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Mass Producing Eggs of the Greater Wax Moth,
Galleria mellonella (L.)?

By N. Marston, B. Campbell, and P. E. Boldt, Biological Control of Insects Laboratory, North Central Region
Agricultural Research Service, I1.8. Depuriment of Agricuiinre, Colvmbia, Mo,

Summary

Technigues for mass rearing larvae of Galleria
mellonelle and for collecting epggs from female
moths are described and illustrated in this publi-
cation. It also gives cost estimates and presents a
semiautomated scheme for production of eggs of
Gallerig.

Conditions for minimum cost of egg production
are density of larvae in rearing pans—1,000
larvae/kg diet, density of moths in oviposition
cages-—898 to 1,345 pairs/m? of ovipesition sur-
face, and temperature for oviposition—30° C. Rel-
ative humidily had little effect on oviposition.
Aureomyein can be added to the diet for disease
control without adversely affecting egg produc-
tion. Selection can increase the percent of body
weight of females laid in egps, decrease the
number of days required for development, and
decrease female body weight. Mean days to eclo-
sion of eggs of Galleria vary from about 21.5 days
at 20° to about 6.8 days at 35°. An increase in rel-
ative humidity from 20 to 00 percent decreased
days to eclosion by about 1 day at all tempera-
tures. Ne larvae emerged at 40°. Eggs that were
1, 2, or 3 days old and held at 30° were egually
suitable for production of Trichogranima pre-
tioswm Riley.

Introduection

Eggs of Lepidoptera have been used exten-
sively for rearing Trichogranrma spp. and such
predators as Chrysopa spp. for biological control
programs. The Angoumois grain meth, Sifotroga
cerealelia {Olivier), has been chosen most often
for producing eggs because it is easy to rear, and
its diet of grain costs little. In this choice, egg

"Lepidoptera: Pyralidae.

size and quality have been given little attention.
Marston and Ertle?, however, demonstrated that
eggs of the cabbage looper, Trichoplusia ni
(Hibner} (13,872x266/g), produced more
Trichogrenvma minntuwm Riley than eggs of
Sitotroge (50,086=2,135/g). Also more of the
parasites were females, and the females had
greater fecundity, spent more time searching,
and searched faster. They concluded that a
Trichoplusia egg would provide females search-
ing about 2.6 times more area than a Sitotrogu
egg. However, eggs of 7. ui are expensive
($40.51/million, excluding iabor) so a search was
conducted for another species with eggs larger
than those of Sitobroga to be considered as a host
for rearing Tiichogramma or predators,

Preliminary studies showed that Galieria mel-
{onelle (L.) has several advantages as a source of
eggs for parasite production:

(1} Larvae can be reared on inexpensive artificial diet.

(2) No preovipesition period is present.

{3} Females require no food.

{4) Females have great fecundity.

{5} Most eggs are )zid in a short time,

(6) Eggs bave a tough chorion which resists breakage,

{7) Eggs are relatively large.

(8) The embryo requires a relatively long time to develop
so that the eggs may be suitable for parasite develop-
ment for several days.

Techniques were developed for mass producing
eggs of Galleria so that it can be considered as an
alternative to Sifotroga and other grain-infesting
moths as a source of eggs for rearing Tiicho-
granowa or predators. Tests were conducted at
the Bioclogical Control of Insects Laboratory,
Columbia, Mo., freom December 1970 through

January 1872.

2Manston, N. and ErTiE, L.R. HOST INFLUENCE ON
THE BONOMICS OF “TRICHOGRAMMA MINUTUM" Ann. Ent,
Soe. Amer. 66: 1156-1162. 1973,
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General Facilities

Two rooms, 3.05 by 2.44 by 2.55 m, were used
for larval rearing and oviposition, and a work
area, 3.05 by 4.57 m, outside the rooms was
necessary for producing eggs of Galleria at the
rate of about 1 million eggs per day. Each room
had lights, a power source, and equipment for
maintaining 655 percent relative humidity (RH)
and 30+2° C. For larval rearing, there were
three tiers of shelves, each 46 em deep and 38 ecm
apart, starting 38 em from the floor cn two sides of
the room. Water, power, a floor drain, and at
least 3.34 m? of bench space were needed in the
work area. A refrigerated area for storing diet
ingredients was also desirable.

For oviposition, boxes withk shelving to hoid
pans of larvae and pupae were required along
with the special oviposition cages containing
plates from which egg collection was made at
planned intervals.

Larval Rearing

Larvae can be reared in any sort of pan or jar.
It was most efficient to use 4.4-liter glass battery
jars containing 2.2 liters of artificial diet (fig. 1)
for the first 2 weeks of larval development be-
cause they required little space. Then, larvae
were transferred to round, galvanized iron pans
(11.5 liters) with more diet (fig. 2). Larvae re-
quired about 2 weeks to complete development,
at 30° C, after transfer to the larger pans. Larvae
constructed their cocoons in the diet arcund the

PN-3022
Figure 1.—Application of eggs of Galleria to diet in the 4.4-

liter glass battery jars used for the first 2 weeks of larval
development.

PN_3923
Figure 2.—Cocoons of Gatleria formed in diet in the gal-
vanized iron pans used for the last 2 weeks of larval
development.

edges of the pans. Larvae will construct their co-
coons in a erumpled newspaper placed on the
diet, but this may delay pupation of some larvae
in cocoons for several months.®

The following diet is tentutively recommended
for mass rearing Galleria: bran, 260 g; Wheast,?
65 g; wheat flour, 162 g; cornmeal, 162 g; glycer-
in, 193 g; and water, 158 g. Cost of the diet was
$0.1866 per kilogram (bulk prices, September
1971). Tests to define the optimum proportion of
each ingredient are in progress.

Liquid ingredients of the diet were mixed and
added to the bran. Remaining dry ingredients
that had been previously mixed were then added
to provide even distribution of the cornmeal,
flour, and Wheast over the bran. The diet may be
mixed in any large container or barrel, but a 56.6
liter capacity cement mixer (fig. 3) greatly re-
duced labor.

The number of larvae necessary to infest the
diet can vary widely without grossly affecting
egg production. A decrease in larval density re-
sults in an increase in size of adult females and in
higher egg production per female (app. 1). The
optimum is about 1,100 eggs/kg (= 37.6 mg). If 89
percent of the eggs hatch (app. 5) and 79 percent

CUMPARISON OF NINE
Ann. Ent.

IMarsTON, N., and CAMPBELL, B.
DIETS FOR REARING “GALLERIA MELLONELLA."

Sce. Amer. 66: 132-136. 1973.
‘Registered trademark of a whey-grown yeast product.
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of the first instars reach the cocoon stage, about
773 cocoons/kg would be produced. This is near
the number produced with an initial infestation of
1,000 partly grown larvae/kg in the larval density
experiment.

A daily production of nearly 984,000 eggs can
be maintained if 3.5 kg of diet is infested with
1,100 eggs/kg (See Cost Estimates) daily. Diet
was mixed and infested weekly for convenience
without causing large cyclic fluctuations in agg
production. About 0.5 kg of diet was placed in
each of seven battery jars for the first 2 weeks of
development. Each jar was infested with about
3,850 eggs (= 132 mg). After the 2-week initial
incubation period, larvae in the battery jars were
divided between two galvanized iron pans, each
with an additional 1.5 kg diet. Seven battery jars

PN-3824

Figure 3.—Mixing of diet for larvae of Gullerig in z cement
mixer with a 56.6-liter capacity.

and 14 pans were infested weekly, requiring 24.5
kg of diet.

Few pests were encountered in the tests. An
infestation of a larval parasite, Bracon hebetor
Say, was destructive at first. The parasite was
controlled by placing screens over the rearing
pans. The mold mite, Tyrophagus putrescentice
{(Schrank), built up in large numbers on the diet of
the wax moths and reduced the size and vigor of
the adults. This mite was controlled by careful
sanitation. Large populations of cockroaches
built up on spilled food and scales. The straw itch
mite, Pyemotes ventricosus (Newport), the most
destructive pest of Sitofroga, was accidentally in-
troduced into a container with Gallerie, but died
without reproducing. A few dead, black Gallevia
larvae, usually found in pans with high larval
density, contained bacteria tentatively identified
as Bucillug thuringiensis, var. galleriade Sveco-
va. Aureomycin can safely be added to the diet
for disease control, if needed (app. 7).

Adult Emergence and Oviposition

Larval development was almost completed
within 28 days. Then, pans with mature larvae
and pupae were transferred to emergence boxes
(fig. 4). The boxes were 121.9 em high by 101.6
cm wide by 71.1 em deep and had five shelves.
Other sizes may utilize space more efficiently in
an emergence room. The front of each box was
closed with a plywood door attached by hooks at
the sides. Cracks around the front of the box
were sealed with masking tape to prevent escape
of the moths. The nuniber of boxes required at a
given level of production depends upon the capac-
ity of the boxes and the length of time required
for moth emergence. Three boxes were necessary
because emergence was almost complete in 3
weeks,

Emergent moths exited from the box through a
plastic tube (2.54 em diam) inserted into a hole
near the upper end (fig. 5). A 25 W bulb on the
floor attracted the moths through the translucent
plastic tube into an oviposition cage. The sides
and bottom of the oviposition cages were con-
structed of 32-mesh Saran screen over a frame
76.2 em long by 61 cm high by 61 em deep (fig. 6).
Plywocod teps, 1.27 em by 45.7 em (fig. 7), had 10
slits. The slits were lined with 1.9 ¢m weather
stripping attached to the plywood with staples
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PN-3025
Figure 4.—Pans containing cocoons of Galleric arvanged in
an emergence box.

(fig. 8). Duplicate cages were required so one
could be cleaned while the other cape was in use.

Adults in these cages oviposited on plastic
sheeting (45.7 by 61 ¢m), which had been sprayed
with a fine mist of 10 percent sugar (sucrose) wa-
ter, and coated (both sides) with granulated
sugar (fig. 9). After the sugar dried, the plates
were inserted through the slits in the top of the
oviposition cage (fig. 10). Two bolts near the tops
of the sheets prevented them from falling
through the slits. Cages were alternated and
cleaned at 1- to 2-week intervals. Because some
moths in the first cage had not completed oviposi-
tion, half of a fresh set of plates were placed in

the first cage and half in the second cage for 3
days after the cages were changed. Most moths in
the first cage died in 7 to 10 days after the cages
were changed. The capges were placed on blocks
to permit circulation of air which inhibited mold-
ing of the dead moths. The oviposition room was
cleaned weekly when the pans in the emergence
boxes were changed. A small, portable vacuum
cleaner with disposable bags removed dead
moths from the emergence box and collected es-
caped moths from the walls.

Egg Collection

Plates were changed at 3-day intervals since 1-,
2-, and 3-day-old egps were equally suitable for
production of Trichogranmnia {(app. 10). The
plates were placed in a washtub that had a hose at

] £

I'N-3976

Figure 5.—Plastic tubes for passage of Galleria from
emergence boxes to an oviposition cage.
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PN-gu27
Figure 8,.—An uviposition cage for Galleria containing sugar-coated oviposition plates.

PN .3 BN gm2e
Figure 7.—Underside of the lid of an ovipositien cage for Figure 8.—Upperside of the id of an oviposition eage for
Gallerin showing the slits through which the oviposi- Golleria showing the weather stripping thal lines the slits

tion plates are inserted. through which the oviposition plates are inserted.
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PN_3980
Figure 9.—Application of granulated sugar to an oviposition
plate which had been sprayed with a mist of sugar water,

i

the bottom. Then, the sugar was dissclved in wa-
ter, and the eggs were dislodged with a sponge
{fig. 11). The water and eggs passed through the
hose to a 60-mesh sieve placed over a drain {fig.
12). Some scales were present along with the
eggs, so about 20 ml of a dry biodegradable de-
tergent was added to the water to induce the
scales to pass through the sieve. (The detergent
residues did not noticeably affect survival of
Trichogramma.)

The eggs were then suspended in water, and
poured onto a velvet cloth stapled to a wooden

PN-3931

Figure 10.—Insertion of an cviposition plate into an oviposi-
tion cage for Galleria.

PN-3012
Figure 11.—Removal of eggs of Gelferia from an oviposition
plate.
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PN-3923
Figure 12.-—Passage of water containing eggs of Galleric
through a sieve to concentrate the eggs.

frame (30.5 by 45.7 e¢m) {fig. 13). The cloth was
wet thoroughly before the eggs were poured onto
it so that the water would pass through. The eggs
were separated singly or in small groups by
brushing them across the individual fibers of the

PH-3334

Figure 13.——Distribution of eggs of Galleria over a velvel
covered drying frame.

pile of the velvet. The cloth dried in about 15 min
before a fan. The eggs were dislodged with a
stiff-bristled brush into a wood and fiberboard
trough (fig. 14) which funneled them into a wax-
coated paper cup. Three cloth frames will dry
about 1 million eggs.

Cost Estimates

Egg production from 24.5 kg/week infested at
the rate of 1,100 eggs/kg can be estimated as fol-

lows:

24.5 kg % 1,100 eggsikg = 26,950 eggs;

26,950 eggs = 89 percent hatch (app. 5} = 23,986 first in-
star larvae;

23 086 first instar larvae x 79 percent larval survival (app.
1) = 18,949 cocoons;

18,949 cocoons x 87 percent adult emergence from cocoons
{app. 1, average for all treatments) = 16,486 adults;

16,486 adults x 53 percent females (app. 1, average for all
treatments) = 8,738 female moths;

8,738 female moths x 27 mg eggs/female (app. 2, produc-

tion at optimum density) = 235,926 mg eggs; and,

235,926 mg eggs x 20.21 eggs/mg (app. 6) = 6,801,398

epgsiweek, or 984,485 eggs/day.

Survival of first instars would be lower than 79
percent since that figure estimated survival of
2-week-old larvae. However, lower larval surviv-
al would result in larger females which would
then lay more eggs. Thus, quantity of eggs pro-
duced would be little affected. The expected pro-
duction of eggs at optimum density (y) was ob-
tained from the formula: y = 35.38 - 0.15X, where
X = 56 females/445.74 em?® (app. 2).

The diet for rearing Galleria costs $0.1866/kg
{September 1971). The cost would be $4.57 to
produece about 6,900,000 eggs/week. About 4
hiweek (38 at $2/h) were required for mixing and
infesting the diet, changing pans, and cleaning
rooms and equipment.

Cost of collecting and drying the eggs depends
upon the density of female moths on the oviposi-
tion plates and the number of times per week the
eggs are collected. Number of females in the
oviposition cage would be five times the number
entering the cage daily if the females live an av-
erage of 5 days, for instance, 1,248 x 5 = 6,240
females. At the optimum density for egg collec-
tion (1,256 females/m?; app. 2) 4.9 m? of sugar-
coated surface area would be needed. About 1 h
($2) was required for collecting and drying the
eggs from 10 plates covered with 2.9 kg of sugar
on a total surface area of 5.6 m2 ($0.70; app. 2).



http:females/445.74

Total cost each time the eggs were collected
would be ($2.00 + 0.70) x 4.9/5.86 = $2.36.
Weekly cost would be $5.51 if the eggs were col-
lected every 3 days (app. 10}. Total weekly cost
would be $18.08 ($4.57 + 8.00 + 5.51) for
6,900,000 eggs or $2.62 per million eggs. Total
cost breakdown, excluding overhead would be:
diet—80.66; sugar—$0.21; and personnel—$1.75.

Appendix

1. Effect of Larval Density on the Bicuomics
of Galleria mellonella.—Five larval densities, 50,
75, 100, 125, and 150 larvae/100 g diet, were
evaluated to determine the best density for mass
rearing moths for egg production. The diet con-
sisted of 234 g bran, 351 g C8SM,5 65 g Wheast,

SRegistered trademark of produet containing cornmeal,
soybean flour, und dried milk,

TECHNICAL BULLETIN 1518, U.S. DEPT. OF AGRICULTURE

PN-3935
Figure 14.—Removal of dried eggs of Gelleria frem a drying frame to a wooden trough and then into 2 waxed paper cup,

175 g glycerin, and 175 g water/ kg, Larvae were
reared in battery jars for 2 weeks, then transfer-
red to 100 g diet in 1.1-liter polystyrene contain-
ers® and held in the dark at 30° = 1° C and 60 + 5
percent RH. Number and sex of emerging moths
were recorded and females were weighed daily.
Five females from each container were placed in
oviposition cages? to determine their feeundity.
Females tested for oviposition were those emerg-
ing 6 or more days after emergence of moths be-
gan, preventing bias from testing early emerging
moths, Excess diet was removed from 2 to 14
days after emergence began to stop development
of the mold mite. The mites had no apparent
gross deleterious effects on the parameters meas-
ured. The tests, replicated six times, were ter-

85ee veference in feotnote 3, p. 2.
See reference in footnote 2, p. 1.
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TABLE L.—Effect of larval density on the bionomies of Galieria mellonellia?!

Larvaef Beginning

Estimated epg

100 g Larval Adult Females of Bpan uf Mean Buody weight  Egg weighl Body weight poteatialiky

dist survival emergence emergence  UTCTERNCE  emergence ol females fermale laid in epgs diet 2
Feveen! Perernt Hervent Dt gy Thrgs Mudftgeanrs Melligrems Hereend (ivicms

50 ..... 87.20a 50.18a 5L.01a 17.20a 13.20a 23.19a 143.01a  48.57a 34.79 10.77a

T5..... 86.93ab  §3.81a 54.86a 18.00a 15.00a 24,043 130.56a  48.1la 37.29a 14.1%a

wo..... 79.20ab  88.11a 47.52a 19.40a 18.20a 25.27b 108.95b  40.80ab  35.71a 14.22a

125..... 66.12be  B7.33a 56.71a 22.00a 14.40a 28.13¢ 93.97be  36.84b 35.52a 12.3ba

i50..... 62.79¢ 87.90a 53.23a 21.40a 16.00a 28.3%¢ 86.29¢  33.29b 35.87a 13.75a

Standard

8rror 33.93 *3.06 33.83 3.36 .66 5.01 2.78 3,62 .21

*Means in the same column followed by the same letter are not significantly different at the 5-percent level.
2Total moths/100 g diet x 10 x percentage females % body weight of females x percentage of body weight laid in eges.

3From arcsin transformations.

minated 6 weeks after the diet was infested, al-
lowing 2 to 3 weeks for larval development and 3
to 4 weeks for adult emergence. Coccons were
counted when the tests were terminated to de-
termine percentage iarval survival, and dissected
to determine percentage emergence.

Increasing larval density decreased larval sur-
vival (table 1) [b \sample regression coefficient)
= -0.27 = 0.16% larva] and increased mean days
to emergence slightly (b = 0.06 = 0.03 days/
larva). The greatest effect was on female body
weight which decreased by (.59 = 0.16 mg/iarva.
Because the percentage body weight laid in eggs
was not significantly affected, egg weight de-
creased in proportion to body weight (b = -0.17 =
0.07 mg/larva). Total egg potential per kilogram
of diet was estimated by multiplying the total
moths per 100 g diet by 10 by percentage females
by mean body weight by mean percentage of body
weight laid in eggs. The last two figures were
necessary because the measure of actual egg pro-
duection was for five females from each container,
and their weight often varied greatly from the
mean for all females. These estimates did not
vary significantly between densities since the
greater number of moths produced at high den-
sities was smaller and therefore laid fewer eggs.
Within the limits tested, larval density was not a
eritical factor in egg production of Galleria. A
practical initial infestation was 1,000 2-week-old
larvae/ky diet,

2. Effect of Moth Density on Oviposition of
Galleria mellonella.—In the first of two experi-
ments, moths were placed in a 1.1-liter poly-

styrene oviposition eage with and without a
cardboard divider (374 em? surface area). The
sides and bottom of the cages were coated with
granular sugar. One set of cages had 445.7 cm?
covered with sugar and 547.8 cm? total surface
area. The set with dividers had 445.7 em? covered
with sugar and 921.8 em? total surface area.

Moths were collected from a mass production
emergence box by inserting the end of the plastie
tube into the cage through which the moths
emerged intc a container. The 0- to 1-day-old
moths were anaesthetized with CO2, females
were weighed, and then 30 males and 30 females
were placed in each oviposition cage. The con-
tainers were placed in darkness at 50° = 2° C and
70 = 10 percent RH for 3 days. Egps were
washed onto a cotton organdy screen, dried, and
weighed. Larvae for the mass production unit
were fed a diet containing 234 g bran, 351 g CSM,
65 g Wheast, 175 g glycerin, and 175 g water.
There were 10 replications for each treatment
tested in a compietely random sequence.

The percentage of total female body weight laid
in eggs was analyzed rather than total egg weight
because the groups of females varied greatly in
weight which is closely correlated to egg produe-
tion. Females in the containers with dividers laid
an average of 30.8 = 3.7 percent of their body
weight compared with 26.6 = 4.6 percent for
females in the containers without dividers. A
i-test of arcsin transformations of the percent-
ages indicated that the difference was nonsig-
nificant (0.10 < P < (,20), but the results are in-
conchisive because of the high standard error (1.6
arcsin units).
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The second experiment was similar to the first
except that number of pairs of moths in the con-
tainers was varied from 20 to 60 at intervals of 1.
Dividers were used in all containers because egg
production seemed to increase slightly when they
were included. The mean weight of eggs per
female was adjusted to be relative to the overall
mean female weight (107.2 mg). This removed
error because of the considerable differences in
weight between the groups of females. The re-
gression slope for the adjustment (b = 0.27 =
0.07 mg eggs/mg body weight) was taken from
another experiment with the same diet.

The regression formula for adjusted egg
weight per female on pairs of moths per container
was ¥ = 35.38 - 0.15X. Confidence interval for b
=-0.15 + 0.10. Cost per million eggs depended
upon (1) cost of sugar and labor in removing and
drying the eggs, which decreased linearly as den-
sity increased, and (2) cost of moths, which in-
creased linearly (within the limits tested) as den-
sity increased. Coating of the oviposition cages
required 23.11 * 0.53 g of sugar (= 518.46 =
11.88 g/m?; $0.1254/m? at $0.242 kg). About L h
was required te remcve the eggs and replace the
sugar on 10 plates, each with 5,575 em? of surface
area. At $2/h, cost would be $0.3583/m2. Cost per
container for supar and labor was $0.0216 (=
$0.4837/m2%). Assuming diet cost of $0.1866/kg
and labor of $0.3265/kg at $2/h (Cost Estimates
section) and moth production as in table 1 from
100 larvae/100 g diet, cost of moths would be
$0.0015/female.

Cost per million eggs (C) is given by the formu-
la:

c. N+
¥ X

Where, N = weight of 1 million eggs, 34,230 mg;
M = cost per female moth, $0.0015;
¥ = estimated milligrams eggs produced per female
moth at the density, x (35.38 - 0.15X);
S = cost of sugar and labor for egg removal per con-
tuiner, $0.0216; and
X = density of moths per 445.74 em?,

It is difficult to extrapolate to mass production
conditions in which moths would be continuously
entering the cages and dying. Accurate estimates
of effect of density would reguire estimates of
longevity of females in the cages. If the density in
mass production cages is assumed to be about five
times as great as the number of moths entering

TABLE 2.—Longevity and fecundity of females of
Galleria mellonella at b temperatures!

Longevity
al females

Tutal ey weight
paor female

Esps lnid

Temperature E
in 3 days

ercent
49,374
56.76a
77.06b
83.53b
93.32¢

Miltigrams
47.58b
50.17h
67.56¢
51.69b
14.8la

Duys
19.61e
14.08d

9.7de

5.33b

3.7%a
Standard

error 2314 25,32 214413

tMeans in the same column followed by the same letter are
not significantly diffevent at the 5-percent level,

2Computed from average numher of observations per
treatment,

3From square root transformations.

‘From aresin transformations.

daily (probably a realistic estimate because aver-
age longevity under dense conditions would be
lower than the figures given in table 2), the ex-
pected egg production would be about 20 percent
of the figures given in this experiment. For
example, under mass production conditions egg
production at 50 females/445.74 cm® would be 20
percent of the value obtained in this experiment
because egg production would depend upon the
number of females entering the cage daily, rather
than total number of females in the cage. Cost of
moths would also be 20 percent of the figure for a
given density. Cost of sugar and labor for egg col-
lection is based on the total number of moths in
the cages, but it would be 33 percent of the fig-
ures used in this experiment if eggs were col-
lected at 3-day intervals,

Given the above conditions, cost per million
eggs would decline from $3.44 at a density of 20
pairs/445.74 em? to $2.66 at a density of 56 pairs/
445.74 cm? (= 1,256 pairs/m?). There would be lit-
tle difference in cost between 40 pairs ($2.73) and
70 pairs ($2.70). A 4.9 m? sugared surface would
be required for egg production at minimum cost
with a weekly production of 8,738 females (Cost
Estimates). Actual egg production would be
somewhat greater than estimated because
females in mass production cages would be
ovipositing throughout their lifetimes rather
than for 3 days.

Optimum density should be recalculated if sig-
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nificant changes oceur in egg production per
femnale {either through changes in moth size or
percent body weight laid in eggs) or in cost of
fermnzle moths or coat of egg eollection {through
automation or price increases). Information is not
available on the effect of decreasing the propor-
tion of surface area exposed to moths which is
covered with sugar. Such decreases would
greatly reduce cost of production, especially in a
semiautomated system.

3. Effect of Temperature on Oviposition of
Galleria mellonella.~To determine the op-
timum temperature for produection of eggs of
Galleria, 0- to 24-hour-old female moths reared
from Beck’s diet® were weighed, confined indi-
vidually with a male in sugar-coated oviposition
cages,? and placed in incubalors at 20°, 25°, 30°,
35°, and 40° + 0.5° C. Humidity was held at 70 %
10 percent RH. Living moths were transferred to
new cages after 3 days. Eggs were removed,
air-dried, and weighed at this time and again
when the females died. There were 14 replica-
tions, but because of accidents, the number of
females tested at each temperature varied from
11 to 14. Female longevity (table 2) was trans-
formed to its square root before analysis, because
the variance was proportional to the mean, and
percentage of eggs laid in 3 days was transformed
to its arcsin. Differences between means were
tested by Kramer's!® modification for unequal
sample sizes of Duncan’s new multiple range test.

The optimum temperature tested for oviposi-
tion of Galleria was 30° C. At lower temperatures
metabolism apparently slowed fo such an extent
that the females did not achieve their full poten-
tial, while at higher temperatures, especially 40°
C, females died before reaching their potential.
Percentage of eggs laid in 8 days increased as
longevity decreased. Based on these results, the
3-day egg potential cited in the comparison of
diets reported by Marston and Campbell® was
sbout 75 percent of the true potential of the in-
seets.

8Beck, 8. D. GROWTH AND DEVELOPMENT QF THE
GREATER waX MoTH. Trans. Wis. Acad. Sci. Arts and Let.
49: 137-148. 1560.

?See reference in footnote 3, p. 2.

HWKRAMER, C. V. EXTENSION OF MULTIPLE RANGE TESTS
TO GROUP MEANS WITH UNEQUAL NUMBERS OF
REPLICATIONS. Biometrics 12: 307-310. 1956,

TasLE 3.—Oviposition of Gallerig mellonellu at 6
relative humiditiest

Relative Total egy weight Body weight Epgs laid
humidity per female Inid in eges in 3 days
Peveent Ml ypavepes Feveent ereent
20 47.96a 33.88a 85.53a
40 48.672 36.71a 8124
60 54.20a 38.82a 75.4ba
70 52.42a 40.102 78.151
80 55.9%a 40.84a 75.95a
90 59.22a 39.60a 65.79a
Standard error 24.88 21.83 233,12

! Mesans in the same column followed by the same letters are
not significantly different at the 5-percent level.

2Compuled from average number of observations per treat-
ment.

3n aresin units.

4. Effect of Relative Humidity on Oviposi-
tion of Galleria mellonella.—Female moths
were weighed and placed in cviposition cages as
in the previous experiments to determine the op-
timum relative humidity (RH) for egg produc-
tion. Cages were placed in incubators at 20, 40,
60, 70, 80, or 90 = 10 percent RH and 30° = 0.5° C.
Bggs were weighed after 3 days and again after 6
days when the tests were terminated. Moths
were reared from the CSM diet of Marston and
Campbell.’? Number of females tested varied
from 6 to 7.

There was no difference in total eggs laid at the
five humidities {table 3}, but the data were highly
variable. The percentage of body weight laid in
eggs was computed to remove variability from
differences in female weight which strongly af-
fects fecundity.l! Again, analysis of variance
demonstrated no difference because of humidity,
but there was a significant regression. Percent-
age of body weight laid in eggs increased by 0.9
+ 0.6 percent for each 10 percent increase in rela-
tive humidity. If humidity did affect fecundity,
the effect was so small that expensive humidity
control devices would be merited only in large-
seale operations. Differences in percentage of
total eggs laid in 3 days were nonsignificant by
analysis of variance, but there was a significant
regression, the percentages decreasing by 0.22
+(1.14 percent for each 10 percent increase in rel-

See reference in footnote 3, p. 2.
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ative humidity. This suggests that the equivocal
depressing effect of low humidity on fecundity in-
creased with time of exposure.

5. Viahility of Eggs of Galleria
mellonella.—Eighteen samples of about 50 eggs
were taken from a mass production unit to test
fertility of the eggs. The eggs were placed indi-
vidually in cells and held at 23° = 5° C and 51 = 3
percent RH. Percentage fertility was recorded
after larval emergence was complete. Fertility
varied from 78.6 to 96.3 percent except for one
group ‘with 10.7 percent. A X2 test showed that
the 17 larger values did not vary significantly
from their overall mean, 88.7 = 2 percent (0.25 <
P < 0.50). There is no ready explanation for the
low percentage hatch from the one sample.

6. Weight and Volume of Eggs of Gallerin
mellonella,—The weights of 28 lots of 100 eggs
wetre recorded to the nearest microgram to estab-
lish a confidence interval for number of eggs per
gram. Eggs were laid by females reared on
Balazs!? diet. There were 29,214 + 626 eggs/g or
34.23 + 0.73 g/million eggs. There were 50,093 =
2,135 eggs of Sitotroga/g or 19.96 = 0.85 g/million
eggs. Twenty l-milliliter samples of Galleria
eggs were weighed fo the nearest microgram to
establish a weight to volume ratio; 1 ml = 502 =
19 mg.

7. Effect of Aurgomycin in a Diet for Gal-
leria mellonella.—A small number of larvae of
Galleria regularly succumbed to an infection of
Bacilins thuringiensis, var. galleriae, in dense
populations. The disease did not become epidemic
in the tests, but an experiment, with 10 replica-
tions, was initiated to determine the effect of Au-
reomyecin (56.5% chlortetracyeline hydrochloride)
on the bionomics of Galleria, if it sheuld be
needed for disease control. Aureomycin was cho-
sen because it was readily avalable as a con-
stituent of the szar diet for rearing 7", ni at this
laboratory. Other antibiotics may prove superior
for disease control. Techniques for testing the
diets were described by Marston and Campbell, 13
The diets consisted of 25.9 g CSM, 17.3 ¢
CSMA!, 10.0 g Wheast, 20.5 g honey, 181 g

2BALAZS, A. NUTRITIONAL AND NERVOUS FACTORS iN
THE ADAPTATION OF "GALLERIA MELLONELLA” TO ARTIFI-
ClAL DIET. Acta Biol. Acad. Sel. Hung. 9 47-69. 1958.

133ea reference in footnote 3, p. 2.
HHousefly medium,

glycerol and 8.2 g watei 4 ¥ith or without .25 g
Aureomyecin. Fifty first instar larvae were placed
on 100 g of each diet and held in continual dark-
ness.

The greatest effect noted was a decrease in
survival of first instar larvae to the cocoon stage
on the diet with Aureomycin as opposed to the
check (28.6 as to 51%, respectively). Differences
in days to beginning of emergence (36.7 as to
34.3) were nonsignificant, as were differences in
mean days to emergence (40.3 as to 39.8), span of
emergence (10.6 days as to 18.0 days), percent
emergence from cocoons (89.4 as to 96.1%), per-
cent females (50.7 as to 47.3%), female weight
(141.6 as to 145.9 mg), and weight of eggs laid per
female (57.4 as to 58.2 mg). However, inexplica-
bly the percent of female body weight laid in eggs
was significuntly greater for the diet with Au-
reomycin, although the difference was small (41.4
as compared with 39%).

Because none of the parameters critical to egg
production were adversely affected, Aureomyein
can be added safely to the diet for protection from
disease. The difference in percentage survival is
of little importance since less than 0.5 percent of
the egpg production would be required for produe-
tion of a succeeding generation. Number of eggs
used to infest the diet should be increased by
about 78 percent to compensate for the decrease
in larval survival if Aureomy-in is in the diet.

8. Effect of Selection on Fecundity of Gal-
leria mellonella. —A test was initiated to deter-
mine if a strain of moths could be established
which would move efficiently convert diet into
eges. Because weight of eggs depends on female
weight ' gelection for egg weight would lead to
selection of large females whieh need not be more
efficient in utilizing diet. Consequently, selection
was made for high percent of body weight laid in
eggs (PBW). The best five of 67 females were
selected as the parents for the Fi. They came
from another experiment, one that tested the ef-
fect of dried milk in the diet. The diet consisted of
254 g CSM, 170 g CSMA, 77 g Wheast, 194 g hon-
ey, 171 g glycerol, 5G g dried milk, and 77 g
water/kg.

Fifty first instars were placed on 100 g diet for
the F1 and F2 generations; for the ¥3 generation
the number of larvae was increased to 75 since
larval survival decreased greatly during the pre-
ceding generation. The containers were held in
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continual darkness at 30° £ 1° C and 60 = 5 percent
RH during larval and pupal development. All
emerging females were placed in individual
ovipesition cages.1® Egg production was recorded
after 3 days.

The five females with the best PBW were
selected as parents for the succeeding genera-
tion. Even though nec attempt was made to regu-
late mating, most females would have mated to
siblings since they mate soon after emergence.
When males were not present in the same con-
tainer, they were transferred from another con-
tainer. The test was terminated at the end of the
F3 generation when other work with Galleria
was completed.

The increases in the PBW in the F'1 and F2 gen-
erations (table 4} were highly significant
(P<0.001) as was the decrease in the F3 genera-
tien. Larval survival to the cocoon stage de-
creased from 42.0 = 4.9 percent in the Fa and
39.6 = 6.1 percent in the F'1 to 17.6 = 4,7 percent
in the Fa. Most female moths emerged alone in
the F'2 because of the decrease in larval survival.
Because there were often no males from other
containers to place with them, they were mated
with males from the mass production unit, This
may have negated the effect of the selection re-
gime, resulting in the increase in the PBW in the
F3, Bixty of the 110 moths in the Fz emerged from
a container which had heen infested with egps
from a female mated to a nonselected male.

The PBW was dependent in the Fo upon days to
emergence (b = -0.35 = 0.23%/day) and female
weight (b = -0.11 = 0.5%/mg). Consequently,
these parameters were also affected by selection
for high PBW. Differences in female weight be-
tween the Fo and F1 and the F'2 and F's generations
were highly significant (P < 0.005}, but the dif-
ference between the F1 and F2 was nonsignificant
(0.20 < P < 0.40). The decreases in days to
emergence in the F, and in the F2 were highly
significant (P< 0.001), but the decrease in the Fa
was nonsignificant (0.40 < P < 0.50). Short de-
velopmental time is desirable in that less space
would be required for housing larvae and less
time would be required te make changes in level
of production. Small female size would be desira-
bie if the larvae require less food to complete de-

158ee reference in footnote 3, p. 2.

TaBLe 4.—Effeet of selection for maximum
percentage of body weight laid in eggs on the
bionomics of Galleria nmellonella

Muan days to Weight of Egsr weight/ Body weight

Generution' emergence femala female laid in eggs
Mittriprines Mdfgroins Fercent

Fo 41.1 140.7 5.8 34.4
Py 30.8 135.8 61.6 4b.3
Fy 317 136.3 05.6 39.9
Pa 32.4 136.6 64.4 47.2
Fa 29.3 130.5 62.8 46.0
Pa 30.2 128.6 52.8 48.8
Fa 29.0 1484 56.1 36.5

"The Fu was the population from which the original parents
were selected; P1, P2, and Pa were the best 5 females from the
preceding filial generation and were the parents of the succeed-
ing generation.

velopment, and if there is less effect of moth den-
sity on oviposition of small females.

Selectionn obviously can affeet changes in the
PBW, but the extent to which the PBW can be
increased and the stability of the changes are still
in doubt. Because inbreeding may lead to de-
creases In larval survival, it may be desirable in
future studies to rear the larvae singly in 1-ounce
plastic cups or to isolate the cocoons before
emergence to prevent females from mating with
siblings before they are weighed and placed in
oviposition cages. Several strains may be estab-
lished so that males from one strain can be placed
with females from a second strain, This would
allow rapid selection, but would reduce the ex-
tent of inbreeding. Males may be refrigerated to
insure that they are available when needed. They
were held near 5° C for several days without ap-
parent detriment.

9. Effect of Temperature and Humidity on
Percent Survival and Rate of Deveiopment of
Eggs of Galleria mellonella.—One of the advan-
tages of eggs of Galleria as a rearing host for
Trichogramma is the relatively long period of
development which would allow their use in para-
gite eolonies for several days. To assess this ad-
vantage, tests were made on the effect of tem-
perature and humidity on survival and develop-
ment by observing eggs at five temperatures, 20°,
26° 30°, 35° and 40° = 0.5° C, and five relative
humidities, 20, 40, 60, 80, and 90 = 3 percent, in a
factorial design. Fifty eggs were scattered on
1.90 by 2.54 ¢m PRES-a-ply adhesive labels and
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TABLE 5.—Percent survival of eggs of Galieria
ntellonella at 4 temperatures and 5 humidities?

Survival 1t Lemperatue (C)

Relative
humidity 2 25 30 £ Mean
{Jttrent)
Percent Percemt Pereent Prereent Pereeut
20 i} 85 i) 72 74.8
40 73 6% 88 86 9.2
50 83 81 81 87 8.5
80 92 23 93 90 91.¢
a0 g3 91 91 26 90,3
Mean 3.6 78.0 89.6 4.2

1Standard ervor = gbout 5 percent; LSD = about 14.7 percent.

held in 1.1-liter polystyrene containers. Relative
humidities were maintained by varying the
specific gravity of glycerin-water solutions.?®
Number of eggs with eclosion holes were noted at
12-hour intervals from the beginning of eclosion
until all eggs had hatched or ccellapsed. There
‘were two replications. Data for individual eggs
were analyzed to detect differences in develop-
ment time while differences in percentage emerg-
ing were tested by analysis of variance of arcsin
transformations of the percentage for each repli-
cation,

No eggs hatched at 40° C at any humidity.
Analysis of variance of the percentage emerging
for the remaining temperatures {table 5} detected
no significant interaction, nor a difference be-
cause of temperature, but showed that differ-
ences because of humidity were highly signifi-
cant. For all temperatures, percent survival in-
creased by 2.4 = 1.1 percent for each 10 percent
increase in humidity. Such small differences
would have little effect in a rearing program. De-
velopment time (fable 8) varied greatly because
of temperature and to a lesser extent because of
humidity, but there was no interaction.

10. Effect of Age of Eggs of Galleria mel-
{onella on Parasitism by Trichogramma pre-
tipsum Riley.—Labor required for collecting
eggs of Galleria can be reduced if the eggs are
collected only every 2 or 3 days. Therefore, eggs
0-1, 1-2, and 2-3 days old ¢held 2t30° £ 3° C and

BRRAUN,J. V. anp Bravn, J. D, ASIMPLIFIED METHOD OF
PREFARING SOLUTIONS OF GLYCERCL AND WATER FOR HUMIDITY
coxtrot,. Corresion 14; 17-18. 1958,

65 = 5% RH) were tested to see if they differed in
suitability as hosts for Trichogramma prefiosum
Riley. Eggs of each age were scattered on lids of
separate 90 mm polystyrene petri dishes coated
with a fine mist of water. After drying, about 10
7. pretiosum females were introduced into the
dishes and eggs were marked with a grease pencil
when parasitized. After about 50 eggs of each age
were parasitized, the eggs were removed, placed
singly in No. 1 gelatin capsules, and held at 23° +
0.6° C and 51 * 3 percent RH. Number of male
and female parasites from each egg was recorded
after emergence of the F1. There were six repli-
cations. The strain of parasites used originated
from parasitized eggs of the tebacco budworm,
Hetliothis vivescens (P'.), collected on cotton at
Brownsville, Tex. It was maintained on eggs of
the Angoumocis grain moth, Sitofroge cerealelln
(Olivier), until a colony was established on eggs
of Galleria several generations before the tests
were begun.

Differences in percentage of eggs producing
parasites (table 7) were nonsignificant in an
analysis of variance test, but regression analysis
indicated a significant increase with increasing
host age (b = 6.6 = 1.7%/day; P <0.001). Differ-
ences in percentage of female parasites were non-
significant. Younger eggs produced significantly
more parasites per egg than older eggs (P <
0.005). Number of parasites per host egg com-
pensated for differences in percentage of eggs
producing parasites, so differences in total
female parasites per parasitized host egg were
nonsignifieant. Thus, eggs can be collected at
3-day intervals without loss of quality for produe-
tion of Trichogramma pretiosim.

TABLE 6.—Duration of the egg stage of Galleria
mellonellu at 4 temperatures and 5 humidities?

Temperature °C)

ftolative

haenidity 20 25 ] 35 Mean

fagy Thrgs Thivys g Dy Duys
20 22.9 10.9 7.8 6.8 12.1
40 22.1 10.8 7.6 8.7 11.8
60 21.3 il.4 73 6.3 11.6
20 21.0 10.4 8.7 8.0 11.0
90 20.4 16.0 6.7 5.8 0.7

Mean 2t.5 18.7 7.2 6.3

IStandard error = 0.1 days; LSD = 0.2 days.
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TABLE 7.—Suitability of 0-1-, 1-2-, and 2-3-day-old
eggs of Gallervia mellonella for production of
Trichogremma pretiosum?

Host egys Female parasites

producing Parusites Femule per parasitized

Ape of eggs parasites jrer e parasites egE
i Feicent Fercemt

-1 78.32a 1.50a 63.27a (L6Ta
1-2 76.53a 1.3k 57.77a .62z
23 83.52a 1.28e 60.06a -Gda

Standard
errar 22.55 03 21.92 REY

IMeans in the same eoiumn followed by the same letter are not
significantly different at the 5-percent level,
2From arcsin transformations.

11. Hypothetical Scheme for Semiautomatic
Production of Eggs of Galleria mellonella.—
The proposed unit has four components (fig. 15):
An adult emergence chamber (AEC), a mating
oviposition cage (MOC}, an egg removal and col-
lection device (ERD), and a belt-coating device
(BCD). The unit could be operated continuously
in the absence of rearing pests.

Trays with cocoons would be left in the AEC
for 4 weeks {until adult emergence is almost com-

Light

Muylticombed
i Source

Fortition

plete). Thus, one-fourth of the unit’s capacity
would be added weekly when a set of spent co-
coons was discarded. The unit would not be used
for rearing because emerging moths wonld
oviposit in fresh diet, causing too great a larval
density for optimum egg production.

Emerging adults would be attracted from AEC
to a light source placed over the plexiglas top of
the MOC. Adults would pass through a mul-
ticombed partition permitting free entry into the
MOC but preventing return to the AEC. Females
would deposit eggs on a belt covered with granu-
Iated sugar. Dead adults would collect in 2 re-
movable tray at the bottom of the MOC. Eggs
would be rinsed from the surface of the belt when
it passed through water in the ERD. Eggs would
be concentrated either through skimming or
sedimentation, depending upon the specific grav-
ity of the sugar solution. The wet belt would then
pass through granulated sugar in the BCD. The
sugar would be dried by a heating coil.

The belt could be geared to move through the
MOC and ERD in 72-hour intervals if the eggs
were for production of Tirichogrammea. It could
be economically desirable to collect eggs at a
younger age if they were used for other purposes,
or if a device for recovering the dissolved sugar
were aftached to the unit.
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Figure 15.—Hypothetical scheme for semiautomatic production of eggs of Galleria.
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