A Relationship between
Photoperiod and Cold-Storage
Treatment in the Spruce Budworm

Abstract. Exposure of diapausing sec-
ond-instar larvae of Choristoneura fumi-
ferana to continuous light at 21°C, after
only 6 weeks’ storage at 0°C, induces
emergence of larvae that will not emerge
in photoperiods of 15 or 18 hours. Fol-
lowing the normal storage period (20
weeks) there is no such effect. Complete
dark or 12-hour photoperiods inhibit
emergence after storage periods of all
lengths.

The spruce budworm, Choristoneura
fumiferana (Clem.), is a strictly univol-
tine species, most individuals entering
diapause in the second instar without
feeding, regardless of the photoperiod to
which they have been exposed since the
egg stage (1). However, as described be-
low, these larvae are sensitive to length
of photoperiod after having been stored
at a low temperature while yet in their
hibernacula. Also of interest is the find-
ing that exposure to continuous light ef-
fects the termination of diapause and the
emergence of larvae that have received
inadequate cold treatment (2).

Families of the first laboratory gener-
ation of two wild populations were stored
at 0°C, the larvae being in their hiber-
nacula in petri dishes (1, 3). After 6, 10,
14, and 26 weeks, respectively, families
were returned to the rearing room (tem-
perature, 21°C, relative humidity, 70
percent), where each family was split
into two equal portions by cutting the
gauze-parafilm covering bearing the lar-
vae in their hibernacula. Family frac-
tions thus formed were distributed so
that several families were represented in
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each light treatment. Photoperiods of 12,
15, 18, and 24 hours, respectively, were
provided, controlled by a day-night
clock switch in the circuit to the light
tables (I); continuous dark was pro-
vided on an adjacent shelf. Emergence
took place over freshly thawed balsam
fir buds in petri dishes placed on the
light tables, the pieces of gauze bear-
ing the unemerged insects being moved
to dishes of fresh food at regular inter-
vals (3) until all the living larvae had
emerged. Emergence was determined by
checks of the gauze and by checks of the
establishment of larvae on the food after
10 to 14 days.

Some of the important features of the
results appear in Fig. 1; only data for 6
and 14 weeks’ storage are included here,
those for other storage periods being
similar. In the figure, values for cumu-
lative emergence, expressed as a per-
centage of the larvae alive at the end of
the storage period, are plotted against
time of emergence. A separate curve is
shown for each photoperiod, and the
points plotted represent the means of
several family portions within each treat-
ment.

As is shown in the figure, the initial
emergences, after storage periods of both
6 and 14 weeks, were greater for photo-
periods of 15 and 18 hours than for pho-
toperiods of 0, 12, or 24 hours. This
effect was sufficient to make the mean
emergence rates (over the entire emer-
gence period) of larvae subjected to 15-
and 18-hour photoperiods significantly
higher than the rate for larvae under
other treatments (¢ tests on split fami-
lies). After 26 weeks’ storage there were
no longer significant differences. The
total percentage emergence also was
higher for photoperiods of 15 and 18
hours than for photoperiods of 0 or 12
hours, even after 26 weeks’ storage. This
difference was least pronounced when
light treatment followed the shortest stor-
age period. These results definitely show
that, after overwintering, the spruce bud-
worm responds to length of photoperiod,
both in rate of emergence and in per-
centage of individuals emerging. That
light periods of 15 and 18 hours per day
should be the most effective is not sur-
prising, since there already is some evi-
dence that the budworm is a “long-day”
insect (1).

With an increase in length of storage

from 6 to 14 weeks, both the rate of
emergence and the percentage of indi-
viduals emerging, for 15- or 18-hour pho-
toperiods, increased quite markedly, as
was expected. However, longer storage
had less effect on the emergence of lar-
vae receiving 0 or 12 hours of light per
day. Even after 20 weeks’ storage, when
there were only negligible differences
between the effects of the other treat-
ments (with emergence about 40 per-
cent), emergence for 0 or 12 hours of
light per day did not exceed 12 per-
cent. This inhibition of emergence by
short days is further evidence of a sen-
sitivity of this insect to length of photo-
period at this stage.

Although emergence was Iinitially
slower, the numbers of insects that
emerged under continuous-light treat-
ment after short storage periods were
considerably greater than the numbers
that emerged for any other photoperiod.
(The slight reduction in total emergence
after 14 weeks’ storage probably repre-
sents increased mortality as a result of
storage; a further reduction was ob-
served after 26 weeks.) It is probable
that, after all four storage periods, con-
tinuous light induced the eventual emer-
gence of most of the viable insects. In-
crease in length of storage time reduced
the proportion of larvae which, having
failed to emerge in 15- or 18-hour pho-
toperiods, emerged under continuous
light. After 26 weeks, when the cold-
storage requirements of all insects had
been met, continuous light was no more
effective than photoperiods of 15 or 18
hours. It appears, therefore, that expo-
sure to continuous light during the emer-
gence period in some way overcomes the
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Fig. 1. Comparison of the effects of length
of photoperiod on the emergence of spruce
budworm after short overwintering times
of 6 and 14 weeks.
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effect of insufficient cold treatment.
After 6 weeks’ storage, at least 10 days
of continuous light were needed to effect
emergence of larvae which would not
emerge in more normal photoperiods.
The minimum treatment required was
less for families that had been stored an
additional 8 weeks. There should be no
question, however, about the nature of
the diapause in this budworm, since even
exposure to continuous light failed to
produce appreciable emergence after
storage for less than from 4 to 6 weeks.

It is interesting to recall at this point
that in budworm stocks selected over
several generations for nondiapause, the
best response was achieved only when
the larvae were exposed to continuous
light (I). The nature of the effects of
continuous light and the relation to the
humoral control of diapause merits fur-
ther investigation. The action of continu-
ous light may normally be deleterious
and may possibly be similar to the effects,
in Cecropia silkworm, of surgical ma-
nipulation, during the last few weeks of
the chilling period, in hastening the
restoration of the brain’s endocrine ac-
tivity (4, 5).
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Respiratory Discharge
of the Pons

Central respiratory discharges have so
far been recorded mainly in the medulla
oblongata (1), which was known to cause
maximal inspiratory or expiratory re-
sponse by electric stimulation. On the
other hand, an involvement of the pons
in the neurogenesis of respiration has
been widely accepted. A region which in-
hibits the activity of the apneustic cen-
ter and so produces normal respiratory
rhythm has been called the pneumotaxic
center and was located in the anterior
pons (2).

To localize this area more precisely,
electrolytic lesions (3) and electrical
stimulations (4) were used, and it was
concluded that the pneumotaxic center
lies in the extreme dorsolateral portion of
the anterior pontine tegmentum or in the
dorsolateral reticular formation of the
isthmus of the pons. Rhythmicity of res-
piration was attributed to two mechan-
isms which are mutually replaceable—
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Fig. 1. (Top) Respiratory spike discharges obtained in the pons (9 mm rostral from the
obex, 2.5 mm lateral from the mid-line, and at a depth of 2 mm from the surface), and
(bottom) respiratory movement (peaks are inspiratory phase).

the vagal reflex and the pneumotaxic
center—although the mode of firing of
the latter remains obscure. Electric
sounding of the pons, therefore, may of-
fer a possibility for a more precise local-
ization and may clarify the function of
the pneumotaxic center.

After anesthetization with urethane
(1.2 g/kg), rabbits were tracheotomized,
and both carotid arteries were ligatured.
Occipital craniotomy was performed, but
the cerebellum was left tntact. Care was
taken to minimize bleeding. The pons
and medulla oblongata were explored by
means of stereotaxic apparatus carrying a
monopolar steel electrode (of about 10
diameter), insulated except at the tip.
Changes of potential and the respiratory
movements of the chest were simulta-
neously photographed on the screen of a
two-beam cathode-ray oscillograph.

Inspiratory and expiratory discharges
were obtained in the medulla; bursts or
increase in frequency of continuous dis-
charges occurred coincidentally with the
inspiratory or expiratory movements. The
respiratory discharges were relatively
sparse and failed to separate distinctly
the inspiratory and expiratory region.
Periodic bursts of impulses corresponding
with respiratory rhythm, however, were
also obtained in the pons at a depth of
from 1 to 3 mm from the dorsal surface.
The active loci were restricted to a rela-
tively small region—from 2 to 2.5 mm
lateral from the mid-line and from 7 to
11 mm rostral from the obex—approxi-
mately corresponding to the nucleus re-
ticularis pontis caudalis of Meessen
and Olszewski. Pontine respiratory dis-
charges, by contrast with respiratory dis-
charges obtained in the medulla, did not
correspond either to the inspiratory or
to the expiratory phase but appeared as
shown in Fig. 1 in the course of inspira-
tion and disappeared in the course of ex-
piration. The frequency of spikes in-

creased with the progress of inspiration
and declined with the onset of expira-
tion. These figures resemble vagal af-
ferent discharge, the frequency of which
varied with the degree of lung inflation
(5). The vagus-like discharges obtained
from the pons were composed of positive
spikes, while inspiratory and expiratory
discharges of the medulla were composed
of negative ones. The meaning of this,
however, remains, for the present, a mat-
ter for speculation.

In the vagotomized rabbit, transection
of the mid-pons at the upper end of the
acoustic tubercles failed to affect the res-
piratory rhythm so long as the section
was limited to the medial part. Apneustic
breathing resulted, however, when the
section was made to extend 3.5 mm lat-
eral from the mid-line. The functional
similarity of vagal afferent and pneumo-
taxic centers is well known; hence, the
discharge here observed in the pons may
be a representation of pneumotaxic ac-
tivity and function in converting the in-
spiratory to the expiratory act (6).
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