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ABSTRACT. The life cycle stages of the greater wax moth, Galleria mellonella (L.)
[Lepidoptera: Pyralidae], was studied on beeswax comb under ambient laboratory conditions of
27-29"C and 88-91 % RH. Females had an average oviposition period of5.8 days and fecundity
of220.4 eggs, more than 50% of which were laid within the first 2 days. The mean duration of
each developmental stage was: egg, 9.5 days; 1st instar, 4.3 days; 2nd ins tar, 3.9 days; 3rd instal',
2.9 days; 4th instal', 2.7 days; 5th instal', 2.8 days; 6th instar, 3.4 days; 7th instar, 2.7 days; and
pupa 25.4 days. The average growth rate for the larvae was 1.49. The total life cycle period
averaged 57.6 days with a range from 46-69 days. The sex-ratio was 1:4 in favour of females.
The average post-oviposition period was 3.1 days and longevity of adult was 10.6 days for
mated females and 11.1 days for mated males. Average adult male wingspan was 27.35mm and
that of the female was 34.81 mm.

INTRODUCTION
Apiculture is the rearing of honey bees

(Apis mellifera L.) in artificial beehives
primarily for honey, beeswax, and other
products like propolis and bee venom. It also
includes raising of bee swarms for colonising
new hives and pollination offield crops to the
benefit of mankind. In fruit crop production.
bees play important role in pollination as a
consequence of which there is good fruit
formation and seed set. Compared to crop
production, bee keeping is a more profitable
venture in terms of returns on investment and
in recent times it has attracted diffesent
categories of male and female, small and big
investors.

In south-western Nigeria, beekeeping is
being threatened by a number of pest
problems such as lizards, toads, and insect
pests, especially termites. ants. beetles, and
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moths which feed voraciously on stored
pollen, honey, and combs causing great loss to
beekeepers. According to Charriere and
Imdorf (1997), the greater wax moth, Galleria
mellonella (L.), the lesser wax moth, Achroia
grisella (F.). the fruit (pollen) moth, Vitula
edmansae (P.), and Mediterranean flour moth,
Anagastra kuehniella (Z.) are regarded as
pests of bee products. Williams (1978)
estimated the annual loss to beekeeping
industry as a result of wax moth attack in the
U.S.A. at $500,000. Apart from the damage
caused by larvae feeding on combs (including
those kept in storage), cell brood, and pollen in
bee hives. larval feeding on honey results in
premature migration of bee colonies.
According to Haewoon et al . (1995), each
larva of G. mellonella damages an average of
100 cells of beeswax comb which demand a lot
of calories from bees to rebuild.

Varying numbers of eggs per female G.
inellonella have been reported ranging from
2:5()-12RJ in Lahj region, Yemen (khanbash
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and Oshan, 1997): 300-1000 in Licbefed
(Charriere and Imdorf, 1(97): and 789-1856
in Karnataka. India (Shyl esh a and
Rajgopal. 1996). Egg incubation period
varied with temperature: 5-11 days at 29-
30uC (Khanbash and Oshan. 1997): and 5-8
days at 24-27"C (Shimanuki, 1981). U
mellonella was reported to undergo seven
larval instars during feeding (Haewoon et al..
1995: Lyon, 1991: Shylesha. and Rajgopal.
1996). Duration in pupal stage has been
reported to be between 9 and 34 days in
Yemen (Khanbash and Oshan. 1997) but in
Korea it was shorter (7 -10 days) [Haewoon et
al.. 1995]. The total duration of life cycle of
G. tnellonella was given as 42-49 days in
Ohio (Lyon, 1991) while in India, Shylcsha
and Rajgopal (1996) reported an average of
64.6 days.

In Nigeria, production of honey and
beeswax for economic gain and poverty
alleviation is increasing. However. 3 number
of beekeepers have lost their bee colonies due
to attack by G. mellonella. There is a need to
holistically design sustainable measures to
prevent and control the attack of U
mellonella on bee hives. Literature search
reveals a paucity of publication on the life
cycle of G. mellonella as a premise for
designing control measures. This paper
reports the study of the life cycle of U
inellonella on beeswax under laboratory
conditions.

MATERIALS AND METHODS

Site of Experiment
The experiment was conducted in a 120 x

65 em screen cage. covered with perforated
black cloth to simulate the dark condition in
the hives. under ambient conditions (27-29"C
and 88-91% RIO of the Entomology
Research Laboratory. Department of Crop
Protection and Environmental Biology.
University oflbadan.

Laboratory Culture of G. mellonella
The initial culture of U tnellonella was

raised from the larvae collected from the
beehives managed by the Department of Crop
Protection and Environmental Biology. Fresh
cultures were raised by introducing newly
emerged male and female adults into beeswax
combs in Kilner jars (0.75 Land 1.5 L
capacity) covered with wire mesh-lined screw
lids. The combs used were obtained from the
hives and were sterilized by freezing for 48-
72 h to kill any bees and other insects that may
have infested them in the apiary.

Life cycle Study
Sixty pupae raised in culture were picked

and kept separately in five Kilner jars where
they were observed every 24 h for adult
emergence. Ten replicates of newly emerged
male and female moths were paired in Kilner
jars containing 5 em x 5 cm combs as substrate
for oviposition. Duration of pre-oviposition
was recorded. When oviposition commenced.
the pieces of beeswax combs were removed
daily and replaced and the oviposition and
post-oviposition (from the last day of egg
laying to death of female) durations were
recorded.

The combs removed were dissected under a
stereomicroscope (x 10) into cells and the eggs
were carefully separated with a camel hair
brush, counted, and measured (length and
width). To determine incubation period ofG
mellonella eggs, five replicates of l-day old
cohorts of93-669 eggs were observed daily ill
Kilner jars containing dissected beeswax
combs for easy detection of newly hatched
larvae. The duration from the first to the las:
larval eclosion fr0111 a cohort of eggs wa-
taken as the incubation period. The larvae
obtained daily' were separated into Kilner jar-
and used to raise more cultures.

Larval development and morphometric,
were studied using a cohort of four hundred 1-
day old larvae kept in Kilner jar and supplie.;
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with beeswax combs. Ten larvae from the
cohort were taken and preserved in 70%
ethanol in corked specimen bottles at 24 h
intervals. The larvae were subsequently taken
out for measurement of the headcapsule
width (at the vertex), body length (from the
tip of head to tip of the abdomen), and body
width (at the prothorax). Young larvae were
measured under a stereomicroscope fitted
with an eyepiece micrometer (x10) while
mature larvae were measured with a plastic
metric ruler.

The histograms of the headcapsule
widths were plotted and separated into groups
using highest point of each group to
determine the number of larval instars in the
ontogeny of G. mellonella. The groupings
were then subjected to analysis of variance
and their means separated using Student
Newman keuls test (SNK). Furthermore, the
grouping was tested for conformity with
Dyar's rule (Dyar, 1890) by comparing the
observed and calculated average headcapsule
widths of each instar using the Student's t test.
The calculated average headcapsule width of
an instar was obtained as the product of the
mean headcapsule width or the succeeding
instar and its mean growth ratio. The growth
ratio was calculated as the quotient or the
observed mean headcapsule width of the
succeeding instar and the observed mean
headcapsule width of the previous instar.

Pupal duration was recorded following
daily observation of five replicates of 20
seventh-instar larvae which had started to
spin cocoon for adult emergence. Emerged
adults were separated by sex and 30 males
and 30 femal c s were se lected for
measurement of body length. width, and wing
span using plastic metric ruler.

RESULTS
Fig. 1 shows the life cycle stages of G.

mellonella. Female moths began to oviposit a
day after emergence and oviposition lasted 5-
6 days with an average of 5.8 days. The

•

Table I. Reproductive parameters, and longevity of
G. mellonella rea red on beeswax co 111 bs.

Duration
'Days = SE)

Range

f-ecundity
O\'iPO::>I\(l11 (J,\ys)
Postovtpositon (days)
Incubation (days}

22(),·I(J.L3:; In
),g j t', 43
3.1 :-::\I 87

9.5 = 2.1-'

jg:\3 2555
:537 ()23
2.23 - 3.97
7.36 -lL6

L(II1,!~C\'itvp..lated female! 10.td I )6

l.onccvuy t1\'Iated male] II, I :L 1.20
9.(1-4 - 1216
9.'J 12,3

average number of eggs laid per female was
220A with a range from 185.3 to 255.5 (Table
1). The eggs (Fig. 1a) were laid in batches of
5-80 concealed within the walls of two comb
cells. About 38% of the eggs was laid on the
first day of oviposition and within the 2 days
over 50% of the total number of eggs had been
laid. Oviposition decreased gradually until
cessation at day 7 (Fig. 2). The mean
postoviposition duration was 3.1 days with a
range from 2.23 to 3.97 days. The eggs were
spherical. creamy, and glistering when firsr
laid but became hardened and tanned towards
larval eclosion. They were OA7± 0.05 mm
long and 0.36 ± 0.06 mm wide. The mean
incubation period was 9.5 days with a range
from 7.36-11.64 days.

At cclosion, larvae were cylindrical and
white and the headcapsule and anal disc were
not distinguished in colour from the other
parts of the body. The abdominal regions
tapered towards the last segment. With age,
larval colour changed to cream and then grey
in the mature larvae: the head, prothorax and
anal disc changed to cream, light and then dark
brown. Larvae made silk webs in the beeswax
while feeding.

Based on frequency distribution of the
headcapsule width, seven larval instars of G.
mellonella were identified (Fig. 3). Table 2
shows the headcapsulc widths of the various
larval instars. The observed values when
compared with the calculated values showed
conformity to Dyar's rule. Table 3 shows the
differences in body morphometries and
developmental duration of the various stages
of G. tnellonella. The growth rate in the
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Fig. 1 Growth stages of G. mellonella on beeswax,
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instars varied between 1.36 and 1.66 with a
mean of 1.49 for the species. The mean
durations of the larval instars were: 1st instar,
,1 "d .. ) d . -. 9' ..,rd· .• ) 9' 4 1"t . .) ays. ~n mstar, _1. ,.) mst31,~. , t 1

instar, 2.7: 5th instar, 2.8: 6th instar. 3.4: and
7th instar, 2.7 days. The total larval
developmental period was 23 days. The

Table 2. Headcapsule width for lanai instal'S and t-test for
conformity tn Dyar's Rule.

Inst ur Ubse rvcd (;,"owth rutiu' Catrulated Difference
an-rage (mill) average' (mm)

I" 0.15 0.60 0.17 ·0.02

2~ (l.2S 0.69 0.24 0.01

3"' 0.36 0.63 0.38 ·0.02

4th 0.57 0.68 0.56 0.01

5" 0.84 0.70 0.80 0.04

6" 1.10 0.74 1.09 0.11

7" 1.63

"Ciruwth ratio co observed mean hcadcapsulc width (mill) or a
larval instar divided by the observ cd mean hcadcapsule (nun)
of the succeeding larval instar.
"Calculated mean = observed mean hcadcapsule (111m) of a
succeeding larval instar multipl icd by the mea ofgrowth ration
'Differences not significant at t 0.05

Table 3. Developmental durations and body
morphometries of G. mellonella on beeswax
combs under laboratory conditions.

Lif(' Sample Iilld)-ICII)!th B,"hlli!lIh Ih':IlIt:;IJI- t;r",,111 Duration ef \'in:.:
~Iag\'~ ~iLt' C\±SE) lX±S[) ~uk \\jrhh ~Ial!\'~llJa,·§1 ~pa"

tnl (111m) tmmt t X±SF.I :'\I";m nan~r (mill)

EIll: ]0 O.47~O.OS ()Jti~.06 » s 7.35-11.""
(0.42··0.52.1 (IUO-04:!)

Larva 70 1.16 ± 0.14 0.21 ; 0.02 UI5±O'<11 .u 4 ,
J" Insur (1.o:! - 1.30) (0.19 0.23) (0.14 - 0.161

~'" Instar 2S 1.99± 0.60 0.31 ±0.07 0.25=0.06 1.66 3.':j 3-4
(1.39·-2.59) (O.2-t-O.3f1) (O.1<}-U.3]J

3 -.l J n~;tar 17 3.82.i 1.06 0.46 ~; 0.10 0.361.0.10 ('44 2.9 2-·3
(2.76 -4.88) (0,36· 0.56) (0.26·· 0.46)

·17Irt-tar " 5.45 J 0.81 0.71 ± 0.08 0.57iO.ll 1.58 2.7 2·· 3
(4.68· 6.20) (0.60·0.79) (0.46 0.6')

S··lnsiar 25 7.73 ± 1.73 I.(}..l.:t 0.25 0.84±0.21 1.<l7 2.8 2-3
(6.0-9.46) (0.79-1.29) (0.63- 1.05)

6""nstar J2 12.27-:: 3.19 1.55+ 0.38 1.20! O.IQ 1.43 3.4 3-4
(9.0R .~ (1.17··1.93) ('-O( -1.l9)

7'·'!nslor 32 1&.36:d.44 2.25 ±0.3) 1.63± 0.20 1.36 2.7 2-3
(14.92- (1.94-2.56, ('-43- '-83)
21.8)

PUpil 10 12.79.!. o.s» 3.40.'.0.18 25.4 21-32
(11.9 (3.22 3.58)
13.ti8)

Adult

\hlc )0 12.22± 0.39 2.87 ~ 0.10 11.1 9.9 27.35"t
(lI.SJ (2'J7 2.97) 12J 1J7
l2.(d) {25.9B

Female )0 /3.99 ±O.55 3.55! 0.20 10.6 9.04 - 34.81 =
(13.-+4- (3.35 - 0.75) 12.16 1.77
14.54) (33.04

~can 1.49
Lrcwth
Ratio
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developmental duration was positively and
significantly (P<0.05) correlated with larval
headcapsule width (Fig. 4). Fully grown
larvae formed single or communal cocoons
attached to the surface of the rearing cage or to
the screw lid ofKilnerjars (Fig.1i).

Mean duration in pupal stage was 25.4
days. The mean life cycle (egg-adult) of G.
mellonella reared on brood combs at 27-29°
and 88-91% RH was 57.6 days with a range
from 46-69 days. The average longevity of
mated female adult was 10.6 days (9.04-2.16
days) while that of the mated male adult was
11.1 days (9.9-12.3 days). The sex ratio was 1
male to 4 females.

DISCUSSION

Female G. mcllonella laid considerably
fewer eggs in this study (mean = 220.4; range
=185.3-255.5) than the 250-1283 eggs
reported elsewhere ( Haewoon et al., 1995,
Shylesha and Rajgopal, 1996). Rearing media
and environmental conditions are no doubt
major factors responsible for the differences.
There were seven larval instars as was
previously reported by Gelbic and Nemec
(2001) in Czech Republic, Haewoon et al.
(1995) and Shylesha and Rajgopal (1996) in
Korea. and Lyon (1991) in USA. The ratio of
the previous instar's larval headcapsule width
to the succeeding one obeyed Dyar's rule
(Dyar. 1890). The headcapsule size increased
at each molt by an average of 1.49 (range =
1.36-1.66) approximating the expected
constant ratio of 1.4 for lepidopterous larvae
(Wigglesworth, 1974). A linear relationship
was obtained between the headcapsule width
and the developmental period (Richards,
1949) with a high correlation coefficient of
0.92. This indicates that variation in the
developmental period for each larval instal'
was not strong enough to vacate Dyar's rule.

Variations have been reported in the size of
larvae. In this study. the length of larvae was
between 1.20 and 21.8 11U11. This range
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Fig. 2. Daily oviposition rate of G. mel/onel/a (n=10)

approximates the 1.0-23.0 mm reported by
Charriere and Imdorf (1997). However.
much longer full grown larvae (30 mm) has
been reported from Yemen (Khanbash and
Oshan.1997).

The mean total developmental duration of
57.6 days (46-69 days) was shorter than the
64.6 reported by Shylesha and Rajgopal
(1996) in studies in India. This difference
could have been due to differences in
environmental conditions and the rearing
media used. The average life span of the
adult males (11.1 days) and females (10.6
days) were similar to the 9-10 days reported
by Haewoon et al. (1995) in Korea but
differed slightly from the 14.8 days for males.
and 7.5 days for females. observed Yemen.
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Fig. 4. Correlation between larval age and hsadcapsule width of G. metlonelte

In Nigeria. the menace of G. mellonella
can be effectively curtailed with good hive
management practices. However. as
beekeeping advances and the use of
Langestroth hives becomes more popular than
the Kenya top bar hives, there will be an
increasing: need to devise a more sustainable
control method for the moth. The proper
understanding of the moth's life cycle will
provide the pedestal.
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