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Larval Development and Timeliness of Pupation in the Laboratory
of the Navel Orangeworm, Amyelois transitella (Walker)
(Lepidoptera: Phycitidae), on Certain Diets, under Various
Photoperiod, Temperature, Aeration and Humidity Conditions!’

M. E. TZANAKAKIS? and M. M. BARNES

Department of Entomology, University of California,
Riverside, California 92 52]

ABSTRACT

Development of larvae of the navel orangeworm, Amyelois transitella (Walker)
(Lepidoptera: Phycitidae), was studied under various photoperiods, temperatures
and larval diets, in an effort to induce dormancy. Ready - to - hatch eggs or
neonate larvae were placed in transparent vials half - full of diet. Fully grown
larvae not pupating within 14 days at 26.7°C and L:D 16:8 were considered as
being in dormancy.

With artificial larval diets containing bran, yeast, vitamins, and fortified or not
with a high protein cereal and egg yolk, none of the treatments induced dormancy
to a substantial percentage of laboratory stock or wild larvae. With dry walnut
meats, larval growth was slower and survival much lower than with the artificial
diets. With walnut meats, when eggs were incubated at 32.2° and L:D 0:24, a
certain percentage of grown larvae of the laboratory stock underwent dormancy
when grown as larvae under the conditions that follow: 409, at 21" and L:D 12:12,
17% at 21" and L:D 0:24, 199 at 26.7° and L:D 16:8, and 22%, at 26.7° and L:D
0:24 for the first 14 days than at 21° and L:D 8:16 for the rest of larval life. When
both embrya and larvae developed at 21° and L:D 0:24, 17%, of the larvae under-
went dormancy. Yet, the relatively small number of grown larvae in the groups
fed walnut meats suggests further work for the occurrence of dormancy in this
insect to be proven.

No larvae developed on straight brewers’ yeast powder. Straight soybean flour
or 9:1 and 7:3 mixtures of it with yeast powder allowed the production of grown
larvae, pupae and adults of normal appearance. The rate of larval growth on the
soy:yeast diets was significantly slower than on a reference diet.

At 26.7°C, a L:D 16:8 photoperiod was as good as a 14:10 one. Continuous
darkness resulted in significantly reduced yield in adults and rate of larval growth.

High relative humidity on the surface of the diet allowed excessive growth of
fungi on and in the soy:yeast diets and resulted in a much faster larval growth.

Larvae developed well on dry walnut meats and in cracked dry and water-
soaked walnuts. Inside the walnuts the rate of larval growth was uneven, some
larvae being still fairly small on the 53rd day at 26.7°, while the majority was fully
grown or had already pupated.

! Received for publication January 26, 1989,
? Permanent address: Lab. Appl. Zoology & Parasitology,
Univ. Thessaloniki, 540 06 Thessaloniki, Greece.
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Introduction

The navel orangeworm (NOW), Amyelois
transitella (Walker), while being primarily a
scavenger, is a serious pest of almonds, wal-
nuts and pistachio nuts in California (Ebeling
1959, Michelbacher and Davis 1961, Rice
1978). In almond, walnut and orange orchards
it overwinters as larvae in various instars in the
mummy fruits which remain on the trees, or
have fallen to the ground (Glick 1922, Michel-
bacher 1958, Wade 1961, Falcon 1964). The
larvae continue their development during suffi-
ciently warm winter periods and complete their
development in late winter and early spring
(Michelbacher and Davis 1961, Caltagirone et
al. 1968, Engle 1981, Sanderson 1986). In
spring, emerging moths oviposit on mummy
nuts and the larvae of the first generation and a
percentage of the second generation develop in
such mummy nuts. In summer, when the new
crop fruit start to dehisce, oviposition turns
mainly to such fruit (Caltagirone et al. 1968,
Rice 1976, Engle 1981).

According to the literature, this insect does
not spend a certain season of the year at a
specific stage of development as would be the
case if its populations annually enter a dormant
stage. Furthermore, various larval instars col-
lected in winter and placed under higher temp-
erature conditions, developed immediately to
the next stage (Wade 1961). Thus, a number of
investigators conclude that the NOW has no
diapause in California (Michelbacher and Davis
1961, Wade 1961, Summers 1962), and others
doubt the occurrence of diapause in this insect
(Sanderson 1986).

On the other hand, Gal (1978) reported that,
for the first time, he observed diapause in the
NOW and that a photophase below 10 hours is
important. Unfortunately, he gave no further
details concerning the stage during which the
short photophase was important, the stage in
which diapause was manifested, or his criterion
of diapause. Legner (1983) observed that a cer-
tain percentage of navel orangeworms he field
collected in August and December in northern,
central and southern California developed to
the adult stage, at 25.6°C and L:D 14:10, much
later than individuals of a laboratory stock, and
concluded that this indicates diapause. Furth-
ermore, there are observations of some inves-
tigators which may indicate that, under certain

conditions, some larvae of the NOW behaved
differently from the rest, in a way which re-
minds one of predormancy behavior in some
other Lepidoptera. According to Glick (1922),
“cocoons found in hard dried oranges on the
ground (in Arizona) may lack the elongation’’.
He refers to the elongation of the cocoon form-
ing a tube allowing the emergence of the adult
moth. Cocoons found by Glick on the outside of
oranges also lacked the elongation, while in
vials the elongation was retained. Glick further
reported that the winter cocoons are heavy and
coarse, while those found during the summer
and early fall, especially in the oranges on the
trees, are very flimsy and the pupa may be
easily seen through the silk. Fully grown larvae
removed from hibernation in dried oranges
usually pupated within 2 or 3 days. Those lar-
vae invariably spun their cocoons, whether
they pupated soon after or not. Sanderson
(1986) had inconsistent results in a study of
developmental rates from neonate larva to
adult, at various temperatures at L:D 14:10, be-
cause of abnormal behavior of last instar larvae.
Those larvae, which grew inside mummified
almonds, on full growth abandoned the al--
monds and remained in the last instar for an
unusually long period of time, spinning exten-
sive emergence tunnels and/or several partially
completed cocoons. They did not feed, their
size decreased with time, and some pupated
without adults emerging.

Given the opposing views in the literature,
we felt that it was worth while to obtain ex-
perimental evidence to clarify the matter, by
submitting navel orangeworms to various
photoperiod end temperature conditions. De-
velopment on a few simple diets under various
illumination, aeration and humidity conditions
was also tried, to possibly detect delays in de-
velopment which might indicate a tendency
towards dormancy.

Materials and Methods
Timeliness of pupation

Laboratory stock. The insects were of a
laboratory colony, originating in southern California
and maintained for approximately 25 generations in a
room of 25.5°C receiving natural daylight through a
window. The larvae had been reared on an artificial
diet (A below), which is a modification of the diet
used by Finney and Brinkman (1967). Most of our
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experimental larvae were reared on the same diet
and some on a diet fortified with more yeast, a high
protein cereal, and hen's egg yolk (Diet B below).
The purpose of having two artificial diets in one of
the experiments was to increase the chances of dor-
mancy, in view of the fact that in some other insects
dormancy induction was affected by certain compo-
nents of the larval diet (Beck 1968, Tauber et al.
1986). Larvae were also reared on walnut meats
taken out of entire nuts purchased in April 1986 from
a local grocery. The walnut meats were broken into
pieces 2 to 10 mm in size.

Diet A Diet B
Wheat bran, unpacked 1200 1350 ml
Gerber high protein cereal - 113 g
Brewer’s yeast powder (NBCo
Biochemicals, Cleveland, Ohio) 5 45 g
Vitamin mixture 6 6 g
Hen's egg yolk, fresh - 20 g
Honey 100 133 ml
Glycerin 100 133 ml
Tetracycline hydrochloride 83 83 mg
Water, distilled 50 66 ml

From March 10 to April 6, 1986, adults emerging
from pupae were maintained at 20°C in a laboratory
room receiving natural daylight from a northern win-
dow, in glass battery jars covered with white tissue
paper. The eggs were laid on the tissue paper covers
of the battery jars containing the adults. Strips of that
tissue paper with eggs on them were maintained in
vials of transparent hard plastic, with a piece of moist
tissue paper to maintain approximately 80%, relative
humidity.

Twenty to 25 g of artificial diet or walnut meats
were placed in each 5 X 8.5 cm cylindrical vial
of transparent hard plastic. The vials containing the
artificial diets were approximately half full, while
those containing the walnut meats were less than half
full. Depending on the case, 25 or 30 ready - to -
hatch eggs or neonate larvae were added to each
vial, which was covered with brown tissue paper
held tightly with a rubber band, or covered with the
opaque white plastic cap of the vial, depending on
the treatment. The relative humidity in the rearing
rooms and the incubators ranged from ca. 35 to 65%.

The vials containing the larvae were maintained in
Percival incubators with temperature and photo-
period control, or in larger constant temperature
rooms. In one of those rooms, a number of hardboard
dark boxes had their lids open and close at desired
hours of the day, through solenoids taking current
through time switches. Replicates of each treatment
were placed randomly in each such box orncubator
and were changed places every few days, when
checked for larval development.

The percent water loss in 33 days of artificial diet
A in vials covered with brown tissue paper and with
their plastic caps, in three rearing rooms was as fol-
lows:

Percival
Room 6 Room 4 incubator
Cover of vial 21°C 26,7"C No. 2
Brown tissue paper 4.26 5.47 5.42
do. 4.27 5.28 5.76
Plastic cap 0.40 0.92 0.75

When the larvae approached full growth, a strip

of corrugated paper was placed so as to line the vial
wall, 1 cm above the diet surface, for the larvae to
spin their cocoons in. Corrugated paper strips con-
taining fully grown larvae or pupae were removed
from the vials every 2 to 4 days and placed in similar
clean vials maintained at 26.7°C and L:D 16:8 for the
larvae to pupate and adults to emerge. Larvae which
did not pupate within 2 weeks under that condition
were considered as being in dormancy. The number
of fully grown larvae that did not pupate within the
first week was also recorded, for additional informa-
tion on the time needed for pupation in the various
treatments.
Wild stock. Fallen walnuts were collected in
Riverside, California, on March 20, 1986 under
shrubs or under moist dead leaves beneath walnut
trees adjacent to a residence. After 2 days ina 10°C
refrigerator, the walnuts were cracked and the larvae
removed and placed in vials with corrugated paper
and a few walnut meats or artificial diet. Most were
fully grown, did not feed, and pupated within a week
at 26.7°C and L:D 16:8. After pupation, half of them
were maintained at L:D 16:8 and half at 14:10 and
26.7°. Emerging adults were maintained under each
set of conditions, except for the first 2 days and 3
nights, when they were held at 20°C in a room
receiving daylight from a window, to facilitate mat-
ing. Eggs were collected and handled as described
for the laboratory stock.

Development on various diets

The procedure was as above, with the following ad-
ditions or modifications: The vials containing the
diets received paper strips with 40 ready - to - hatch
eggs each and were maintained at 26.7°C and L:D
14:10 or 16:8. Continuous darkness was achieved by
wrapping the vials with heavy aluminum foil in the
L:D 14:10 room. The corrugated paper strips
containing fully grown larvae or pupae were re-
moved from the vials every 2 or 3 days. The number
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of pupae in those strips and of emerging adults from
the strips or the diets were recorded also every 2 or 3
days, except during two weeks when there were
gaps of 6 days between consecutive recordings.
Means were compared at the 0.05 level using the t
test (Steel and Torrie 1980). Further details are
given in the results section.

Results and Discussion
Timeliness of pupation

Laboratory stock larvae on an ar-
tificial diet. The generally low incidence
of dormancy in this experiment made us decide
to present the data not as means and percen-
tages of dormancy, but rather to sum up the
numbers of larvae in all replicates and give the
actual numbers of larvae in dormancy. In cer-
tain vials, mortality during larval growth was

unusually high, in contrast to the rest of the
same treatment. The data of such vials are pre-
sented separately.

It is seen in Table 1 that of the combinations
of photoperiod and temperature tested, none
caused dormancy in a substantial percentage of
fully grown larvae. In only a few vials, where
larval mortality was quite high, was there a
substantial percentage of larvae in dormancy.
Dormancy in those few vials should be attri-
buted to a diseased condition rather than to the
respective photoperiod and temperature re-
gimes. In other words, it should be regarded as
adelay in pupation or inability to pupate caused
by disease rather than as a diapause - mediated
dormancy. In conclusion, with the laboratory
stock and artificial diet A, no dormancy was
caused by long or short photophases in conjunc-
tion with relatively high or relatively low
temperatures.

TABLE 1. Fully grown larvae of the laboratory stock of A. transitella which did not pupate by the end of the Ist and 2nd
week at 16L:8D and 26.7°C, when reared under various photoperiod and temperature conditions. Thirty larvae per 25g of

artificial diet A per vial.

Total number

Total
LRI, not pupated

Photophase (per 24h) and Mithibar of fully by end of
temperature (°C) during of grown 15t 2nd
Egg Larva vials larvae week week
oh, 32.2% 16h, 21° 5 111 3 0

12h, 21° 5 84 3 0

8h, 21° 5 76 3 0

Oh, 21° 5 79 2 0

16h, 26.7° 5 91 1 0

Oh, 26.7° for 14 days,

then at 12h, 21° 3 61 1 0

Oh, 26.7° for 12 days,

then at 12h, 21° 2 43 0 -

Oh, 26.7" for 14 days,

then at 8h, 21° 4 78 0 -
Oh, 21° 16h, 21° 5 120 1 0

Yl 212 6 142 1 0

8h, 21° 6 119 1 0

Oh, 21° 5 110 0 -

12h, 21° for 21 days,

then at 8h, 21° 2 43 0 -
16h,26.7" 16h, 26.7° 5 126 0 -

14h, 26.7° 4 83 0 -

120,219 2 41 0 -

8h, 21° 5 111 2 0

Oh, 21° 5 100 0 -

16h, 21° 1 4 1 1

12h, 21° for 10 days, then at Oh, 21° for 7 days,

then at 12h, 21° 58 0 -

12h, 21° for 14 days,

then at 8h, 21° 2 38 1 1

12h, 21° for 10 days, then at Oh, 21° for 7 days,

then at 8h, 21" 3 68 2 0
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TABLE | continued

16h, 21 16h, 21°
12h, 21°
do.
12h, 21° for 14 days,
then at Bh, 21°
16h, 21° for 7 days,
then at 14h, 26.7°
16h, 26.7°
do.
14h, 26,7° 16h, 26.7"
14h, 26.7°
do.
do.
do.
14h, 26.7° for 10 days,
then at 8h, 21°
12h, 21°
14h, 26.7° for 10 days,
then at 16h, 26.7°
16h, 26.7°
14h, 21°
do.
12h, 21°
do.
8h, 21°
do.
14h, 26.7° for 10 days,
then at 16h, 26.7°
14h, 26.7° for 10 days,
then at 14h, 21°
12h, 21° for 14 days,
then at 14h, 26.7*
12h, 21° for 14 days,
then at 8h, 21°
8h, 21°
do.

12h, 21°

12h, 21°¢

8h, 21°

5 148 7 0
3 73 5 0
1 7 1 1
3 57 0 -
3 65 0 -
1 33* 5 =
2 104** 0 -
1 10 0 -
3 61 0 -
2 63 2 0
1 9 6 -
1 6 4 -
3 63 0 -
3 66 0 -
1 3 4 2
1 52+ 0 -
1 21 0 -
1 & 0 -
5 96 2 1
2 135%** 2 -
5 116 0 -
2 133%ne 3 -
3 42 4 -
1 el 1 -
3 47 0 -
6 140 2 0
-] 142 0 -
2 151 8% 0 -

* Many eggs per 25 g diet.
** BO-86 eggs per 25 g diet.
%% 120 eggs per 25 g diet.

Laboratory stock larvae on walnut
meats . The larvae grew on broken up walnut
meats. They were from the same parents and
were maintained under the same photoperiod
and temperature conditions as those that grew
on artificial diet A of the previous section. A
considerable proportion of the vials with walnut
meats did not yield more than a few fully grown
larvae, and the rest yielded considerably fewer
grown larvae than the vials with the artificial
diet. Furthermore, larval growth was much
slower than on artificial diet A. Therefore, dry
walnut meats, in addition to their high price,
were not a suitable substrate for fast laboratory
rearing of the NOW.

Only vials with more than a few fully grown
larvae are given in Table 2. It is seen that in
five treatments the percentage of larvae that

did not pupate by the end of the 2nd week at
26.7° was above 15% and in one of them 40%;.
In the same five treatments, the percentage of
larvae not pupating by the end of the first week
was 62-100%,. According to our criterion of
dormancy, we should conclude that dormancy
occurred in some larvae of those five treat-
ments. However, in view of the relatively
small number of grown larvae in each treat-
ment, and the fact that no records were kept
beyond the 2nd week after full larval growth,
we feel that a statement about the occurrence
of dormancy in the NOW under the conditions
shown in Table 2 should await further work.
On walnut meats, the percentage of larvae
that did not pupate by the end of the first week
at 26.7° was in general much higher than in
larvae fed on artificial diets. It is worth noting
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TABLE 2. Fully grown larvae of the laboratory stock of A. rransitella which did not pupate by the end of the 1st and 2nd
week at 16L:8D and 26.7°C, when reared under various photoperiod and temperature conditions. Twenty five to 30

neonate larvae per 30 g of walnut meats per vial.

Total number

Total
Pkl 2. not pupate_d
P g - of grown 1st 2nd
Egg Larva vials larvae week week
Oh, 32.2° 16h, 21° 3 14 5 0
12h, 21° 2 10 9 4
8h, 21° 3 15 8 1
Oh, 21° 2 24 16 4
16h, 26.7" 2 21 13 4
Oh, 26.7° for 12 days
then at 12h, 21° 1 8 0 0
Oh, 26.7" for 14 days
then at 8h, 21° 1 9 9 2
Oh, 21* 16h, 21° 2 17 3 0
12h, 21° 3 7 2 0
8h, 21° 3 10 4 0
Oh, 21" 3 47 38 8
16h, 26.7° 16h, 26.7" 3 23 10 2
Oh, 21° 3 39 16 0
16h, 21°  16h, 21° 1 3 3 0
12h, 21° 1 12 0 0
14h, 26.7" 14h, 26.7° 2 24 7 1
8h, 21° 8h, 21" 2 9 2 0

that in 4 out of the 5 treatments that showed
dormancy, the eggs were incubated in the dark
and at high temperature, and in the 5th treat-
ment again in the dark but at a moderate temp-
erature. High temperature combined with
darkness during incubation is known to favor
the induction of dormancy in at least two other
polyvoltine Lepidoptera (Tzanakakis 1959,
Tzanakakis et al. 1988). Therefore, further
work to substantiate the occurrence of dor-
mancy in the NOW should include high temp-
erature and darkness during incubation, a vari-
ety of larval diets including dried nuts such as
walnuts and almonds, and insects recently col-
lected from the wild. Such future work should
also include treatments aimed at inducing dor-
mancy in early instar larvae. Such larvae, be-
cause of their small size and hiding habits might
escape attention.

Wild stock larvae on artificial
diets. The number of eggs we obtained from
females of the wild stock was relatively small,
therefore, the number of treatments was li-
mited and there were no replicates. The treat-
ments were those suggested by the results of
the experiment with larvae of the laboratory
stock. Two diets were used: the standard one

(A), and the fortified one (B). Their composi-
tion is given in the Materials and Methods sec-
tion. In some treatments diet A was packed to
ca. 2/3 of its volume (cases marked B in Table
3). In some other treatments the vials were
tightly covered with their plastic caps from the
day neonate larvae were placed in them (cases
marked C and D). The results are given in
Table 3.

With all the reservations justified by the lack
of replicates in this experiment, we conclude
that no dormancy occurred to a substantial per-
centage of larvae of the wild stock, when
reared on the two artificial diets. Same as with
larvae of the laboratory stock, a substantial per-
centage of dormancy in the wild stock occurred
only in the few cases where larval mortality
was high. We tend to attribute this dormancy
again to a diseased condition of the larvae
rather than to the photoperiod and temperature
conditions involved. The fact that with the wild
stock larvae only a long and a relatively long
photophase were tried, does not allow any as-
sumptions as to possible conditions that may
favor dormancy more than others. On the other
hand, the way the laboratory stock insects had
been maintained for more than 25 generations,
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TABLE 3. Fully grown larvae of a wild stock of A. rransitella which did not pupate by the end of the 1st and 2nd week at
16L:8D and 26.7°C. Larvae reared on artificial diets A and B. Thirty ready - to - hatch eggs or neonate larvae per
treatment. A:larval diet A, unpacked, paper cover on vial. B:diet A, packed, paper cover. C:diet A, unpacked, plastic

cover. D:diet B, unpacked, plastic cover.

Photophase (per 24h) and
temperature (°C) during

Parent pupa

and egg Larva

Handling

larval

Not pupated

Na: pu- by the end of

of

pated
within
Ist week

2nd
week

st

diet week

14h, 26.7° 16h, 26.7°

14h, 26.7°
8h, 26.7"

do. 14h, 26.7°

then at 8h,

for 10 days
21°

16h, 26.7°  16h, 26.7°

8h, 26,7°

8h, 21°

do. 14h, 26.7" for 8 days

then at 8h, 21°

16
16
12
22

7
19
17
15
18
30

2
23
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allowed selection against dormant individuals
and slow - growing individuals.

Treating the parents of laboratory
stock larvae. The lack of definite dor-
mancy in larvae of the previous experiments,
led us to also try certain photoperiod and temp-
erature treatments on late instar larvae of the
parental generation in conjunction with certain
treatments of their progeny. The insects were
of the laboratory stock. Parental larvae were
reared on diet A. It is seen in Table 4 that no
dormancy occurred under any of the combina-
tions of photoperiod and temperature tried.
Miscellaneous observations. With
the laboratory stock and artificial diets, low re-
lative humidity during the incubation of eggs
did not result in a picture different from that

with 90% or more relative humidity. High
humidities were obtained by adding water -
soaked tissue paper inside the vials containing
the eggs.

In certain treatments not given in the tables,
population densities of 5 neonate larvae or eggs
per g of artificial diet or of walnut meats did not
give more dormant larvae than the 1 larva per
g diet density.

Dormant larvae of the laboratory or the wild
stock did not spin dense cocoons of the type
described by Glick (1922).depending on the
cocoon'’s position in the larval diet, in the cor-
rugated paper or elsewhere in the vial, an adult
exit tube was detectable in most cases. No co-
coons of unusually dense weave were noticed
throughout this work.
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TABLE 4. Fully grown larvae of the laboratory stock of A. fransitella which did not pupate by the end of the 1st and 2nd
week at 16L:8D and 26.7°C when they and their parents grew under various photoperiods and temperatures. Three vials of

35 ready - to - hatch eggs per 25g of artificial diet B per treatment.

Photophase (per 24h) and Niisibas Number not
temperature (°C) during of fully pupated by end of
Parental Filial eggs grown 1st 2nd
late larvae* and larvae larvae week week
16h, 26.7¢ 16h, 26.7¢ 65 7 0

12h, 26.7° 77 9 1
12h, 21° 16h, 26.7° 81 7 0

12h, 26.7° 73 8 0
8h, 21° 16h, 26.7° 63 0

12h, 26.7° 60 3 0

*Parental pupae at 16h, 26.7°, and adults under natural photoperiod (mid April) and 21°,

Development on soy : yeast diets

In interpreting the results obtained with the
soy:yeast diets, we should bear in mind the
following: larvae that pupated within the diet
were not recorded as fully grown larvae nor as
pupae. They were recorded only as adults. This
is why the number of adults in certain treat-
ments, as shown in the table, exceeds the
number of fully grown larvae. Therefore, no
conclusions should be drawn as to larval and
pupal survival by comparing the numbers of
individuals recorded in the previous develop-
mental stage. The same holds for the number of
days needed for 509, of larvae to complete
growth or to pupate. Rough comparisons can be
made taking into consideration that the mean
time from full larval growth to pupation was 3
to 4 days and from full larval growth to adult
emergence 13 days. The number of eggs that
hatched was not recorded, but in a few vials of
another experiment the percent egg hatch was
from 60% to over 85%,. Therefore, yields in
grown larvae or adults shown in the table may
differ substantially from the true ones.

Soy: yeast ratios. Not a single larva
completed development on straight brewers’
yeast powder under any of the conditions
shown in Table 5. Therefore, straight yeast is
not included in the table. Straight soybean
flour, or 9:1 and 7:3 soy:yeast mixtures allowed
the production of fully grown larvae, pupae and
adults of normal appearance. As seen in Table
5, at 26.7°C and L:D 14:10 in vials with tissue
paper covers (Treatments A to D), the yield in
grown larvae and adults was poor in the straight
soy, better in the 9:1 soy:yeast diet and even
better in the 7:3 diet and the reference diet B,

although the differences were not statistically
significant between most of those treatments. It
is worth noting that the yield of the 7:3 diet was
not significantly different from that of the re-
ference diet. When the vials had plastic covers
(Treatments E to I) the yields between the four
diets did not differ significantly.

As to the rate of larval growth, we see that
the addition of yeast to the soy reduced the rate
significantly and that the reference diet gave by
far the fastest growth. The picture is generally
similar with plastic covers of the vials, although
some differences were not significant. Al-
though a slower growth indicates a poorer diet,
such growth may have some use in certain ex-
periments such as those aiming at detecting the
possible occurrence of dormancy. It may also
be desirable for periods when we need only to
maintain a given colony with the minimum of
labor and cost.

With all the reservations imposed by the
method we used, we could conclude that
straight soybean flour or mixtures of it with
109 or 309, brewers’ yeast powder allow the
production of adults of the navel orangeworm.
In view of the fact that soy:yeast diets are sim-
ple ones, their further testing is justified to es-
tablish whether they can be relied upon for
continuous rearing of this insect. Forms other
than the powder one, such as pellets or flakes
should also be tested.

Effect of limited aeration. Here we
assume that aeration inside vials with tight -
fitting lids of plastic was limited, as compared
to vials which had tissue paper covers. The
tight - fitting lid remained in place till we ob-
served the first larvae approaching full growth.
The vials were then opened for a short time to
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TABLE 5. Yield in and rate of growth of navel orangeworms at 26.7°C on soy flour and brewers’ yeast diets, under various

photoperiod and humidity conditions (40 eggs per vial).

Mean percent yield + 5.D. in

Mean no. of days + 8.D. to 50% of

Test Number  Soy:yeast
e of vials ratio Grown larvae* Adults Grown larvae* Adults

Paper cover of vials, L:D 14:10

A kS 10:0 10.5+ 52 a 4.0+4.3 a 40.7+0.5 a 48.0+3.0 a

B 5 9:1 16.2+ 8.3 ab 8.0+4.7 be 44.8+2.5 be 57.0+2.3 b

C 9 7:3 21.0%£ 5.0 be 8.6£3.0 be 51.6x2.5¢ 65.4+5.1 ¢

D 2 Diet B 21.5+ 2.1 bd 12.0£5.7 cd 25.0+0.1 h 29.0+42 d
Plastic cover of vials, L:D [4:10

E 3 10:0 250+ 2.6 cd 12.3+4.6 cd 45.7+4.0 bg 61.0+£7.2 be

G 3 9:1 28.0£16.4 cd 11.3+5.0 od 48.3+3.5 dfg 57.7£5.1b

H 5 7:3 26.6+12.4 cd 12.2+54 d 52.2+6.1 cd 65.6+8.5 ¢

1 3 Diet B 21.7+13.4 acd 7.3+8.4 abd 22.0+5.2 hi 30.7+£3.8d
Plastic cover of vials, L:D 16:8

K 3 10:0 30.7£19.8 bed 9.0+4.0 abd 43.7+5.1 aefg 61.0£7.2 be

L 3 9:1 31.0+ 854 13.0+4.4 d 49.3+5.1 cdg  69.0%0.1 ¢

M 3 7:3 23.7+ 5.1 cd 9.3+3.1bd  50.0+5.6cdg  69.0+4.0 ¢
Plastic cover of vials, L:D 0:24

N 3 10:0 13.3+ 7.4 ae 13+1.2a 65.7+58 k 76.0+£9.9 ce

p 3 9:1 15.7+ 8.5 abc 0.7x1.2 a 76.3£5.8 m 83.0+0.1 e

Q 3 7:3 11.0+ 4.0 ae 1.0+1.0a 70.3+2.3 km 76.0+9.9 ce

Plastic cover of vials, high RH, L:D 14:10

R 4 10:1 0 0 - -

S 1 do. 10.0 4.0 25.0 38.0

T 2 9:1 144+ B.8B ab 8.2+2.4 be 258+1.8 h 39.0+0.1 f

U 1 do. 29.0 10.0 21.0 38.0

A 5 7:3 14.8+ 4.6 be 13.0£5.1d 25.0£28 h 39.3+3.0f

W 2 Diet B 16.0+ 5.7 abd 14028 d 16.0+x0 i 29.0+0.1d

* Means within the same column followed by the same letter are not significantly different at the 0.05 level.

add a strip of corrugated paper to each for the
larvae to pupate in. From then on, the vials
were opened every 2 or 3 days to renew the
corrugated paper and/or to remove grown lar-
vae or adults. Thus, in every such vial the con-
dition which we consider as of limited aeration
prevailed till the first fully grown larvae were
observed. As seen in Table 5 (Treatments E to
I), in the soy and the soy:yeast diets limited
aeration resulted in a better yield in grown lar-
vae and adults as compared to vials with more
aeration (A to D). In general, limited aeration
did not affect significantly the rate of larval
growth either.

Effect of illumination. With a tight -
fitting lid, the yield in grown larvae and adults
under a L:D 16:8 photoperiod (Table 5, K to M)
was generally not significantly different from
that under a L:D 14:10 (E to I). By contrast,
under continuous darkness (N to Q) the yield as
well as the rate of larval growth were signific-

antly lower than in the presence of light, being
the lowest recorded in this experiment.
Effect of high humidity. High humid-
ity in the vials during larval growth was
achieved by fastening a 1 cm piece of water -
soaked cotton wick on the inside of the vial’s
lid. The wick remained moist throughout the
time necessary for the larvae to reach full
growth. Relative humidity on the surface of the
diets must have been at or near 100%,. The high
humidity favored the excessive growth of fungi
on and in the soy and soy:yeast diets but not on
the reference diet B. Thus, the yield and
growth rate data from the high humidity vials
include the possibility that larvae fed also on
fungal hyphae and spores. Therefore, data from
high humidity vials should not be taken as
showing the effect of humidity only.

As seen in Table 5 (R), the yield on straight
soy was nil. Yet, an extra vial (S) in which
folded tissue paper in contact with the surface
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of the diet was added from the day the eggs
were added, did not develop obvious fungal
growth and gave a few grown larvae, pupae and
adults. This favorable effect of folded tissue
paper was also noticed in the extra vial (U) with
the 9:1 soy:yeast diet. The yield in grown lar-
vae of the soy:yeast diets under high humidity
(T,V) was significantly lower than under no
such condition (G, H). This was not the case
with the reference diet. On the other hand, the
yield in adults was not significantly affected by
high humidity. Under high humidity the rate of
larval growth on the two soy:yeast diets (T, V)
was significantly and substantially faster than
without high humidity (G, H). In fact, the larval
stage under high humidity was completed in
approximately half the time it took under no
such condition. Thus, the number of days to full
larval growth compares favorably with that ob-
tained under the same temperature on a satis-
factory artificial larval diet such as the one of
Finney and Brinkman (1967), or on dehisced
almonds (Sanderson 1986). The rate of larval
growth on diet B was under high humidity the
fastest recorded in the present experiment, al-
though it did not differ significantly from that
under no high humidity.

The navel orangeworm is known to do best
under rather moist conditions (Michelbacher
and Davis 1961, Sparks 1964). In nature, larvae
often develop inside fruits infected by fungi. It
would be interesting to test the growth of this
insect under a range of relative humidities in
conjunction with the presence of certain fungi
in the larval diet. The fungi should preferably
be among those associated with fruits the insect
infests in nature.

Development on walnuts and walnut meats

In a preliminary experiment without replicates,
the suitability of broken up walnut meats was
compared with whole nuts for larval develop-
ment. The walnuts were from the local market.
Their shells were carefully cracked, then the
nuts placed in vials in such a way that the shells
remained in place without leaving the meats
exposed. Certain nuts were used dry while oth-
ers, after cracking the shells, were immersed in
tap water for 3 hours for their inside to be so-
aked, then they were strained for 1 hour on
tissue paper and placed in the vials. Meats from
the same batch of walnuts were broken up by

hand so that 10 to 15 main pieces were derived
from each nut. Two walnuts or 25 g of meats
were placed in each vial, together with 16 ne-
onate larvae of the NOW. In half the vials bre-
wers’ yeast powder was dusted on the bottom
of the vial and on the surface of the nuts and the
meats to possibly help neonate larvae, by offer-
ing them an additional starter food. This was
carried out before we knew that straight yeast
powder was not a suitable food for larvae of this
species.

The neonate larvae emerged from eggs laid
by adults of the laboratory colony in late March
1986 at 21° and natural photoperiod. They were
incubated at 26.7° and L:D 14:10. The larvae
developed at 26.7° and L:D 16:8 for the first 18
days, then under the same temperature and a
L:D 8:16 photoperiod for another 35 days. The
vials were checked weekly. When the most
developed larvae approached full growth, a
strip of corrugated paper was added to each vial
to provide extra pupation sites. On the 53rd day
the entire nuts and the meats were searched
and all stages of the insect recorded.

It is seen in Table 6 that survival was maxi-
mal in the dry nuts, less in the broken up meats
and least in the water soaked nuts. The number
of fully grown larvae plus pupae was also the
least in the soaked nuts. The addition of brew-
ers’ yeast powder did not improve either the
survival or the rate of larval development.
Water soaking of the nuts did not improve the
rate of larval development either. Using a dif-
ferent method (filling nut shells with crushed
walnut meats and whole meats), a much higher
larval population density and continuous il-
lumination, Sparks (1964) had better larval and
pupal survival on entire walnut meats than on
crushed ones.

An interesting observation of this small ex-
periment is that while 50-81% of the individu-
als in the entire nuts had completed larval
growth and some had pupated, a small percen-
tage of larvae was still in the 4 - 6 mm size.
Sparks (1964) also had a wide variation in the
rate of development of NOW growing on entire
walnut meats inside the shells. Therefore, the
reasons of delayed development of certain lar-
vae on whole meats of walnuts and possibly
also of other nuts should be looked into. Is it
that inside the entire nuts certain larvae are
forced to feed less than the rest, or do some
smaller larvae exhibit some kind of dormancy?
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TABLE 6. Number of immature stages of A. transitella of the laboratory stock, recorded on the 53rd day of growth at 26.7"
and 16L:8D. Two entire walnuts or 25g of meats with 16 neonate larvae in a vial per treatment.

Larvae

Total Percent fully
Fully  7-10mm  4-6mm larvae grown larvae
Diet Pupae  grown long long and pupae plus pupae
Walnut meats* 2 5 - 0 11 64
Dry cracked walnuts 5 8 0 3 16 81
Water-soaked cracked walnuts 5 0 1 1 % 71
Walnut meats, dusted
with yeast 4 3 3 0 10 70
Dry cracked walnuts,
dusted with yeast 3 3 3 3 12 50
Water-soaked cracked walnuts
dusted with yeast 5 0 2 1 8 62

* Live adults of Tribolium sp. were also found among the

What happens inside intact uncracked walnuts
or almonds on the trees or fallen to the ground?
Further work to reveal the larval age structure
inside nuts throughout the year and the factors
that determine it is certainly justified.

Acknowledgment

This work was made possible through a research
grant to the senior author by the United States Educa-
tional Foundation in Greece. Many thanks are due to
Mr. E.F. Laird Jr. for advice on rearing the insect,
adjusting and repairing equipment, providing
supplies and recording pupation and adult emer-
gence during the latter part of the work. Thanks are
also due to Prof. G.P. Georghiou for inviting the
senior author and for insect diet ingredients, to Prof.
E.F. Legner for providing the moths of the labora-
tory stock, diet ingredients and literature, and to Dr.
I.P. Sanderson for help in adjusting equipment.

References

Beck, 5.D. 1968, Insect Photoperiodism. Academic Press,
New York and London, 288 pp.

Caltagirone, L.E., D.W. Meals and K.P. Shea. 1968. Al-
monds sticktights contribute to navel orangeworm in-
festations. Calif. Agric. 22(3): 2-3.

Ebeling, W. 1959, Subtropical Fruit Pests. Univ, Calif.
Div. Agric. Sci., Los Angeles, Calif,, 436 pp.

Engle, C.E. 1981. Contributions to the biology and man-
agement of navel orangeworm Amvelois transitella
(Walker) on almonds. Doct. dissert. Univ. Calif.,
Riverside, 130 pp.

Falcon, L.A. 1964. Factors affecting field populations of
the navel orangeworm, Paramyelois transitella
(Walker), on walnuts in northern California. Doct. dis-
sert., Univ. Calif., 135 pp.

Finney, G.L. and D. Brinkman. 1967. Rearing the navel

meats on day 53 in this treatment.

orangeworm in the laboratory. J. Econ. Entomol.
60:1109-1111.

Gal, A. 1978. Der Einfluss der Temperatur auf die
Fruchtbarkeit, Entwicklungs- und Uberlebensrate von
Paramyelois transitella (Lep., Pyralidae). Mitt. dtsch.
Ges. allg. angew. Ent. 1:265-269.

Glick, P.A. 1922. The survey of Myelois venipars Dyar in
Arizona. Arizona Comm. Agric. and Hortic. 14 Ann.
Rept. pp. 78-97.

Legner, E.F. 1983. Patterns of field diapause in the navel
orangeworm (Lepidoptera: Phycitidae) and three im-
ported parasites. Annls. Entomol. Soc. Amer.
76:503-506.

Michelbacher, A.E. 1958. The navel orangeworm on wal-
nuts. Proc. Calif. Fig Inst. 12:19-20.

Michelbacher, A.E. and C.5. Davis. 1961. The navel
orangeworm in northern California. J. Econ. Entomol.
54:559-562.

Rice, R.E. 1976. A comparison of monitoring techniques
for the navel orangeworm. J. Econ. Entomol. 69:25-28.

Rice, R.E. 1978. Navel orangeworm: a pest of pistachio
nuts in California. J. Econ. Entomol. 71:822-824.

Sanderson, J.P. 1986. Synthesis of a thermal summation
model for the development of the navel orangeworm
on almonds in California. Doct. dissert. Univ. Calif.,
Riverside, 146 pp.

Sparks, M.R. 1964. The effect of the nutritional substrate
on the development of the navel orangeworm,
Paramyelois transitella (Walker) under varying en-
vironmental conditions. Doct. dissert. Univ. Calif.
Berkeley. 58 pp.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Proce-
dures in Statistics. 2nd ed. New York, McGraw-Hill.

Summers, F.M. 1962. Insect and mite pests of almonds.
Calif. Agr. Expt. Sta. Ext. Serv. Circ. 513, 16 pp.

Tauber, M.J., C.A. Tauber and S. Masaki. 1986. Seasonal
Adaptations of Insects. Oxford Univ. Press, New York,
411 pp.

Tzanakakis, M.E. 1959. An ecological study of the Indian -
meal moth Plodia interpunctella (Hiibner) with em-
phasis on diapause. Hilgardia 29:205-246.,

Tzanakakis, M.E., M. Savopoulou --Soultani, C.S. Ous-
tapassidis, 5.C. Verras and H. Hatziemmanuel. 1988.
Induction of dormancy in Lobesia botrana by long day



40 ENTOMOLOGIA HELLENICA Vol. 6 (1988)

and high temperature conditions. Entomologia Hel- KEY WORDS: Amyelois transitella, Navel
lenica 6: 7-10. i

Wade, W.H. 1961. Biology of the navel orangeworm, DFal?geworgl’ Dlapausc, Insect qon.nancy , Rate
Paramyelois transitella (Walker), on almonds and wal-  © Insect evelopmem, [lumination effects,

nuts in northern California. Hilgardia 31:129-171. Humidity effects -

IMpovopgikn Avarntuin kar Eykapotnta Nopgwong oto Epyacstiipro tov
Amyelois transitella (Walker) (Lepidoptera: Phycitidae), oc¢ Opropéveg Tpooég
Kol og Avagopeg TovOnkeg Potoneprodov, Oeppokpacios, Agpiopod Kai
Yypaoiog

M. E. TZANAKAKHZX ka1 M. M. BARNES

Tuijua Evropoioyiag, Havemiotiuo Kaiipopviag,
Riverside, California

IMEPIAHYH

To Amyelois transitella, evd eival xvplog cunpo@dyo, anotekel kur cofapd exbpd TV
apuydaiov, kapudidv kat gotikidv otnv Kaligopvia kat opropéveg drieg meployesg g
Me. Atagepdler wg mpovipen du@opmwv NAKIOV GTOUC HOVHIOTOUREVOLS KupTolS Tou
pévouy ota dEvipa 1 mov Exovy mEcel oto £daoc. Tnv avoiln, ta evijlike moTokoly G&
HOVHLOTOIN HEVOUG KAPTOUE KAl 0pYOTEPU OE KAPTOUS TG VEUS ecodeiag OTAV TO HECOKAP-
mo tovg oyiletar kar apyiler va arokoAratar and to evdokapmio. Opiopévol EpeuvITEG
cupnepaivovy 6Tt To Eviopo dev mapovotaler Sianavon otnv Kalipopwia, evd arirot to
avtifero.

Me okond vo TpoKaAECOUNE SLATALGT), HEAETIOUUE TNV avATTUET TPOVLHPOV TOV EV-
tOpoL ot B1aQopeg pwToneprddoug, Beppokpacieg kat Tpo@Es. Avyd mov NTAV ETOLUA VA
ekkoAiapBoiv 1N veapég mpovipgpes, tonobetnOnkav oe dro@avi kKvivdpikd Soyeia mou
gixav g ™ péomn touvg tpopn. Metd v mAhnpn avantuén toug, 6oeg mpovipges Sev
vopeonkav péoa oe 14 nuépeg o 26,7°C kat potonepiodo (L:D) 16:8 mpdv Bempndnke 6t1
NnTav o diamavar.

‘Otav o1 TPoVOUQES EQayaV TEXVNTEG TPOPES TOL MEPLEiyav mitovpa artaplov, Luboliun
kot Prrapiveg, kat tov evioybinkav 1 6yt pe TAolo10 GE TPOTEIVI OTOPO SNUNTPLEKOV KAl
KpoKo avyov, Kapd anod g cuvhikes mov Somp.dcrtho:v dev npoxﬁlaoa diaravon oe
uE_,toi\.oyo TOGOCTO npowu(pmv elte NG £pyacm pu:ucng amolkiog eite Tov dyprov tAnbuo-
pou mov eiyope npoctpm:a ouvAAeEel and to vmaBpo. " Otav o1 mpovipess avantiyOnkay
tpodyovtag Eep yoya kapudidv, N avintuén tovg ftav Bpaddtepn kar n emPioon puk-
potepN amd OTL PE TEXVNTEG TpoPES. Me Kupudoyuya, OTav 10 auyd Tov EVIONOL ETMAC-
mxav og 32,2° ko L:D 0:24, ta ak6iovbo ToCc0GTA UVATTUYHEVOV TPOVULQMOV TG EPYUC-
mplakng anolkiag exdnimoav Sidravon, 6tav o1 npovOugeg avantixdnkay otig e&ng
ouvBnkeg: 409 oe 21° kau L:D 12:12, 17% o 21° xor L:D 0:24,19% oe 26,7°ka1 L:D 16:8.
Eniong, 22%, tov tpovupeav ditnavce 6tav avantiydnkay og 26,7° kar L:D 0:24 1i¢ npdteg
14 nuépeg ka1 otn ovvéyeta 21° ko L:D 8:16 tnv vworoinn mpovupgikt Lot). 'Otav kot ta
EuPpua ko ot mpovouges avantdyBnkav oe 21° ke L:D 0:24, 17, tov npovupeov ek-
dhiwoav dianavon. Ev tobtolg, o oxetikd pikpds aptfpos avantuypévoy Tpovuue®v 6Tig
OpGdEG OV £Qayav Kapudoyvya, deiyver 6Tt ypeldletal TepUITEP® EPELVE TTPLV ATOBELY TEL
N vrapEn SianavoTnc oTo EVIONO QUTO.

Kapptd mpovopen dev avantiybnke oe okétn koviomoinuévn Cubolipn. Zkéto
GoylaAevpo, N piypata tov pe LuBoloun oe avaroyieg 9:1 xar 7:3 enétpeyay TNV tapaymyn
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OVOTTUYLEVOV TPOVORLO®Y, VOUE®V Kol eviiik@v mov @aivovtav kavovike. H taybinta
avanTLENS TOV TPOVUREDOV oTa piypata coytadedpov: [uBoliung NMTay oNUAVTIKGE HiK-
pOTEPT ATO OTL OTNV TELVITH TPOQN avapopds.

o extpoen oe 26,7°, potonepiodog L:D 16:8 ftay € icov kain pe 14:10. Zvveyég
oKOTAdL £8moE oMpOVIIKG piKkpOHTEPN anddoon ot eviiliko Kot PpadiTepn TPOVUUPLKY
avamntoé.

Yynin oyetikn vypacio 6Tny eNQAVEL TNG TPOPNS, EXETPEYE LTEPPOlLIKT avamTuEn
LUKNTOV eTave Kal péca ota piypata coylahebpou: {ubolipng kal édmoe ToAd taybtepn
avantuEn TOV TPOVUUO®V.

Ot mpovipgeg avantdiydnkav kald o Eepn kapudoyuya kot péoa ot onacpuéva Eepd f
povokepéva kaphdia. Mésa ota Kapvdia, N ToyOLTNTE UVATTLENG TOV TPOVULGOV TTavV
avopolopopen. OpLopéveg TPOVOUPES TAV OKONE OYXETIKG HIKPES TNV 531 NUEPA aVATTTU-
Eng o€ 26,7°, ev o1 Theioteg elyav cupTANPOOEL TV BvVATTLER Toug 1 Elyav 16N vouewbel.
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