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ABSTRACT

Four factors that affect oviposition behavior of Dendroctonus ponderosae Hopkins
in lodgepole pine, Pinus contorta Douglas, were investigated. These were distance be-

tween egg galleries. size of the female. ph]b%l'iickncss. and temperature,

The average number of cggs oviposited p

inch of gallery increased with increases

in each of the 4 factors. The average number of eggs oviposited per day also increased
with increases in each factor except that the effect of distance between galleries was not
investigated. The rate of gallery constriction increased only with an increase in tem-
perature; it was unaffected by size of female and phloem thickness. Again the effect
of distance between galleries was not investigated.

Knowledge of oviposition behavior has become
increasing!ly important in undzrstanding the dynamics
of populations of the mountain pine beetle, Den-
droctonus ponderosae Hopkins, in lodgepole pine,
Pinus contorta Douglas. The oviposition of too
many eggs could result in intraspecific competition
among developing larvae and bring about reduced
survival as observed by Cole (1962). On the other
hand, the oviposition of too few eggs couid result
in less brood production than potentially possible
from phloem of a given thickness (Amman 1972).

beetles generally laid more eggs than did sma
bectles in lodgepole pine. He aiso observed that
more than 200 eggs were deposited in some indi-

vidual galleries that we . ong,
WC

1 Coleoptera: Scolytidae.
% Received for publication 25 Feb., 1972,

Fv terms of overall response. Reid
ound an average of 4.2 eggs/inch. This average

is similar to some found by Cole” in 3 infested areas:
4.26/inch of gallery in Utah: 4.78 in Wyoming:
and 5.85 in Idaho.

Laboratory studies reported here were conducted
to determine the etfects on oviposition behavior of:
(1) spacing between cgg galleries; (2) beetle size:
(3) phloem thickness: and (4) temperature.

Me:ihods

Eflect of Gallery Spacing

Billets 14 in. long were cut from a single tree in
which thickness of phloem exceeded 0.10 in. From
the billets, 12 slabs 6 14 in. and ca. 2 in. thick were

3w, E. Cole. The mountain pine beetle in lodgepole pine,
Dendroctonus monticolae Hopk, (Colewptera: Scolviidac ), Studies
of populations. Progress Report — Study 1L USPDA Forest Ser-
vice, Intermountain Porest and Rappe Lxperiment Station, Ogden,
Utah. Mimeogr., 20 p. 1964,
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cut. All exposed wood and the edges of the bark of
material used in these sgudics were waxed to prevent
rapid loss of mwisture. Beetles (without regard to
size) were introduced into holes in the bascs of 3
slabs for cach of 4 rates—3, 6, 9, and 12 pairs. The
4 rates were used so that a large range in gallery
spacing would result. The slabs were stored at
21.1°C for 10 days. The bark then was pzeled and
the cggs deposited on left and right sides of the
gallery werc counted in each inch. Distance between
paired inches of egg galleries was recorded.

Eflect of Beetle Size

Billets 14 in. long were cut from a single tree that
had an average phloem thickness of 0.17 in. Seventy-
two pairs of beetles (females 4.3-6.4 mm long)
were introduced at 2-in. intervals around the cir-
cumference of the bases of the billets; the billets
were stored at 21.1°C for 12 days. The bark then
was pecled and the eggs in each inch of gallery were
counted.

Effect of Phloein T hickness

Billets ‘14 in. long were cut from 4 lodgepole pines,
all growing within a %acre area. Each tree had a
different average phloem thickness: 0.06 in., 0.10 in.,
0.15 in, and 0.19 in. Twenty pairs of beetles (fe-
males 4.3-6.4 mm long) ware introduced at 2-in.
intervals around the circumference of the bascs of
the billets. Care was taken to assurc that an equal
number of females of cach size was placed in billets
representing each of the 4 trees. The infested bil-
lets were stored at 21.1°C for 11 days. The bark
then was removed and the eggs in each inch of gal-
lery were counted. At this time thickness of phloem
and depth at which beetles excavated -the sapwood
(2 in.) above the beginning of cach cgg gatlery were
measured.

Eflect of Temperatire

Four billets 14 in. long were cut from a single
trec. Phloem thickness in these billets ranged from
0.12 to 0.15 in. Twenty pairs of bectles (females
4.3-5.5 mm long) weare introduced at 2-in. intervals
around the circumference of the bases of the billets.
The 4 billets were stored at room tempecrature
(22°C) for 1 day to allow the beetles timz to initiate
egg galleries and to mate, and then each was stored
an additional 13 days at a different temperature—
7, 10, 15, or 20°C. The bark then was removed
and the eggs were counted.

Results

Effect of Gallery Spacing

The average number of eggs laid on sides of adja-
cent gallerics rangxd from 1.7/inch for gallerics
spaced Y& in. apart to 3.6/inch for galleries spaced
% in. apart. The curve is almost asymptotic where
gallerics are 1 in. apart; thercfore, the activitics of
adjacent beetles probably would have little cffect at
distancss greater than | in. _

However, the low correlation coeflicient for indt-
vidual observations (rF=0.023; n=395) and large
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Fi. 1.—The relation of oviposition behavior to len’
of female mountain pine beetle.

A The f-n‘crngc number of ecggs laid per inch (2.54 ¢m) of calleyv.
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average number of cggs laid per day.
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B. The
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standard deviation (S,,==2.07) indicate that the
main sources of variance were not identified. A
possible source of variance is that not all beetles
bored at the same rate. When beetles bore at the
same rate, one beetle might detect sounds of cur-
rent gallery constructing activitiecs of an adjacent
beetle and reduce oviposition. However, where one
beetlc bored ahead of its neighbor, previous gallery
construction might be senscd and oviposition re-
duced only because of drying of phlocm and the
action of fungi, bacteria, and yeasts.

Effect of Beetle Size

The average number of eggs laid per inch of
gallery ranged from 3.2 for a beetle 4.3 mm long to
7.9 for a beetle 5.4 mm long (Fig. 1A). The rela-
tion, although significant (£<0.05), was weak and
accounted for only 9% of the variance.

The average number of eggs laid per day ranged
from 3.4 for a beetle 4.3 mm long to 8.2 for a
beetle 5.9 mm long (Fig. 1B). This relation also
was weak, accounting for only 20% of the variggee.
Conscquently, tremendous  variation  in cgg-‘
capacity existed among beetles of a similar size. 1
when held under similar conditions of food, tem-
- perature, and cgg-laying substrate.  Howaever, there
was no clearcut indication that oviposition declined
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in the largest beetles, which corroborated observa- ol
tions by Reid (1962).

The average Iength of gallery constructed per day i
was not significantly related to_ beetle length (P> : -
0.05). f .l
Effect of Phloem Thickness ::

The average number of cggs laid ranged from 3.5/ ]
inch in phloem 0.06 in. thick to 9.6 in phloem 0.18
in. thick. Although this relation was significant (P &
<0.01), it accounted for only 16% of the variance * ,}
(Fig. 2A).

The average number of eggs laid per day ranged T -
from 1.7 in phloem 0.06 in. thick to 7.7 in phloem 0
0.20 in. thick. Although this relation also was sig-
nificant (P<0.025) it only accounted for 14% of
the variance in rate of oviposition (Fig. 2B). ,
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Fig. 3.—The relation of oviposition behavior of the
. mountain pine beetle to temperature.
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and.phkacm,,.lhickncsswggamem)l/qiﬁis was
surprising because becetles that constructed galleries
in thin phioem excavated deeper into the sapwood
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than did those in thick phloem. Averagss ranged
from 0.045 in. of sapwood excavation where phlocm
was 0.04 in. thick to 0.00 in. of excavation where
phlocm was thicker than 0.12 in. ('=0.55; P<
0.005 S, ,=0.012). Furthermore, the wood was
harder than bark: consequently, more time should
have been required to excavate wood than bark.

A possible explanation for differences in rates of
oviposition and numbers of eggs laid in thin and
thick phlocm might be related to nutrition; the thin
phlocm and the excavated xylem might provide less
energy than thick phlocm. Another possible expla-
nation is that bectles expended more cnergy in con-
structing cgg gallerics where the xylem was exca-
vated, which left less energy for egg production than
would occur during gallery construction in thick
phloem.

Effect of Temperature

The average number of cggs laid per inch of gal-
lery ranged from 1.3 at 7°C to 8.3 at 15°C. How-
ever, this accounted for only 35% of the variance
(Fig. 3A).

The number of cggs laid per day ranged from an
average of 0.23 at 7°C to 6.6 at 20°C (Fig. 3B).
Rate of oviposition remained low even at 15°C;
however, it increased rapidly at 20°C. This relation
is strong: it accounted for 709 of the variance.

Gallery construction ranged from an average of
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Yol. 1, no.

0.20 in./day at 7°C to 0.98 in./day at 20°C (Fig.
3C). Again, a curvilincar relation is indicated; a big
increase occurred at 20°C. This relation also is
strong, accounting for 81% of the variance. '

Note in Fig. 3A that the curve almost peaks at

20°C. Conscquently the number of cggs deposited
at higher temperatures would not be expected to in-
creasc much. However, the curves in Fig. 3B and
3C continue to rise at 20°C; thercfore, both the
length of gallery constructed per day and the num-
ber of cggs deposited per day could be expected to
peak at temperatures higher than 20°C.

Overall Respounse

The overall ovipositional response in each inch
of gallery was based on 46 galleries that were 6-14
in. long; these were constructed during the study of
the effect of gallery spacing. From the regression
ling in Fig. 4, the average number of cggs laid per
inch rangad from 0.28 in the Ist inch to 7.7 in the
4th inch; oviposition peaked in the 4th inch of the
smoothed curve. The average number of cggs laid
in the Ist inch was only 0.28; the overall average
was 5.43.

Cole” observed from field measurements in 3 loca-
tions that oviposition ranged from 0.25 to ca. 11
eggs/inch; oviposition peaked either in the 2nd or
3rd inch of gallery. He reported that average num-
ber of eggs deposited in the 1st inch of gallery
ranged from 0.25 to over 10: the overall averages
for the 3 locations ranged from 4.26 to 5.85 cggs/
inch.

The overall average obscrved in the laboratory
was within the range of averages observed by Cole,
indicating that the response of bectles probably was
similar in the 2 situations. However, considerable
difference was noted in numbers of eggs laid in the
Ist inch of gallery. The larger number laid in the
Ist inch in the field may account for the fact that
oviposition peaked carlier in the gallery in the ficld
than it did in the laboratory.

Two factors that may be involved in oviposition
diffcrences between the laboratory and the field are
(1) physiological changes and (2) time of fertiliza-
tion. Reid (1958) and McCambridge and Mata
(1969) noted that the newly attacking female did
not oviposit until the flight muscles had degencrated
greatly (degenceration usually occurred within 3 days).

Time of fertilization in the fi2ld could dilfer con-
siderably, For example, fertilized females making
a 2nd gallery would probably start laying cggs al-
most immediately, whereas unfertilized females mak-
ing their 1st gallery may have to wait onc or more
days before a male arrived, especially when the
females greatly outnumber the muldes. In the lab-
oratory, the female was allowed one day to con-
struct a gallery beforc the male was introduced.

Discussion
As infestations of the mountain pine beetle pro-
gress, the beetles infest smaller trees because many
of the farger trees arc killed during the carly years
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of the infestation (Cole and Amman 1969). The
small trecs usually have thin phloem, and fewer bee-
tles per ft® of bark attack them than attack large
trees.' In addition, beetles that complcte develop-
ment in small trees are smaller than those that com-
plete development in large trees (Safranyik and
Jahren 1970). As a result of the phloem being
thinner and becetles being smaller, w2 would expect
fewer eggs to be laid; the low amount of oviposition
and low density of attacking beecties would reduce
competition among developing larvac. However,
possible built-in mechanisms that tend to reduce
intraspecific competition are not so cffective that the
beetle can maintain or increase its numbers in small
trees that have thin phioem.

. The effect of temperature on oviposition might
explain partially the lower emergence of brood
adults from bark of a given thickness at high cleva-
tions in contrast to low elevations as observed by
Amman (1969). Reduced ovipositidn could resuit
in fewer brood adults being produced than is poten-
tially possible for phloem of any given thickness.
The low number of beetles emerging per ft° of bark
has resulted in fewer trees being Killed at high ele-
vations than at low elevations (Amman and Baker
1972).
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