
TABLE 1

Counts of overwintering spruce budworm larvae on frees with moderate total defoliation and trees
with severe total defoliation. Cape Breton Island, 1977-78 generation

Tree
m' of

foliage

Total
defoliation

Number of budworm

(%) Total* Perm'

1 0.87 90+ 16 18
2 0.85 90+ 24 28
3 0.56 90+ 17 30
4 1.12 90+ 36 32
5 1.33 90+ 21 16
6 0.88 90+ 26 30
7 0.99 90+ 18 18
8 0.62 90+ 14 23
9 1.17 90+ 33 28

10 0.51 90+ 39 77

Mean 24 300

11 0.98 40 64 65
12 0.76 40 49 65
13 0.77 30 57 74
14 0.84 50 37 44
15 0.87 40 84 97
16 0.87 30 38 44
17 1.11 30 67 60
18 1.25 30 103 82
19 0.72 20 87 121
20 1.14 30 66 58

Mean 65 710

*Three ntidcrown branches.

less defoliation and 10 trees with 90% or more defoliation. The samples
were washed in NaOH to remove the L2 larvae (Miller and McDougall,
Bi-mon. Res. Notes 24:30-31, 1968).

Except for tree 10, the mean number of larvae per m2 of foliage
ranged from 16 to 32 on the severely defoliated trees and from 44 to 121 on
the moderately defoliated trees (Table 1). The significant difference in the
mean L2 counts suggests that samples should be stratified into at least two
defoliation classes when L2 abundance in severely attacked stands is being
measured. The data also imply that a similar type of stratification should be
investigated in sampling for budworm eggs. — C,A. Miller, Maritimes
Forest Research Centre, Fredericton, N.B.

Fractionation of Spruce Budworm Testes Cells by Velocity
Sedimentation.—Determination of the stadial sensitivity of germ line
cells to mutagens and chemosterilants requires a rapid and efficient method
of separating cells on the basis of their stage of development. This is
particularly so for the spruce budworm, whose spermiogenesis becomes
asynchronous in the fifth instar (Retnakaran, Ann. Entomol, Soc, Am.
63:851-859, 1970); from that point on, testes contain variable proportions
of stages from spermatogonia to sperm. With such asynchronous
development, the usual techniques of microdissection or centrifugation
produce cell populations of only partial purity and/or low yield. Our
studies on the effects of chemical treatments on chromosome structure and
sperm maturation have necessitated development of a rapid method for
isolating the desired cell stages at a high level of purity.

The procedure takes advantage of the fact that at unit gravity cells
sediment through a nonlinear low-density gradient at a rate dependent
primarily on their size, though density plays a minor role (Miller and
Phillips, J. Cell. Physiol. 73:191-201, 1969). The gradient is present only
to prevent convection; at no point is it sufficiently dense for any cells to
approach their equilibrium density. The method was adapted from that
used for mouse testes cells (Lam et al., Proc, Natl, Acad. Sci. U S A
65:192-199, 1970), with modification to accommodate the smaller
amounts of tissue available and the particular physiological requirements
of lepidopteran cells.

The apparatus consists of a cylindrical separation chamber with a
conical bottom having a hole at the apex of the cone, a sample-loading
chamber, and a gradient-former. Luer-tip equipped glass syringes of 5 to
100 mL capacity make excellent separation chambers. A 1 to 5 mL syringe
equipped with a two-way valve serves as a cell-loading chamber. A
Beckman gradient-former of 5 to 100 mL capacity is connected through the
two-way valve to the separation chamber; the valve permits loading of the

sample into the separation chamber and then formation of the gradient.
Connecting tubing is autoclavable silicone.

Description of a representative separation run will illustrate the
procedure. Pooled testes from five fifth-instar spruce budworm larvae were
gently minced with fine iris scissors in 10 volumes of modified
Castillo-Ringer (C-R) (Castillo et al., J. Physiol. 121;539-547, 1953) until
a uniform cell suspension was obtained. Cells were rinsed once in C-R and
then resuspended in 1% Ficoll 400 (Pharmacia) in C-R. Cell concentration
was adjusted to ca 10° cells/mL, which gave a final volume a 0.9 mL for
the cell suspension. Sufficient 0.5% Ficoll in C-R was run into a 20 mL
glass syringe to fill the cone and break the meniscus. The cell sample was
then loaded from the bottom at a rate of 0.5 mL/min. This was followed by
20 mL of a 2-3% Ficoll gradient. The gradient lifted the cells to form a thin
band near the top of the chamber. When loading was complete, the cells
were allowed to sediment at 4° C in a vibration-free cold room. After 4 h
the cone volume was discarded and 1 mL fractions were collected from the
bottom. Cell types in each fraction were determined from slides prepared
directly from the fraction with a Shandon Cyto-Centrifuge fixed in 3:1
methanol-acetic acid and stained with 2% acetocarmine in 45% acetic acid.

TABLE 1

Sedimentation separation of germ cells of male spruce budworm

Fraction'	 Cell type'

1	 Large. indeterminate identity
2	 Pigmented epithelial

3-5	 Few. indeterminate identity
6-7	 Pachytene; diplotene
8-9	 Diplotene; MI; early meiotic prophase
10	 Meiotic prophase of undetermined stages

11-13	 Spermatogonia; apparently somatic cells of indeterminate origin
14-15	 Secondary spermatocytes; MU; early spermatids; spermatogonia

16	 Spermatids; late secondary spermatocytes
17	 Spermatids
18	 Sperm; spermatids
19	 Sperm; very few spermatids
20	 Cellular debris

' Twenty fractions of 1 mL collected from bottom of separation chamber.
All fractions contained minor components of cells of indeterminate identity.

Sedimentation rates of cells are related to their volume (Lam et al.,
1970) and resolution is therefore greatest in the upper- and lowermost
fractions (Table 1). The large primary spermatocytes sediment rapidly,
while the small spermatids and sperm sediment slowly if at all. The best
resolution between adjacent fractions is obtained with sperm and
spermatids; the respective fractions are about 95% free of other
contaminating cell types. There is some overlap in cell type among
fractions in the middle of the gradient, due in large part to the similarity in
size of spermatogonia, secondary spermatocytes, and an indeterminate cell
type that may originate in the testes tunica. However, some fractions are
clearly enriched in identifiable cell types, e,g. fractions 11 to 13 in
spermatogonia and fractions 14 and 15 in secondary spermatocytes.

The relative positions of cell types in the gradient are consistent from
run to run, though absolute position may differ by a fraction or two.
Proportions of cells of each type are, of course, a function of age of donor
insects, spermatogonia and spermatocytes predominating in younger larvae
and spermatids and sperm predominating in pupae (Retnakaran, 1970).
With the appropriate choice of medium, cell viability and morphology
remain unaffected by runs of up to 6 h duration. Spruce budworm
spermatogonia isolated by fractionation continued to incorporate tritiated
thymidine into their DNA when postincubated in a labelled medium.

The technique has been successfully applied to as little tissue as a
single pair of sixth-instar spruce budworm testes, to a number of other
insect species, and to cells from established lepidopteran cell lines. With
appropriate scaling to the number of cells available, it would appear to be
applicable to any tissue from which a cell suspension can be obtained.—
T.J. Ennis and N. Charlebois, Forest Pest Management Institute, Sault Ste.
Marie, Ont.

Effect of Seudenol on Spruce Beetle and Douglas-fir Beetle
Aggregation.—The effect of seudenol, a pheromone of the Douglas-fir
beetle (Dendroctonus pseudorsugae Hopk.) (Vité et al,, , Naturwissenschaf-

30



ten 10:469-470, 1972), in aggregating spruce beetles (D. rufipennis,
Kirby) exceeded that of the pheromone frontalin (Kinzer et al., Nature
221:477-478, 1969) when both were used with oc-pinene on traps without
host trees in preliminary tests in Alaska (Furniss et al., Can. Entomol.
108:1297-1302, 1976). Since frontalin induces attacks by female spruce
beetles on host trees, followed by aggregation of large numbers of both
sexes (Dyer, Can. J. For. Res. 3:486-494, 1973), clarification of the roles
of seudenol and frontalin, by the use of traps with and without spruce trees,
was required. Pitman et al. (Z. angew. Entomol. 78:203-208, 1975) had
demonstrated that both seudenol and ethanol increased the attractiveness of
frontalin and host terpenes for Douglas-fir beetles. In 1976, we conducted
field tests near or in forest stands 65 km (40 miles) south of Prince George,
B.C., which were predominantly Picea engelmannii Parry, Picea glauca
(Moench) Voss, and Abies lasiocarpa (Hook.) Nutt., with lesser amounts
of Pinta contorta Dougl. and the occasional veteran Pseudotsuga menziesii
(Mirb.) Franco.

In the first test, greenhouse cages (Chapman, Can. Entomol.
98:50-59, 1966) with no host material enclosed were equipped with test
materials and two glass barrier traps 0.3 m square (Chapman and
Kinghorn, Can. Entomol. 87:46-47, 1955) placed at right angles to each
other along the screen opening on top. The cages were placed 20 m apart in
a row in a randomized block design, each of three blocks being in a
different location. The rows of cages were in open areas not less than 20 m
from the nearest spruce trees along edges of mature stands. Each block
contained six treatments including a control. The chemicals (Table 1) (1
mL each) were diffused from half-dram glass vials placed inside perforated
35 mm aluminum film cans (Rudinsky et al., Can. Entomol. 104:815-822,
1972), which were hung, one per cage, on wire loops attached to the tops
of the cages. In addition to the test materials, all cages were equipped with
a separate dispenser of oc-pinene. For cages employing seudenol plus
frontalin or ethanol plus frontalin, both vials were placed in the same film
can. However, cc -pinene was always dispensed separately and placed on
the opposite side of the screen from the test material. Release rates at room
temperature and in still air were 0.58 mg/h for frontalin, 0.17 mg/h for
seudenol, 6.11 mg/h for ethanol, and 0.47 mg/h for cc-pinene. Purity of
the compounds as indicated by the suppliers was: frontalin 99%, seudenol
97%, and ethanol 95%. The oc-pinene was technical grade.

Insects from traps were collected on 11 dates from May 31 to July 29
in accordance with flight and weather conditions. The main flight period
occurred from 6 to 18 June. Two-way analysis of variance without
replication was performed, after square root transformation, on numbers of
spruce and Douglas-fir beetles caught in traps. Differences between means
were tested by Student-Newman-Keuls test (Sokal and Rohlf, Biometry,
W.G. Freeman and Co., San Francisco, 1969).

Although this experiment was conducted initially to test the effects of
seudenol on spruce beetles, Douglas-fir beetles were also attracted to the
traps. A total of 331 spruce beetles and 255 Douglas-fir beetles were
trapped during the test period.

Spruce beetles of both sexes were attracted to seudenol plus
oc-pinene-baited traps (treatment A) significantly (P<0.05) more than to
all other treatments, which did not differ significantly from each other
(Table 1). This difference was also true for female beetles alone. There
was a preponderance of male spruce beetles in treatment A, the sex ratio
being 7.6 de to 19 (Table 1). In similar tests conducted in Alaska, Fumiss
et al. (1976) also found that seudenol plus rx-pinene attracted more spruce
beetles than did frontalin plus cc -pinene, but the mean sex ratio on
seudenol-treated traps favored males by only 1.58 to 1. Dyer and Chapman
(Bi-mon. Res. Notes 27:10-11, 1971) showed that frontalin plus cc-pinene
predominantly aggregated females when used on spruce trees but was not
attractive to spruce beetles when used on traps.

The response of Douglas-fir beetles to the treatments was different
from that of spruce beetles (Table 1). The order of attractiveness of both
sexes by treatment was C> A = D>B = E>F (P<0.05). For females
only, treatments A, C, and D did not differ (C = A = D>B = E>F).
Seudenol enhanced the attractiveness of frontalin plus ethanol plus
oz_pinene to males but not to females. In our tests, the sex ratio in the
seudenol plus frontalin plus cc -pinene (treatment C) strongly favored
males, but with seudenol plus cc-pinene (treatment A), the sex ratio was
close to 1:1. Pitman et al. (1975) found that seudenol enhanced the
attraction of Douglas-fir beetle to Douglure (a combination of frontalin and
host terpenes), but their tests did not show definitely whether seudenol
altered the sex ratio of the population responding to Douglure.

TABLE 1

Field response and sex ratios of spruce and Douglas-fir beetles to baited glass barrier traps (three
replicates)

Treatment Test chemicals

Spruce beetle Douglas-fir beetle

Total
caught

Sex ratio
e /9

Total
caught

Sex ratio
dl?

A Seudenol plus .-pinene 214 7.6:1 47 0.88:1
B Ethanol plus .-pinene 36 3.0:1 13 1.6:1
C Seudenol plus frontalin plus .-pinene 35 4.8:1 118 3.7:1
D Frontalin plus ethanol plus .-pinene 21 1.1:1 59 1.3:1
E Frontalin plus cc-pinene 14 1.8:1 15 2.0:1
F Control plus .-pinene 11 4.5:1 3 2.0:1

Totals 331 255

TABLE 2

Numbers of associated scolytids and a predator T. undatulus caught by baited glass barrier traps at
treatments A-seudenol plus .-pinene B-ethanol plus cc -pinene C-seudenol plus frontalin plus
c,pinene D-frontalin plus ethanol plus .-pinene E-frontalin plus .-pinene F-control plus .-pinene

Treatments

Species A BCD E F Total

Dryocoetes autographus Ratz. 5 8 5 53 65 7 143
Trypodendron lineatum (Oliv.) 8 10 20 36 17 6 97
Hylastes nigrinus (Mann.) 5 4 — 23 43 2 77
Ips tridens (Mann.) 3 8 5 4 8 3 31
Dryocoetes affaber (Mann.) — — 4 6 4 I 15
Gnathotrichus retusus (Lee.) — 3 — 8 2 — 13
Orthotomirus caelatus (Eichh.) 1 2 — 3 3 — 9
Scierus annectens Lee. I — 2 1 2 2 8
Hylurgops rugipennis (Mann.) — — — 2 — 1 3
Pityokteines minutus (Sw.) — 2 — — — 2
Polygraphus rufipennis (Kirby) — — 1 2

Pityophthorus sp. — — — 1
Thanasimus undatulus Say 3 15 9 11 1 I 40

Total 26 52 46 149 145 23 441

A total of 401 associated scolytids (11 genera and 12 species) and 40
clerids (all Thanasimus undatulus Say) were also caught in the traps (Table
2). Treatments E and D attracted the largest numbers of scolytids, and the
species found in the greatest numbers were Dryocoetes autographus Ratz.,
Trypodendron lineatum (Oliv.), and Hylastes nigrinus (Mann.).

In the second test, 10 spruce trees in a row were baited alternately,
five with frontalin and five with seudenol dispensed (0.13 mg/h) from
polyethylene caps at breast height on two sides of each tree. Five adjacent
spruce trees were used as controls. Two 0.28 m 2 (30 x 91 cm) screens
coated with "Stickem Special" (Michel and Pelton Co., Oakland, Calif.)
were placed on each tree at breast height on 28 May. Screens were
examined 26 days later and removed at the end of August when the number
of scolytids on the screens and the number of attacks on trees were
counted. There were 42 spruce beetle attacks on the basal 2 m of four of the
five frontalin-baited trees; there were no attacks on the five seudenol-baited
and five unbaited control trees. Forty-one spruce beetle adults (34%dd)
were collected from sticky traps on frontalin-baited trees, four from
seudenol-baited, and three from the controls. These data suggest that
females, attracted to frontalin-baited spruce trees, were induced to burrow
and produced secondary attraction that aggregated beetles from the local
population.

In the first experiment, the spruce beetle data confirmed the results of
the Alaskan study (Furniss et al., 1976) by showing that seudenol plus
cc-pinene on traps attracted mainly males, but also more females than did
frontalin. Furthermore, neither seudenol nor ethanol enhanced the
attractiveness of frontalin on traps, and frontalin actually repressed the
attractiveness of seudenol to spruce beetles. The second experiment
suggests that frontalin induced female spruce beetles to attack host trees
but that seudenol did not. Since females attacking host trees produce
secondary attraction (Dyer and Taylor, Can. Entomol. 100:769-776,
1968), frontalin on host trees resulted in the attraction of beetles of both
sexes, while with seudenol on host trees this did not occur.
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The Douglas-fir beetle data confirm the study (Pitman et al„ 1975)
that showed that both seudenol and ethanol enhance the attraction of this
beetle to frontalin and cc-pinene. The results also emphasize how
differently D. pseudotsugae and D. rufipennis respond to pheromones that
they apparently have in common.—E.D.A. Dyer and C.M. Lawko,
Pacific Forest Research Centre, Victoria, B.C.

Conditioned Feeding Preference in the Forest Tent Caterpillar.—
The forest tent caterpillar, Malacosoma disstria Hübner, is a serious
defoliator of trembling aspen, Populus tremuloides Michx., and sugar

maple, Acer saccharum Marsh., in eastern Canada. In a mixed hardwood
stand, it prefers trembling aspen or sugar maple, whichever is dominant. It
has also been found on other deciduous trees such as white birch, Betula
papyrifera Marsh., and willow species, Salix L. (Sippell, Can. Entomol.
94:408-416, 1962). Whether the initial feeding experience dictates the
final host selection of the forest tent caterpillar in mixed stands was
investigated in the laboratory and, for this purpose, an artificial diet and
foliage from aspen, sugar maple, and white birch were used.

Egg bands occurring on aspen were collected from the Sudbury (Ont.)
area and stored in a cold room at 0-2°C for 4 months to satisfy the
diapause requirement. They were then soaked in 6% sodium hypochlorite
solution (Javex R) to remove the frothy covering and disinfect the surface,
and were allowed to hatch. The first-instar larvae were reared either on
artificial diet (Grisdale, Bi-mon. Res. Notes 32:1, 1976) or on fresh leaves
of white birch for 10 days, after which they were given a choice of artificial
diet, sugar maple, aspen, and white birch foliage. The larvae performed
equally well on both artificial diet and white birch leaves during the 10-day
exposure (Table 1). Survival, increase in weight, and feeding rate, as
indicated by frass count, were all comparable. The larvae were then placed
in a large petri dish, 150 x 25 mm, containing the four test diets, which
was placed in a growth chamber maintained at 21°C, 70% RH, and
photophase of 16 h. The number feeding on each test diet was recorded at
1-h intervals for 8 h; then a final reading was taken at 24h, At the end of 3

TABLE 1

Effect of white birch foliage and artificial diet on the performance of the first-instar forest tent
caterpillar (figures within brackets indicate the range)

Frass
Initial Initial Survival count

Diet
no.

larvae
weight

(mg/larva)
after

10 days
Weight

(mg/larva)
(no./larva/

day)

1. White 125 0.29 125 2.61 11
birch (0.27-0.32) (2.42-2.68) (7-16)

2.	 Artificial 100 0.27 98 3.54 11
diet (0.23-0.28) (2.82-3.97) (7-15)

TABLE 2

Feeding preference of the forest tent caterpillar. shown by distribution of larvae on the four lest diets

Clasped
time (h)

Diet for
initial

10 days

Number of larvae on

Artificial
diet

Sugar
maple Aspen

White
birch None

0 Artificial diet o' 0 o 0 40
While birch 0 0 0 0 40

I Artificial diet 11 0 0 0 29
White birch 0 13 2 2 23

2 Artificial diet 3 0 0 0 37
White birch 0 19 1 8 12

3 Artificial diet 12 7 0 0 21
White birch 0 19 0 4 17

4 Artificial diet 15 25 0 0 0
White birch 0 3 6 19 12

5 Artificial diet 13 21 0 0 6
White birch 0 2 7 16 14

6 Artificial diet 17 4 0 3 16
White birch 0 2 11 12 16

7 Artificial diet 13 8 0 6 13
White birch 0 2 12 11 16

8 Artificial diet 20 1 0 0 19
While birch 0 2 8 20 10

24 Artificial diet 33 6 0 0 1
White birch 1 4 4 28 3

to 5 h the larvae tended to feed on maple, but after 24 h most of the larvae
reared on artificial diet returned to the artificial diet and those reared on
white birch returned to the white birch (Table 2). The experiment was
repeated three times, with similar results.

Early exposure to a particular diet apparently influenced the
preference for that diet at a later stage. Such a conditioned response might
in part explain the reason for the occurrence of forest tent caterpillars on
certain tree species alone in mixed stands. — Arthur Retnakaran, Forest
Pest Management Institute, Sault Ste. Marie, Ont.

PROTECTION

Production of Inhibitors of Pythium in Soil. — Pythium ultimum
Trow is inhibited by some extracts from soils (Vaartaja, Bi-Mon. Res.
Notes 25:25-26, 1969). In 1971 an unusually persistent inhibition
following heavy rains during a period of hot weather was noted, and it was
suggested that the unusually stable inhibitor was produced by soil microbes
(Vaartaja, Phytopathology 67:67-71, 1977). These microbes were encour-
aged by high moisture and high temperature and were therefore suspected
of being bacteria. Basith and Vaartaja (page 197 in G.W. Bruehl, ed.,
Biology and Control of Soil-borne Plant Pathogens, Third International
Symposium on Factors Determining the Behavior of Plant Pathogens in
Soil, Am. Phytopathol. Soc., St. Paul, Minn., 1975) demonstrated that
inhibition increased after the addition of sucrose and (NH 4) 2 HPO4 to the
soil as amendments. The use of amendments, correlations with weather,
and the experimental manipulation of soils appear to be the only means
available to study the production of the inhibitor.

Reported here is a study in which the production of the inhibitor is
manipulated by soil treatments. Assay of Pythium growth, soil extraction,
and incubation were done as in the 1969 study. The soil was a sandy loam
from the nursery of Petawawa Forest Experiment Station, Chalk River,
Ont.

The treatments were designed to increase the production of the
Pythium inhibitor by soil bacteria. The bacterial activity was manipulated
by amending the soil as follows: (a) with sucrose in three widely varying
concentrations (designated 0.1 S, S, and 5 S); (b) with chitin (Ch) and
starch (St); (c) with nutrients containing available N as well as C (sucrose
+ urea or asparagin) (S + U or Asp); (d) with antifungal (Fu) antibiotics
(Actidione and primaricin to suppress competition of fungi against
bacteria); and (e) with combinations of the foregoing.

Soil samples were saturated with solutions of nutrients and/or
antibiotics and incubated for 5 days with daily amendments of distilled
water corresponding to 1.2 cm of rain. Neither of the antibiotics had any
effects on soil bacteria or on Mortiedella spp. and Pythium but did inhibit
most other common soil fungi. After 5 days the soil samples were extracted
with distilled water. These extracts were filtered (0.2 um pore size) and
incorporated in agar media. The extension growth of P. ultimum was

measured in 20 h.
The 12 treatments in the main series of experiments and their results

are shown in Table 1. Differences in Table 1 were not considered
significant if they were less than 10%, since repeated assays of another
extract from a sandy soil, obtained with the same method as in the 1974
study, gave Pythium growth 31.0 ± 21 (avg S.D.)%.

As expected, increasing amounts of readily available energy source
increased inhibitor effect. Pythium growth decreased in the following
order: treatment 4 (0.1 SFu) > treatment 9 (SFu) > treatment 12 (5 SFu).
Similarly, complex nutrients had greater effects than simple ones: 5 (S) >
8 (Asp) > 10 (SU) > 11 (SAsp). Readily available nutrients had greater
effects than less available ones: no. 2 (StFu) than 9 (SFu). The relatively
extensive inhibition produced in chitin treatments may be due to selective
utilization of the nutrient by Streptomyces spp., known for their antifungal

activity.
The treatments with fungistatic antibiotics should favor bacterial

activity; and, if bacteria are the main producers of the inhibitor of Pythium,
growth in treatment 5 (S) should be more than in no. 9 (SFu). and in 1 (0)
more than in 3 (Fu), as was the case.

Subsequent experiments indicated that natural soil could yield either
stimulatory or inhibitory extracts. This variation would have confused the
reported results had not treatment 12 (5 SFu) consistently increased (up to
210%) the inhibitory action of the extracts.
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