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Abstract

Black soldier fly (BSF), Hermetia illucens, is an important beneficial insect. Numerous
studies have been conducted to understand the oviposition behavior and preferences of
BSF. This paper reports the effects of decomposition level of food and presence of
pupal remnants on the oviposition responses of BSF. Cages comprising of four
oviposition sites, housed with five male and female BSF were prepared. Gravid females
were provided with equal opportunities to oviposit in two sites with ripened banana
(mildly ripened (MR) or over-ripened banana (AR)) and two other sites with fresh
banana (OV). Three replicates in clockwise replication design were set up. The
presence of pupal cases in high, medium and low abundance were studied. The number
of eggs deposited at different sites were counted and expressed in percentage and
oviposition attraction index (OAl). Gravid BSF females showed greater attraction to
sites with over-ripened banana likely associating with the odor. BSF females also
exhibited a preference for egg laying at sites with less pupae cases. Sites with the most
abundance pupae cases were far less enticing as the pupae cases may deter the
ovipositing BSF. The findings of this study is important for development of effective
egg trapping and collection strategies in BSF farming.
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Introduction

Insects are natural diet for fish and poultry (van Huis
et al., 2013). They have high feed conversion
efficiency and are rich source of protein, fat, vitamin
and minerals (Rumpold and Schliiter, 2013). These
characteristics are also typical to black soldier fly
(BSF), Hermetia illucens (Diptera: Stratiomyidae).
BSF is a valuable source for biodiesel production due
to its high lipid content (Wang and Shelomi, 2017).
According to previous study, the amount of protein
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and fat stored in BSF larvae can be as high as 35-45%
on dry matter basis (Newton et al., 2005). The crude
protein and fat level reported in BSF pre-pupae was in
the range of 38% — 46% and 21% — 48%, respectively
(Oonincx et al., 2015; Driemeyer, 2016). BSF is also
used as an effective biological control agent to reduce
the oviposition of house flies (Tomberlin and
Sheppard, 2002).

BSF has been commonly used for bioconversion of
organic wastes (Nguyen et al., 2015; Badenhorst,
2017; Nyakeri et al., 2017a), the larvae can consume a
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wide range of organic residues from streams (Chia et
al., 2018), feces, plant (Nguyen et al., 2015), landfill
wastes (Diener et al., 2009) as well as carrion
(Tomberlin et al., 2005). They can be fed as high-
guality feed for swine (Newton et al., 2005), fish
(Wang and Shelomi, 2017), and poultry (Moula et al.,
2018). Tomberlin and Sheppard (2001) reported that
BSF can contribute up to 25% reduction in wastes
annually. Besides being the high quality feedstuff, the
BSF waste is rich in nitrates and phosphorous serving
as a potential fertilizer (Lalander et al., 2015). BSF has
also been proposed as a protein supplement for human
consumption (Wang and Shelomi, 2017). The
nutritional composition of BSF depends largely on the
growth and larval development as well as the quality
of wastes fed (Lalander et al., 2015; Badenhorst,
2017). Therefore, it is important to gain better insights
into the oviposition preference facilitating production
of high quality larvae.

Numerous studies have been many conducted to
understand the oviposition behavior and preferences
of BSF (Park et al., 2016; Nyakeri et al., 2017b).
Conditions at egg deposition sites including adequate
sunlight and availability of food were highly attractive
to gravid BSF females (Park et al., 2016). The odor
intensity further stimulated the oviposition response
(Aldanaetal., 2013; Nyakeri et al., 2017b). Tomberlin
and Sheppard (2002) on the other hand identified the
deterrent effect of house fly larvae in oviposition
behavior of BSF females. The factors governing the
oviposition behavior of BSF is important to the BSF
farming industry to develop strategies in maintaining
their rearing facilities and to improve their production
efficiency and quality. The effects of decomposition
level of food and the presence of pupal remnants on
the oviposition response of BSF is yet scarce. This
paper reports the effects of banana at different
maturity levels and the presence of pupal remnants on
the oviposition response of BSF.

Material and Methods

Sample of adults BSF

The Borneo strain BSF, H. illucens were obtained
from Fly Technology Agriculture Ltd, Kuching,
Malaysia. A total of 200 BSF pupae were collected
from the farm. Each pupae was placed in a 1.5-mL
Eppendorf tube, and the gender of the newly emerged
adult was determined using a stereomicroscope (SZ-
LED; Kenis, Osaka, Japan). Males and females were
then placed in separate cages of dimensions (30 x 30
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x 30 cm), provided with water. Additional
experimental BSF adults were produced as necessary.

Experimental setup

Cages with dimensions of (30 x 30 x 30 cm) were
equipped with oviposition arena comprising of foam
mats (26 cm x 26 cm) with an opening of 2.5 cm in
diameter at each corner. An acrylic plastic cup was
held at each opening. This setup is according to
Sheppard et al. (2002).

Experimental factors

The effects of banana at different maturity level and
the presence of pupal cases on the oviposition
response were examined. Fresh, mildly and over-
ripened banana (Bornean banana cultivar, Family:
Musaceae) were used. Mildly ripened bananas were
prepared by leaving the peeled bananas for two days
whilst over-ripened bananas were left for six days.
BSF pupal exuviae were collected from the farm and
cleaned in the laboratory to remove any unwanted
debris. They were cut into pieces of 0.2 - 0.5 cm and
referred to as pupal cases.

Mildly Ripened Banana (MR)
ov1

Replicate 2 ‘ Replicate 3 Replicate 4

MR1 ov2 MR2

MRI1 MR2 ov2 ov1 MR2 MR1 oVl ov2

MR2 ovi1 MRI1
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Over-Ripened Banana (AR)
ov1

Replicate 2 Replicate 3 Replicate 4

ARI1 ov2 AR2

ov2 ov1 AR2 ARI1 oVl ov2

AR2 oVl AR1

[Pupal Case (PC IRel)limte 2 I IRe)licntt 3 I IRel)licme 4 I
ov
HP MP LP

LP ov HP

MP

Figure—li The experimental design of the
oviposition

The oviposition tests were performed according to
Dieng et al. (2017) with some modifications. The
clockwise replication design was adopted; two cups at
the opposite positions were filled with 5 g of mildly
(MR)/over (AR) ripened banana whilst two others
were filled with 5 g of fresh banana only (OV) as
illustrated in Figure 1. On top of the cups, rectangular
corrugated cardboards of 50 x 30 mm were placed,
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serving as the egg deposition sites. The stages of
maturity reflects the odor level where over-ripened
banana tends to produce more intense odor. To
examine the effects of pupal case (PC) on the
oviposition response, three cups were filled with
pupae cases (in low (LP), medium (MP) and high (HP)
abundance of 1 g, 5 g and 10 g, respectively) whilst
the remaining was left empty as control (OV) in
clockwise replication design as shown in Figure 1.

Oviposition bioassay

Five males and females BSF were released into each
cage and supplied with water held in an acrylic plastic
cup placed in the center of the oviposition arena. All
cages were maintained at controlled temperature of
26°C — 28°C, 75% —85% relative humidity, and
photoperiod (light : dark) of 14:10 hours for a duration
of seven days. At the end of the experimental period,
the number of eggs deposited on the cardboards were
counted under a dissecting microscope (Meiji EMZ;
Meiji Techno Co., Ltd., Tokyo, Japan).

The mean number of eggs identified at each site was
used as the score of oviposition responses. The
oviposition responses were reported in percentage,
expressed as the total number of eggs deposited at a
given site (all replicates) divided by the total number
of eggs for all four oviposition sites. The oviposition
attraction index (OAl), as suggested by Kramer and
Mulla (1979), was calculated to determine the
oviposition response of gravid females in each
oviposition site. OAI=T -OV /T + OV, where T =
the number of eggs laid in test site and OV = the
number of eggs laid in control site. The index ranges
from -1 to +1, with negative value indicating
repellency in test site against control; 0 indicating no
preference and positive value indicating attractiveness
in test site than control. The differences in oviposition
responses between control (OV) and test sites (MR,
AR, LP, MP and HP) were compared using Analysis
of Variance (ANOVA) at 95% significant different
with Tukey’s test applied for multiple comparisons.

Results

Table 1 summarizes the mean number of eggs
identified at the oviposition sites in the presence of
banana at different maturity. BSF females laid eggs at
both sites with mildly ripened (MR) and fresh banana
(QV). Of the total of 6,055 eggs oviposited, 52.67%
(3189/6055) was found at MR and 47.33%
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(2866/6055) at OV.

Table-1. Mean number of eggs identified at
oviposition sites with different maturity of banana.

?ntggjii?; Mean number of eggs (+ SE)
Fresh 591 + 105°
Mildly Ripened 797 £ 209°
Over-Ripened 1032 + 293P
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Rows with the same letters denote no statistical
difference (p > 0.05)
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Figure-2. Box-and-whisker plots for the number of
eggs oviposited at OV, AR and MR sites
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The mean number of eggs laid at MR (797 + 209 eggs,
range 491- 1416 eggs) was more than that deposited
at OV (717 £ 108 eggs, range 540— 1013 eggs) (Figure
2a) with the OAIl 0.05+0.32. When over-ripened
bananas (AR) were offered together with fresh
bananas (OV), the mean numbers of eggs deposited at
the former was higher with a percentage distribution
of 68.88% against 31.12% (AR: 1032 £ 293 eggs,
range 300 — 1720 eggs; OV: 466 = 172 eggs, range 0
— 820 eggs at OV) (Figure 2b). A significant different
was confirmed (p < 0.05) in the number of eggs laid at
OV and AR. The OAI calculated was higher (0.38 +
0.26) than that derived from MR. This suggests over-
ripened bananas are more attractive to BSF.

Table 2 summarizes the oviposition response of BSF
in the presence of different abundance of pupae cases.
BSF showed preferences to lay eggs at the sites with
low (LP) and moderate (MP) abundance of pupae
cases Wwhere 44.46% (1243/2796) and 42.70%
(1194/2796) of eggs were found at both sites.

Table-2. The mean number of eggs in the presence
of different abundance of pupae cases.

Abundance of Mean (+ SE)
pupae
0g (0V) 21 £ 212
1g(LP) 311 + 42°
5g (MP) 299 + 79°
10 g (HP) 69 + 262

Rows with the same letters denote no statistical
difference (p > 0.05)
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Figure-3. Box-and-whisker plot for the number of
eggs oviposited at OV, LP, MP and HP sites
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Tukey’s test inferred that the oviposition response was
significantly influenced by the abundance of pupae
cases. The mean number of eggs laid at LP (311 + 42
eggs; range 232 — 389 eggs) and MP (299 + 79 eggs;
range 130 — 445 eggs) were significantly higher than
that at OV (21 £ 21 eggs; range 0 — 85 eggs) and HP
(69 +£26 eggs; range 0-—113 eggs). In terms of
attractiveness, LP and MP attained comparable OAI of
0.87 with the latter demonstrating greater variations
between replicates. The OAI of HP (0.53 £ 0.55)
however was markedly lower than those sites with less
abundance of pupae cases (Figure 3).

Discussion

Bananas at different maturity were observed to
influence the egg laying preference of BSF. Increased
number of eggs were found at the sites with ripened
bananas (MR and AR) corroborating the observations
of Devi and Jha (2017). As the fruit increases in
maturity, the odor level intensifies serving to attract
BSF. Zvereva and Zhemchuzhina (1988) reported a
marked reduction in egg laying response of BSF in the
absence of odor. When fresh manure was
experimented, an increase in oviposition was
conversely observed (Nyakeri et al., 2017b). Odor
resulting from fruit ripening is associated with release
of ethanol, acetic acid, ethyl acetate and acetaldehyde
(Aldana et al., 2013; Zhou et al., 2013). The level of
sugar increases markedly in ripened banana, escalating
from 1-2% in fresh pulp and up to 20% in ripened fruit
(Maduwanthi and Marapana, 2017). The ripening also
markedly increased protein (Brady et al., 1970),
vitamin B, moisture (Rahman et al., 2014), aroma
volatiles, and olfactory stimulants (Bangerth et al.,
2012). Ovipositors of BSF females are naturally
loaded with sensors that allow them to choose the
appropriate site for egg deposition (Tomberlin, 2017).
The sensory cues for oviposition decisions includes
taste, texture, vision and olfaction, of which olfaction
is the key factor governing the decision-making
(Markow and O’Grady, 2008; Zhu et al., 2014).

The presence of pupal cases was also evidenced to
affect the egg-laying response of BSF. The control
(OV) and sites with high abundance of pupal cases
(HP) were noticeably less attractive to ovipositing
BSF females when in competition with LP and MP.
Female BSF obviously reject HP in favor of LP and
MP. Bradley and Sheppard (1984) examined the
oviposition preference of houseflies in the presence of
larvae; oviposition sites with a higher larval density
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deterred the houseflies. Horng (1997) inferred that the
degree of larval competition could have contributed to
the egg-laying decisions. The ovipositing BSF
preferred sites with lower abundance of pupal cases
possibly perceiving a lower degree of competition
(Werner and Gilliam, 1984; Kershenbaum et al.,
2012). This oviposition decisions corroborates the
behavior of insects in optimizing their offspring
growth potential (Allgood and Yee, 2017) and fitness
(Binckley and Resetarits, 2005). Among the sites with
different abundance of pupae cases, OV (the control)
is the least attractive. At the sites filled with pupae
cases, it is hypothesized that pheromones may have
been released from the pupae cases, acting to
attract/repel the ovipositing BSF. Larvae BSF was
found to release pheromones serving as deterrent to
houseflies (Liu et al., 2019) and pheromones were also
extracted from pupal cases of Dolichovespula media
(Vander Meer et al., 2019).

Conclusion

The results of the present study indicated that over-
ripened banana is more attractive to ovipositing BSF
females due to stronger odor. This implies that
decomposed food is a more effective baiting source for
BSF oviposition. Besides, the number of eggs found at
oviposition sites with high abundance of pupae cases
was seemingly lower as the density may be an
indication of competition. The findings suggested that
removal of pupal remnants from BSF rearing facilities
is necessary and could improve the egg collection
efficiency. The findings of this study is important for
development of effective egg trapping and collection
strategies in BSF farming.
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