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ABSTRACT Augmentation of entomophagous insects with synthetic attractants for control
of mountain pine beetle, Dendroctonus ponderosae Hopkins, was evaluated in lodgepole
pine, Pinus contorta var. latifolic Engelmann, stands located in central Idaho and north-
eastern Oregon. The clerid predator, Thanasimus undatulus (Say), was the only species that
responded to sticky traps baited with either frontalin or exo-brevicomin. Significantly more
adults responded to frontalin, and exo-brevicomin was eliminated from subsequent tests.
Frontalin was successful in augmenting 7. undatulus adults on trees baited either before
{May-mid-July) or during (mid-July-September) the mountain pine beetle flight period.
Baiting before the bark beetle flight period was most effective in augmenting T. undatulus,
because baiting was concurrent with peak flight activity of the clerid. Frontalin, in associ-
ation with the host trees, also attracted mountain pine beetle when used during the latter’s
flight period. Augmentation of T. undatulus adults without aggregating mountain pine
beetle was accomplished by removing the attractant before the flight period of the latter.
Baiting brood trees in this manner increased the incidence of T. undatulus larvae 3-fold,
- and mortalily of emerging mountain pine beetle adults by 7.1%, but did not significantly
reduce pine beetle brood survival or consequent tree mortality. However, the influence of
the substantially increased predator population may be synergistic with other control tactics,
and the use of frontalin should be considered sericusly within a pest management program.

PHEROMONES OF numerous insects have been iso-
lated, identified, synthesized, and utilized success-
fully to manipulate pest populations (Birch 1974).
Recent studies have shown that a great potential
also exists for manipulating entomophagous insects
with pheromones. In a discussion on the use of
pheromones to promote action by beneficial insect
parasites, Jones et al. {1976} noted that such chem-
icals enhanced the host-finding ability, increased
the retention time (duration on host) and promot-
ed egg release of two hymenopteran parasites of
Heliothis zea (Boddie). Laboratory and field stud-
ies by the same workers have shown that enhance-
ment of these characteristics produced substantial
reductions in the pest population.

Several synthetic pheromones used primarily to
manipulate bark beetle populations also attract
certain entomophagous insects (Bordem 1082).
Adults of the predacious clerid, Thanasimus un-
datulus (Say), were strongly attracted to synthetic
frontalin in stands of Douglas-fir, Pseudotsuga
menziesii (Mirb.) Franco, infested with the Doug-
las-fir beetle, Dendroctonus pseudotsuga Hopkins
(Furniss and Schmitz 1971, Rudinsky et al. 1972,
Borden 1977, Schmitz 1978). Schmitz (1978) sug-
gested that frontalin could be used to concentrate
predator populations on trees currently under at-

tack by bark beetles. Similarly, exo-brevicomin has
served as an effective attractant to Temnochila
chlorodia (Mannerheim) in Douglas-fir (Pitman
and Vité 1971) and ponderosa pine, Pinus pon-
derosa Laws., stands (Bedard et al. 1969).

The primary objective of this study was to eval-
uate the attractiveness of frontalin and exo-brevi-
comin to mountain pine beetle (MPB), Dendroc-
tonus ponderosae Hopkins, and associated insects
in lodgepole pine (LPP), Pinus contorta Douglass,
stands. Corollary objectives were to determine the
most effective frontalin-baiting period in which to
augment predators and parasitoids of MPB under
field conditions, and to evaluate the efficacy of this
technique in reducing MPB survival and beetle-
caused tree mortality.

Methods

The study was conducted during 1978 and 1979
in three LPP stands (McCall, Thorn Creek, and
Paddy Flat) located in the Payette National Forest
in central Idaho, and one stand in northeastern
Oregon (McCubbin, Wallowa-Whitman National
Forest). A preliminary study (Chatelain and Schenk
1983) showed that each stand supported an epi-
demic infestation of MPB, high populations of en-
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tercepts within each of the Paddy Flat and Me-
Cubbin stands in 1979. Two trees in each: of the
four classes were baited and two trees in each class
served as checks, Trees were baited from 13 May
to 10 July in McCubbin and 6 June to 11 July in
Paddy Flat coincident with the presence of a pre-
ponderance of late instar MPB larvae.

The outer surface area of the lower 2 m bole of
each tree was examined for entomophagous insects
{primarily T. undatulus) at weekly intervals from
17 July to 1 September in McCubbin and biweekly
from 18 July to 28 August in Paddy Flat. The
number present on baited and nonbaited trees was
compared with a x® test to determine the effects
of baiting on these insects. The number present
during baiting and after bait removal also was
compared to assess the effects of bait removal.

Mountain Pine Beetle Brood Survival. The
baited anid nonbaited infested trees in Paddy Flat
and McCubbin were felled and sampled in late
September to determine whether attraction of en-
tomophagous insects to baited trees had any sig-
nificant effect on MPB brood survival.

Sample slabs (15 by 30 cm} were removed at

{upper limits) 0.3, 1.3, 2.8, 6.3, 10.8, and 14.3 m"

along the north side of the tree bole. The following
MPB brood characteristics were recorded for each
slab: number of egg niches, larval mines, pupal
chambers, callow adults, and emergence holes; and
mortality of each stage by cause when evident.
Numbers of entomophagous and other associated
insects also were recorded by species and host, if
ascertainable.

Numbers of missing individuals in the larval,
pupal, and callow adult stages in each sample were
calculated as follows:

ML = LM — (DL + PC) _ (1)
MP = PC — DP — (EH * 1.14) (2)

where: ML = missing larvae, LM = larval mines,
DL = dead larvae, PC = pupal chambers, MP =
missing pupae and callow adults (combined be-
cause sampling occurred after emergence), DP =
dead pupae and callow adults, EH = emergence
holes, and 1.14 = multiple emergence factor (Reid
1963).

Mortality by cause for each developmental stage
was recorded as a percentage of the total number
of egg niches present in each sample. Total mor-
tality and mortality by developmental stage were
compared between baited and nonbaited trees by
analysis of variance (repeated measures split-plot
design) to determine whether baiting increased
MPB mortality. Mean numbers of predators, par-
asites, and other associates also were compared be-
tween baited and nonbaited trees to determine the
effects of baiting on their abundance.

Mortality of Emerging MPB. The influence of
frontalin on survival rates of emerging MPB was
estimated using the eight baited and eight non-
baited trees in the McCubbin stand selected for
the brood survival study.
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Number of MPB adults killed by predators Wwas
determined using aprons to collect body fragmems E
of partially eaten bark beetles. Each apron cm:'
sisted of a cloth {1.5 m?) wrapped around the base
of each tree at ground level with the outer edges
elevated 30 em above ground level to reduce To- |
dent access. Insect fragments were collected 4t
weekly intervals from 4 June to | September 1979
and identified according to species. Each head, -
thorax, and elytron was assumed to represent ope
killed beetle, which eliminated the task of mateh_
ing body parts and possibly compensated for ely-
tral fragments not collected or lost in aprons as 5
result of high winds, etc. The total number of hee.
tles that emerged from each tree was estimated
from sample slabs using the following equations:

A, = [(D,— (2*B)]= L, % =/S, (3)
H, = A+ E, {4)
EB = 114 % 2 H, (5)

where: A, = inner bark surface area of i tree sec-
tion represented by i sample slab, D, = mean oyt-
er bark diameter (cm) of i tree section, B, = mean
bark thickness (cm) of i tree section, L, = length
{cm) of i* tree section, S, = inner bark surface area
{450 cm?®) of sample slab, H, = number of emer-
gence holes in i* tree section, E, = number of MPR
emergence holes in i* sample slab, EB = total
number of MPB adults that emerged from tree.

Tree section lengths represented by each sample
were 65, 105, 205, 400, 400 cm, and x (x=
1,215 — infestation height in cm), respectively,
depending on each sampling height from ground
to crown level. D, and B, of each tree section were
determined from midsection measurements con-
ducted during field sampling,

The proportion of emerging adult beetle mor-
tality was estimated by dividing the number of
MPB fragments found in the apron by EB. The
effects of frontalin and tree diameter on mortality
were determined by analysis of variance (random-
ized block design). Two separate analyses of vari-
ance (repeated measures split-plot design) were
used to compare the H, and number of MPB frag-
ments at each observation period to determine the
effects of frontalin on emergent beetle mortality.

Tree Mortality. The baited and nonbaited trees
within the 10-m plots and concentric subplots in
the Paddy Flat and McCubbin stands also were
used to determine the influence of frontalin-aug-
mented T. undatulus populations on MPB-caused
tree mortality. The number of recently infested
and noninfested trees in each subplot and their
mean diameter at breast height were recorded af-
ter MPB emergence in September.

Numbers of trees attacked in each plot, subplot,
and diameter at breast height class after the fron-
talin was removed from the stand were compared
by an analysis of variance (repeated measures split-
plot design) to determine the effects of baiting be-
fore MPB emergence on MPB aggregation. Mean
diameter at breast height and number of trees
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in each subplot were similarly compared to
rmine whether these wvariables confounded

Hesults and Discussion

ffectiveness of Baited Traps. Only T. unda-
s showed a significant response to either fron-
in or exe-brevicomin (Table 1). Differences in
s numbers of adult T. undatulus caught be-
¢en nonbaited traps (six adults) and those baited
(784 adults) with either attractant were highly sig-
mificant (P < 0.01). This confirms earlier reports
of the attractiveness of synthetic frontalin to adult
T undatulus (Dyer 1975) and appears to be the
first record of a verified response of this species to
o-brevicomin. Frontalin, however, was signifi-

The significance of T. undatulus utilization of
wo different compounds as kairomones is unclear.
However, this behavior may aid T. undatulus in

Table 1. Mean number of insects by species caught in
rontalin or brevicomin-baited and unbaited traps in a
PP stand infested with MPB, McCall, 1daho, 1978

16
JULY

Mean no. trapped?® Orthogonalb
Insect Fron- Brevi- Un- Total COMParison
species talin  comin baited (™) LH Iwvs
I I m vs, HI 11
T, undatulus 1.32 0.88 0.04 hd *
(6.23)  (2.48) (0.07) 790
E. sphegeus 004 003 0.01 NS NS
(0.07) (0.04) (0.01) 11
Rhaphidia sp. 0.08 0.06 0.06 NS NS
(0.14) (0.10) (0.10} 31
D. ponderosae 002 0.02 0.01 NS NS
(0.03) (0.08) {(0.10) 7

2 Data based on 90 observations (9 rows x 10 dates) per treat-
ment. Differences in variance were adjusted by a transformation
of In{x + 1) of each observation. Actual means are in brackets.

b NS, Not significant (P > 0.05); *, significant (P < 0.05); **,
highly significant (P < 0.01}.
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Trap catches of adult T. undatulus on sticky traps baited with frontalin.

locating more than one host species, which would
be important to its survival during endemic con-
ditions when populations of one or more host
species are low. For example, in addition to MPB,
T. undatulus is a predator of Ips spp. in lodgepole
pine slash (Reid 1957), the spruce beetle (D. rufi-
pennis Kirby) and associated scolytids infesting
Englemann spruce (Picea engelmanni Parry)
(Knight 1961), the fir engraver (Scolytus ventralis
Le Conte) infesting Abies species (Struble 1957)
and the Douglas-fir beetle, D. pseudotsugae Hop-
kins in Douglas-fir, Pseudotsugae menziesii (Mirb.)
Franco (Cowan and Nagel 1965). Frontalin has
been isolated and identified from the hindguts of
D. pseudotsugae and D. rufipennis (Pitman and
Vité 1970) and from air samples drawn over D.
ponderosae (Ryker and Libbey 1982). Pitman et
al. (1969) identified brevicomins from hindguts of
D. ponderosae. '

Adult T. undatulus were present in the McCall
stand throughout the summer, but with apparent
peaks oceurring in mid- to late June and mid- to
late July (Fig. 1). Schmitz (1978) reported similar
peak activity periods for adult T. undaiulus when
associated with the Douglas-fir beetle in Douglas-
fir stands in northern Idaho.

Equal numbers of male and female adult 7.
undatulus were trapped with both attractants dur-
ing each trapping period which is similar to results
reported by Schmitz (1978).

No response was detected by MPB to either
frontalin or exo-brevicomin baited sticky traps.
Ryker and Libbey (1982) reported that frontalin
reduced MPB numbers on sticky traps baited with
the aggregation pheromone #rans-verbenol and
host terpenes, which suggested frontalin to be an
antiaggregation pheromone. Our subsequent field
tests, however, revealed that frontalin actually ag-
gregated MPB populations when associated with
the host tree during the flight period of MPB. Fail- -
ure of sticky traps alone to detect the aggregating
effects on MPB populations may be due to a mul-
titude of factors, including the absence of certain
semiochemicals. For example, Pitman and Vité
(1969) reported that trans-verbenol in the absence
of host odors showed no apparent attractive prop-



1670 ENVIRONMENTAL ENTOMOLOGY

Vol 183, ng, 6

Table 2. Mean total number and diameter of all LPP, and mean number of pine beetle attacked tr

ees withi :
at various distances from frontalin baited and/or infested center trees, Paddy Flat, 1978 1Hhin plogg

Orthogonal comparisongt

Plot distance to bait source (m)

Variabl B‘i::ed Infested =80 1 vs _Baited .
?;?Edes =10 =30 =140 unbaited vs. mon- m‘ Test for infested
m am V) ) WD gl MRS plas e
Non- on- Non- I, II B nrry  &sm ;
Infested . Infested . Infested LI v Ivs  infested
baited infested nbaited infested unbaited infested V. I 5. plots
2 baited u unbaited B0 nbaited oL v s v.oyr LI 1
V. VI IV, V1 iVS-
> I
Mean nrumber of
trees 4.94 4.56 4,34 4.50 3.22 3.19 N§&e NS NS NS NS
Mean dbh (cm) 21.85 20.69 23.82 23.17 20,24 18,48 NS NS NS NS NS
Mean number of
attacked trees 2.72 0.81 1.28 0.31 1.03 0.03 ** e NS s NS

¢ Data based on 32 observations (2 replicates x 4 dbh classes x 4 subplots)/treatment.
b NS, Not significant (P > 0.05); **, highly significant (P < 0.01).
¢ Mean comparisons were not conducted because F was insignificant in analysis of variance.

erties in field or laboratory bioassays, but in the
presence of host volatiles (e.g., o-pinene) was high-
ly attractive to field populations of MPB females.

Effect of Baiting Trees During MPB Flight.
Entomophagous Insects. Although very few adult
T. undatulus were trapped, a slightly stronger re-
sponse (three adults) to baited-infested than to
baited-noninfested trees was indicated. No T. un-
datulus adults were found on nombaited check
trees. The low numbers collected may be attrib-
utable in part to monitoring T. undatulus subse-
guent to its peak flight period (Fig. 1). No other
entormophagous species were trapped.

Mouniain Pine Beetle. Significantly more bait-
ed (11) than nonbaited (3) trees were attacked by
"MPB in both Thorn Creek and Paddy Flat stands
(P < 0.05). No nonbaited trees were attacked in
Thorn Creek. In Paddy Flat, only the larger di-
ameter (>25 cm), nonbaited trees were attacked,
but the smaller {ca. 16 cm) baited trees also were
attacked. This suggests that frontalin may be used
to induce MPB attacks. Thus, frontalin possibly
could be used to lure MPB to smaller trees, result-
ing in smaller broods and reduced populations, as
suggested by Amman (1978) for trans-verbenol
Significantly more trees (ca. 4-fold) were attacked
in Paddy Flat than Thorn Creek (P < 0.05), prob-

ably refleeting the substantial differences in MPB
population levels between stands at the time of
baiting, rather than habitat differences.

Tree Mortality. Mean diameter at breast height
and number (density) of trees did not vary signif-
icantly among strata (Table 2) (P > 0.03). These
were tested because both have been shown to be
related to MPB outbreaks (Amman 1978, Maho-
ney 1978, Schenk et al. 1980). Although other fac-
tors also may be involved, many are related to tree
diameter and stand density. Thus, the differences
among treatments in number of trees affected af-
ter baiting may be assumed to be due to the pres-
ence or absence of baited or infested trees. Pres-
ence of either frontalin or recently infested (1979
attack) trees significantly increased the incidence
of attacked trees {P < 0.01). Differences in the
number of attacked trees were insignificant be-
tween baited and infested plots (P > 0.05), Thus,
baiting trees was as effective in aggregating MPB
populations within a 10-m radius as were natural
attractants emanating from infested trees. Syner-
gistic effects on MPB aggregation occurred when
infested center trees were baited with frontalin.

The effective distance from a frontalin source
apparently is less than 30 m at the concentration
used, as manifested in the insignificant differences

Table 3. Orthogonal comparison of number of LPP irees attacked by MPB after baiting during beetle flight, Paddy

Flat, kdaho, 1978

Mean no. of recently attacked trees/subplot?
Distance to center tree {m)

Orthogonal comparison®

TFreatment?
m {an (1) av) T vs. 1T vs. 1, II,II\P
0-5.0 5.0-7.1 7.1-8.7 8.7-10.0 L, 1, Iv m vs.
Bait + infested 3.8 2.50 3.38 1.63 * NS **
Bait + noninfested 0.50 1.25 0.88 0.63 N§ NS NS
No bait + infested 2.25 1.00 1.50 0.38 ol NS **
No bait + noninfested 0.13 0.25 0.13 0.5 NS NS NS

@ No bait trees were ca. 30 m distance from baited trees.

b Data based on eight observations per subplot (2 trees x 4 dbh classes).

©*, Significant at P < 0.05; **, significant at P < 0.01.
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4. Effect of baiting trees before MPB flight period on abundance of inseets, by species, associated with MPB
MeCubbin stand (Oregon) and Paddy Flat stand (Idaho), 1979

Mean number * SE

Species Paddy Flat McCubbin
Baited Nonbaited Baited Nenbaited
nides rufovariegatus — 0.051 + 0.036 0.083 + 0.083 1.086 = 0.495
alicus pulchripennis — — 0.018 + 0.018
ocoridae 0.095 + 0.066 0.026 = 0.026 0.167 + 0,123 G055 = 0.031
cufus clavipes 0.024 4 0.024 — 0.333 + 0.149 (.200 + 0.098
oclerus sphegeus 0.024 + 0.024 0.026 = 0.026 0.028 = 0.028 0.018 + 0.018
phidia sp. — — — 0.018 + 0.018
hanasimus undatulus 0.190 = 0.061 0.051 + 0.036 0.083 = 0.047 (0.036 + 0.026
lophagus sp. — — 0.026 + 0.057
ellaneous associates
eorharinae — 0.026 + 0.026 — —
uraed sp- (.048 + 0.033 0.026 + 0.026 — —
cONGEUS SPP- — 0.026 + 0.026 — 0.018 + 0.018
pidoptera 0.024 + 0.024 0.026 + 0.026 - (.056 + 0.056 0.036 = 0.025
petitors?
p$ mexicanus 0.024 + 0.024 0.026 = 0.026 0,028 + 0.028 —
Ips pini 5.939 x 4.453 1.744 + 0.983 1.028 £ 0.437 4418 + 1.884
Pityogenes knechieli £.429 + 1.290 0.513 + 0.394 — 0.109 * 0.109
Pityphthorus confertus 1952 & 1.330 0.077 £ 0.077 1.472 + 0.805 6.164 + 1.937

- :Eained between unbaited plots located 30 and
0 m from the source (Table 2) (P > 0.05).
Distribution patterns of attacked trees resulting

oduced by the natural attraction of MPB infest-
trees (Table 3). Attacked trees tended to be
ncentrated within a 5-m radius of infested trees,
but were more equally distributed within nonin-
fested plots. However, reducing the elution rates
and duration of baiting may result in aggregation
patterns more similar to that caused by infested
trees. A greater proportion of attacked trees oc-
curred in each subplot when infested trees were
baited, suggesting that synergistic effects were
produced throughout 2 10-m radius. Borden et al.
1983) reported a similar concentration of MPB
attacked trees in lodgepole stands around trees
baited with the attractant semiochemicals myr-
ene, trans-verbenol, and exo-brevicomin and
uggested that dispersal of MPB could be inhibited
“ by baiting,
" Synthetic trans-verbenol, a principal volatile
. component in the hindguts of Dendroctonus spp.,
in combination with o-pinene is highly attractive
to MPB (Pitman et al. 1969). Attempts have been
‘made to reduce MPB populations by placing this
mixture on trees treated with insecticides (Pitman
1971) ‘or containing phloem too thin for normal
brood development (Rasmussen 1972). These at-
tempts have been unsuccessful largely because this
mixture promotes attacks on many nontarget trees,
Studies by Rasmussen (1972) showed that the
number of newly attacked trees increased for a

umber of competitors, by species, was determined from egg gallery counts.

distance of 60 m from the nearest infested tree
baited with irans-verbenol. This problem may be
alleviated with the use of frontalin at low elution
rates, which would tend to aggregate MPB popu-
lations in areas <30 m from the bait source.

Our original intent for baiting trees during the
flight period of MPB was to reduce tree mortality
by increasing predation against attacking MPE on
susceptible trees. Baiting trees during this period
under MPB epidemic conditions resulted in aug-
menting T undaiulus populations, but it also at-
tracted MPB and increased tree mortality in the
immediate area of the source.

Effect of Baiting Trees Before Peak MPR
Flight. Entomophagous Insects. T. undatulus was
again the only entomophagous insect species that
showed a response to frontalin. Significantly more
T. undatulus adults were found on baited (18)
than nonbaited trees (2) (P < 0.01). No significant
interaction was found between baiting and stand
location (P > 0.05), although a greater number of
adults was observed on irees baited in the Paddy
Flat stand than in the McCubbin stand. More T.
undatulus adults were observed on trees baited
during this period, which coincided with their peak
flight period {May-July) than when trees were
baited during the MPB flight period {(July—Sep-
tember),

An obvious reduction in the number of adult T.
undatulus occurred in both stands after the bait
was removed. However, a few adults were found
in baited trees as late as ca. 4 weeks after bait
removal, whereas none was observed on unbaited _
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Table 5. MPB brood mortality by cause in frontalin-baited LPP stands at two locations, 1979

ENVIRONMENTAL ExroMoLocy

Paddy fiat (Idaho)

Me¢Cubbin {Oregon)

Frontalin-baited Nonbaited Frontalin-baited Nonbaited
Mean Mor- Mean Mor- Mean Mor- Mean Meor-
no./ tality no./ tality no./ tality no./ tality vs,
sample (%) sample (%) sample (%) sample (%) nonbaiteq
Egg niches 162.78 168.30 196.00 200.54
Resinosis 53.50 40.69 36.99
Unknown 12.34 14.71 15.70
Total 65.584 55.40 52.69
Larval mines 59.19 77.20 99.06 97.40
Fungus — — 0.04
Parasitized — 0.01 0.44
Desiceated 0.40 — 0.84
Missing 23.73 31.36 30.47
Total 24,13 31.37 31.39
Pupal chambers 16.94 2013 32.43 38.45
Desiceated — 0.07 —
Callow adults
(emerged) 3.89 2.84 4.74 6.35
Desiceated 0.20 0.02 6.02 0.33
Missing {pupa
and adults) 7.77 11.68 13.30 15.89
Total 797 1170 13.32 16.22 0.1801 00149
Total mortality 97.84 98.47 97.40 96.50 0.4764 0.1602

Data based on 128 observations (2 locations X 2 treatments x 4 diameter classes x 5 samples/trees x 2 trees). Only in

were used.
“ Values <0.05 are significant; >0.05 are insignificant,

trees at that time. This suggests that T. undatulus
populations may remain in the vicinity of baited
trees for some time even after bait removal,

MPB Brood Survival, In the process of deter-
mining the influence of baiting on MPB brood sur-
vival, the numbers of individuals of other insect
species found in the sample slabs also were re-
corded (Table 4). Although the mean numbers per
slab were quite low in most cases, the overall insect
community beneath the bark did not vary sub-
stantially between baited and nonbaited trees,
However, the mean numbers of T. undatulus in
both stands was slightly greater in the baited trees
(0.14 per slab) than in the nonbaited trees (0.04
per slab), although a x* test failed to reveal a sig-
nificant difference (P > 0.05).

Frontalin had little or no effect in reducing MPB
brood survival when applied to infested trees be-
fore MPB flight. Percentage of generation mortal-
ity, as well as percentage of mortality of each life
stage, of MPB did not differ significantly between
baited and unbaited trees (Table 5) (P > 0.05).

Considerable variation in MPB brood mortality
as well as in populations of associated insect species
was encountered among the sample heights within
trees, suggesting the need for a larger sample.

Mortality of Emerging MPB. No significant dif-
ference in the number of emergence holes was
found between baited and nonbaited trees (P <
(1.05). However, estimated mortality of emerging
MPB was 9.40 and 2.25% for baited and nonbaited
trees, respectively. Although baiting increased

fested samples

mortality of emerging MPB by ca. 7%,
ferences were slightly
0.50).

Fragments used to estimate MPB mortality con.
sisted of elytra (87.2%), heads (12.5%), and thor-
aces (0.3%). The use of each fragment to represent
one predator-eaten beetle could result in overes-
timating mortality. However, many fragments, es-
pecially these falling from several meters up the
bole, probably were lost to wind, or deposited en
various tree parts not examined. Thus, the report-
ed predator-caused mortality rates for emerging
MPB adults probably represents an underestimate
of the actual mortality.

Fragments of other bark beetle species, Ips pini
(Say) (five) and Pityophthorus confertus Swaine
{seven), also were collected. Although significantly
more fragments of both species were found on
baited than nonbaited trees (P < 0.03), the rum-
bers were insufficient to determine the effects of
baiting on their survival rates.

Tree Mortality. No significant difference in the
number of trees infested by MPB was found be-
tween baited and nonbaited plots (P > 0.05). Also,
the extraneous effects of tree diameter and density
did not influence these results, since neither of these
varied significantly between baited and nonbaited
plots. Frontalin augmented T. undatulus popula-
tions, without aggregating MPB populations, when
removed before MPB emergence. However, the
augmented populations were ineffective in reduc-
ing MPB populations to levels fow enough to re-

these dif-
less than significant (P>
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. rtality. Greatex benefits may be ob-
2datulus populations were augmented
pidemic situations where higher prey:

“induced augmentation of T. undatu-
ons may be synergistic with other pre-
C,ctics, such as thinning or maintenance
- jiversity, and should be given consid-
hin an integrated pest management
for the mountain pine beetle. Frontalin
4 be tested against other bark beetles—
glas-fir beetle and spruce beetle—that
rgence periods that closely coincide to
¢ periods of T. undatulus.
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