.
stood aspect of bark beetle biology (Borden 1982; Wood 1982). However, documentation Moeck, H.A., D.L. Wood, and K.Q. Lindahl, Jr.
of mass attack is based on only a few field studies. Wood and Vit6 (1961) presented data Scolytidae) attacking Pinus ponderosa, with

brevicomis. J. Chem. Ecol. 7: 50-83.on arrival sequence of I. paraconfus~s on naturally infested trees, but to date, studies of
Norris, D.M., Jr. 1964. In-flight dispersal and oric

sequential arrival of Dendroctonus spp. and their associates have been done primarily on and S. quadrispinosus Say.) (Coleoptera) to tt
artificially baited trees (Camors and Payne 1973), although Stephen and Dahlsten (1976a, Congress of Entomology, July 8-t6. I ’~ndon.
1976b) included several naturally infested trees in tfieir studies. Data obtained in the pres- Nourteva, M., and L. Laine. 1968. Ube

(Fomes annosus (Fr.) Cooke). Ann nnent study show that the arrival pattern ofD. brevicomis on naturally infested trees is similar
Rudinsky, J.A. 1962. Ecology of Scol.vt~ ¯ ~. R~to the mass attack pattern observed on baited trees. The bark beetle predators E. lecontei
Rudinsky, J.A., V. Novak, and P. Svihra.1971.and T. chlorodia often arrive at the same time (Stephen and Dahlsten 1976a, 1976b) an~t a male-produced pheromone. Z. Angew. 1:

shortly before the main body of bark beetles, indicating efficient detection of, and rapid Smith, R.S., Jr. 1967. Verticicladiella root disease
response to, bark beetle pheromones. Because of the predictability of bark beetle attack, Stephen, F.S., and D.L. Dahlsten. 1976a. The terns:
C. wageneri infected trees constitute an excellent natural system for the study of arrival in ponderosa pine. Can. Ent. 108: 271-282.

~ 1976b. The arrival sequence of the arthmp~patterns of bark beetles and their associates. (Coleoptera: Scolytidae) in ponderosa pine. Ca,
Wagener, W.W., and J.L Mielke. 1961. A stainin
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