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Abstract. Hermetia illucens (L.), the black soldier fly (BSF), has raised
attention due to its potential in solving various organic waste prob-
lems and the benefits of the prepupa biomass as an alternative highly
nutritious livestock feed. The availability of BSF populations strongly
depends on mating success and reproduction. The mechanism of sex-
ual selection during the mating period also determines the success
rate of mating and reproduction and the survivorship of the offspring.
Here, we analyzed how the influence of different mating status (virgin-
ity) of mating pairs on mating success, daily oviposition, the number
of eggs and fertility of eggs. BSF reared in semi-outdoor screen cages
with five replication and four treatment of mates virginity combina-
tion. An analysis of variance (ANOVA) was used to assess differences
in mating and reproductive performance among treatment. Male and
female BSF performed the remating activity. The virginity of males
and females significantly influenced mating and oviposition frequen-
¢y. Mate choice was influenced by the virginity of mates. However, vir-
ginity status of mates did not affect the number of eggs, eggs weight,
and eggs fertility. Understanding of mate selection behavior in rela-
tion to virginity in BSF served as important information to obtain the
sustain population in the various scale of rearing design application.
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INTRODUCTION

Black soldier fly (Diptera: Stratiomyi-
dae) is an important insect in nature especially
related to its role as a decomposer of various
organic wastes (Julita et al., 2019; Permana et
al., 2018; Surendra et al., 2016; Zhang et al.,
2010). Several studies have shown the abili-
ty of BSF larvae to convert various organic
wastes into prepupa biomass which harvest-

ed for animal feedstock (Gao et al., 2019;
Kinasih et al., 2018; Manurung et al., 2016;
Gobbi et al., 2013; Diener et al., 2009; Myers
et al., 2008). The economic value of the black
soldier fly (BSF) is well established, how-
ever, some important aspects for managing the
sustained population of BSF related to its re-
productive success are relatively unexplored.
Reproduction is the most essential phase to
efficient rearing development of BSF (Julita
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et al., 2020; Hoc et al., 2019) which highly
related to the availability and sustainability of
BSF population in both small and mass scale
rearing installation.

It is well known that the quality of mat-
ing pairs influenced the reproductive perfor-
mance of BSF (Nguyen, 2015). Several stud-
ies, in insects, reported some of the advantages
of mating related to the virginity of mating
pairs (Tanner et al., 2019; Xu & Wang, 2009;
Lewis & lannini, 1995; Arnaud & Haubruge
1999). Males and females significantly pre-
ferred virgin to non virgin mates for mating,
suggesting that virginity affects reproductive
fitness (Jimenez-Perez & Wang, 2004; Shelly
et al., 2004; Xu, 2010). Young and virgin indi-
viduals are preferred when choosing a mating
partner because they ensure higher reproduc-
tive potential (Vickers, 1997). Virgin males
can produce greater spermatophores (Kaitala
& Wiklund, 1995; Bissoondath & Wiklund,
1996) and virgin females have better reproduc-
tive output (Tanner et al., 2019; Vickers, 1997;
Xu & Wang, 2009). This study was designed
to assess the influence of male and female
virginity status on mating and reproductive
performance of BSF. Considering the effects
of mates virginity on ovipositing behaviors
and fertility of offspring, thus we measured
several parameters such as total mating fre-
quency, the number of egg-laying females, the
total number of eggs, and the fertility of eggs.
This study revealed the mating and reproduc-
tive behavior of BSF in relation to virginity,
as important information to develop an under-
standing of variables which may influence the
success egg production in the rearing system.

MATERIALS AND METHODS

Study Site
All research took place in an inte-
grated garden of the Faculty of Science and
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Technology, UIN Sunan Gunung Djati, Ban-
dung, Indonesia. The experiment performed
inside 60 x 60 x 60 cm?® screened breeding
cages placed in a 4 x 4 x 4 m® semi-outdoor
screen house. This research was conducted
for two months, in October-November 2019.

Source of BSF

Eggs were collected from a BSF colony
housedinascreen cage (3 x 3 x 3m) maintained
on the roof-top of The School of Life Scienc-
es and Technology building located at Institut
Teknologi Bandung. After hatching, the larvae
were fed on commercial chicken feed (brand
HI-PRO-VITE) with 70% moisture in a 30
x 25 x 10 cm plastic container. In the pupal
stage, all individuals were removed from the
containers and collected for the experiments.

Influence of Virginity on Mating Success
and Oviposition Frequency

To ensure individual virginity, the uni-
formly sized of BSF final stage pupae (charac-
terized by dried, tiff and dark pigmentation)
were maintained individually in a plastic cup
(height 11 cm, diameter 6 cm) covered with a
black sheet until they emerge to adult. Adult
BSF were distinguished by sex, then each
group of virgin males and females were kept
in different cages before being used for experi-
ments. BSF used was one-day-old male and fe-
male individuals. In this study, four treatments
were performed based on the mating status or
male and female virginity (Table 1), namely:

Table 1. Combination of virginity mating pairs of BSF

Virginity combination of mating pairs

Male Female
Virgin (V) Virgin (V)
Virgin (V) Non-virgin (NV)

Non-virgin (NV)
Non-virgin (NV)

Virgin (V)
Non-virgin (NV)
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Male and female non-virgin (mated) are
individuals which have completed copulation.
Immediately after the mating pairs finish co-
pulation, marked by the release of the genital
contact (Julita et al., 2020), each male and fe-
male was collected in different cages, until a
non-virgin group was sufficient for experimen-
tation. A number of 30 pairs of adult BSF
were used in each combination of virginity
treatments. All treatments were carried out in
60 x 60 x 60 cm3 adult screen cages placed in
a semi-outdoor screen house. The adult cag-
es were provided with water (ad libitum) and
decaying organic waste (a mixture of fruits
wastes; papaya, pineapple and mangoes) as
an egg-laying stimulant for females. The
egg-laying stimulant medium was placed in a
container (20 X 15 x 5 cm) at the center of the
cage and with several strips wooden, act as
an ovitrap, placed above the medium. Several
observational parameters including total mat-
ing frequency, daily mating frequency, total
oviposition frequency, daily oviposition fre-
quency, number of eggs, egg weight and egg
fertility were recorded. Mating frequency (the
number of mating pairs) was initiated on the
date of adult release into the treatment cages.
Observations were made for 15 min periods at
1 h intervals during daylight hours each day.
The observation was conducted every day for
14 days from 06.00 a.m. to 18.00 p.m. The
oviposition frequency or rate of oviposition
was determined by recording female oviposit
and egg clutches deposited daily on the ovi-
trap (15x 5 cm in length). The ovitraps were
replaced daily, and the numbers of egg clutch-
es were calculated.

During the observation of all treatments,
the environmental conditions were measured
for 14 days. The average temperature was
27.8°C; a minimum temperature was 24.4°C
and the maximum temperature was 29.3°C.
Relative humidity was around 80%, minimum
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humidity was 73% and the maximum humidi-
ty was 86%. The light intensity ranged from
7854.17-10856.39 lux, with an average of
9556.80 lux.

Statistical Analysis

To determine differences in total mating
frequency, frequency of oviposition, number
of eggs, eggs weight and eggs fertility among
treatments, a statistical analysis of variance
(ANOVA) was performed with Duncan test
as posthoc test. The confidence level applied
in this study was 95%. All statistical analyses
were performed using SPSS 25.0.

RESULTS AND DISCUSSION

Influence of Male and Female Virginity on
the Mating Frequency

Virginity status of mates in adult BSF
influenced the mating frequency and oviposi-
tion frequency but did not affect egg number,
egg weight, and egg fertility. Mating frequen-
cy revealed significant differences among
treatment (P < 0.05) (Figure la). The total
mating frequency of male and female virgin
treatment was significantly higher than other
combination and the lowest mating frequen-
cy was recorded on non-virgin mating pairs
(Figure 1a). The mating behavior of male and
female virgin pairs began at the second day
of observation, while other treatments started
from the first day of observation. The number
of mating pairs tends to decrease from the first
day of the mating period to the last day at all
treatments. The mating period of virgin pairs
occurred for six days and tends to be longer
than other mating pairs, while non-virgin
mating pairs have the shortest mating period
of only three days and the frequency was de-
creasing with time (Figure 1b).

This study showed multiple mating
activity on adult BSF was observed and the
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virginity status of mating pairs affected the
frequency of mating, which different from
Giunti et al. (2018) who used different obser-
vational method. Multiple copulations allow
females to get an additional supply of sperm
and obtain nutrition from males (Jimenez-Pe-
rez et al., 2003; Wang & Davis, 2006). Multi-
ple mating behavior was found in the female
of other insect such as hide beetle (Dermestes
maculates) (McNamara, 2004; Archer & El-
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gar, 1999), pseudoscorpion (Cordylochernes
scorpioides) (Newcomer et al., 1999), and
Ephestia kuehniella (Xu, 2010). This beha-
vior may related to the strategy of females to
gain material and physiological resource that
do not obtain from previous pair (Lemaitre el
al., 2009) and genetic benefit of better male
(Xu, 2010; McNamara, 2004; Jennions &
Petrie, 2000; Archer & Elgar, 1999; Newcom-
er et al., 1999; Zeh et al., 1998).
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Figure 1. The average of mating frequency in the BSF virginity mating pairs treatment a) Total mating frequency,
b) Frequency of daily mating. Bars with different letters are significantly different (P <0.05)

Oviposition Frequency, Egg Mass, Fecun-
dity and Egg Fertility

There was a significant difference be-
tween treatments in the mean parameters of
the number of oviposition females. Virgin fe-
male-male pairs have a significantly higher
frequency of oviposition females compared
to other treatments (Figure 2a). There were
differences in the frequency patterns of dai-
ly oviposition females. Virgin females which
mated with both types of males (virgin and
non virgin) oviposited their eggs from the
fourth day to the seventh day and the num-
ber of daily oviposition females was higher
than non-virgin females. On the other hand,
non-virgin females oviposited their eggs from
the third day to the sixth day. The average fre-
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quency of daily oviposition in females tended
to decrease from the first oviposition until the
end of the egg-laying period and only last-
ed for four days in all treatment (Figure 2b).
The virginity did not significantly af-
fect the number of eggs, egg weight, and egg
fertility although male-female virgin pairs
had a lower average of egg number and total
egg weight (7648 eggs) compared to others
(8283-8418 eggs) (Figure 3a). Egg viability
produced from all combinations was relative-
ly similar, between 76-78% (Figure 3b).
Based on this study, polyandry strategy
in this species did not increase the viability of
its offspring which also showed in other in-
sects such as Ephestia kuehniella (Xu, 2010)
and Nysius huttoni (Wang & Davis, 2006).
177
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This is contrary to the 'genetic incompatibility
hypothesis' (Zeh & Zeh, 2001) which assumed
that the advantage of females from polyandry
is to obtain higher offspring viability. How-
ever, in this research, the remating BSF fe-
males may get offspring with higher genetic
diversity, since they are copulated by different
males, that reducing sib competition (Robin-
son, 1992), disease transfer (Arnqvist & Nils-

number of oviposition female

son, 2000), and inbreeding costs (Cornell &
Tregenza, 2007) and in advance may provide
adaptation advantages in ever-changing feed
and environmental condition. Another possi-
ble explanation of this result may relate to the
effect of innate factors on egg production and
the length of females life span (Xu, 2010).
Further studies are required to test these hy-
potheses on Hermetia illucens.
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The present study illustrated that virgin-
ity status of mates influenced mate choice in
BSF. Although studies showed the benefit of
multiple mating in term of possible nutrient
transfer from male to female which increase
the fecundity and egg viability (Maklakov,
et al., 2005, Boggs, 1990, Arnqvist & Nils-
son, 2000), this study clearly did not show
it. Whether male did not inject nutrient to
female, differences in egg production mecha-
nism or the possible trade-off factors (Parker,
2006; Bonduriansky et al., 2008; Ronn et al.,
2007; Green & Tregenza, 2009) which hinder
the benefit of multi mating are questions to be
answered by future studies.
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