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ABSTRACT

Hermetia illucens L. (Diptera: Stratiomyidae) called as black soldier fly (BSF), is known
as an efficient bio-converter of organic waste are mostly rearing for use as fish and farming
feed. Studies on BSF cultivation are generally related to the discovery of the optimum
organic substrates of the larval stage. The ‘preference-performance principle’ suggests that
female adults prefer to oviposit in substrates that maximise offspring fitness. Therefore,
the substrate needs to be also attractive to females for oviposition. To reveal the best
substrates in which is attractive for the female to lay eggs is also extremely important for
the better larval development. In this study, five different poultry manures, such as goat,
peafowl, pheasant, and chicken, quail manure and a non-manure environment (control)
were used in the experimental setup for BSF females to lay eggs in the study. Goat manure
was least preferred by BSF adult females for laying eggs during the experiments. The most
preferred manures for laying eggs by BSF were found peafowl, pheasant, and chicken,
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respectively. In the percentage similarity analysis, it was calculated that the number of
eggs obtained from goat manure was the least and was different from all other manure
tested. According to percentage similarity results the most similar group were found
peafowl manure and chicken manure with 58.83%. The study also provides detailed
information on the BSF breeding.

Introduction

Due to its geographical location, Tirkiye hosts three different Hotspots (protection priority areas), namely
Irano-Anatolian, Caucasus, and Mediterranean [1-3]. In parallel with the plant species richness and high
endemism rate (almost 33%), insect biodiversity is also quite rich in the country [4-6]. While new insect species
are being discovered every day due to the richness of plants and the favourable location of countries, some
species are unfortunately included in the “critically endangered (CR)” or “extinct (EX)" category due to the
negative effects of some agricultural policies [7-11]. The populations of insect species living in their natural
habitats are significantly decreasing due to some negative anthropogenic and/or ecological factors, some
tropical insect species, such as Hermetia illucens L. (Diptera: Stratiomyidae) called black soldier fly (BSF), is
known as an efficient bio-converter of organic waste, are rearing for use as fish and farming feed in Tiirkiye
[12-17].

Although not yet widely used, it is possible to use H. illucens for waste management other than farming feed
[18-19]. While there are numerous studies on usage of BSF as farming feed, there are limited numbers of
research that provide insight into the production procedures of it.

Insects play an important role in many areas around the world, including food security, environmental health,
biotechnology, agriculture and medicine [20]. The production process (optimum temperature, humidity, food
preferences, oviposition preference, etc.) of beneficial insects used as food, such as the H. illucens, needs to
be improved and standardized. Assume that the Black Soldier Fly (BSF), designated for use as aquaculture
feed, is subjected to testing with "Food A" as part of the production process. The larvae, which are nourished
with "Food A" are subsequently desiccated and processed into fish meal, and the resultant impact on the
development of Rainbow Trout is assessed. If, conversely, the BSF larvae were to be fed "Food B" instead of
"Food A," it is likely that the effects on the development of Rainbow Trout would differ. Thus, the anticipated
response would be “most probably NOT.” It is worth noting that numerous studies have examined the
implications of BSF as fish feed and/or poultry feed on the development of aquatic species or livestock, yet
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they often fail to disclose pertinent information regarding the production procedures employed [21-24].
Although the primary objective of our investigation is not to detail the production procedures for H. illucens,
such information is included in the Materials and Methods section to assist researchers intending to conduct
analogous studies in the future.

The aim of this study was to investigate the egg laying preferences of the BSF during the oviposition period,
which is the most important of the production stages, using different types of manure.

Material and Methods

Rearing of Hermetia illucens

Before the experiments began, the H. illucens was allowed to produce one generation under laboratory
conditions. To this end, eggs were began to be reared in a nutrient medium prepared by moistening with a
50:50 (%) mixture of goat manure and wheat bran, with the addition of water (50-60%) in a 5.5-liter production
container, maintained at a constant temperature of 27 °C and 60% humidity. The production container was
covered with a tulle large enough for the larvae to pass through, preventing the eggs from contacting water.
The nutrient medium was kept moist by spraying a certain amount of water each day. After the first-stage
larvae hatched from the eggs and passed through the tulle and reached the nutrient medium, organic waste
supplement (homemade meals, fruit peels, etc.) was added at a rate of one-tenth of the bottom of the production
container. When the larvae reached an average size of 6-7 mm, they were transferred to larger production
containers and continued to be fed with organic waste at 2-day intervals depending on the number of larvae.
As the larvae reached maturity, the number and size of the production containers were also increased in
accordance with the growth of the larvae. The supplementation of organic waste was terminated upon the
alteration of the larvae's color from white-yellowish to brown. At the onset of the prepupa stage, the larvae
were separated from one another through a process of sieving, whereby they were passed through a series of
progressively finer sieves in order to remove residual organic waste. Larvae in the prepupa period were placed
in a different climate cabin in production containers with a wide base area and low height. The pupal period
individuals were placed on shelves with a volume of 3 m® surrounded by tulle at 4 corners, and kept at 85%
humidity and 29 °C until they emerged as adults. Artificial flowers with broad leaves were placed to resemble
the natural environment for the adults emerging from the pupa. The environment where the adults were kept
was sprayed 3 times a day. Mated females were taken to the experimental setup to lay eggs. Each time, 10
mated females were taken into the experimental setup prepared to lay eggs. This application was repeated a
total of 10 times to determine the number of replications.

Preparation of the Experimental Setup

The experimental setup was designed by us to hypothesize adult female Hermetia illucens individuals would
prefer which manure to lay eggs (Fig. 1). Five different poultry manure, goat manure and a non-manure
environment (as control) were used in the experimental setup.

In the mechanism, the "release box" where adult females were placed was designed in the area where six
different pipes meet. Six devices were designated at the ends of the pipes with lids where different moistened
manure would be placed were designed. Goat manure, quail manure, chicken manure, pheasant manure and
peafowl manure were placed in these devices. One device was left empty as a control group. A vacuum pump
was used to ensure that the manure odors could reach the release box where the adult females were located.
The areas where these connected to the pipes were designed to be funnel-shaped towards the inside of the
chamber and are designed to be large enough for adult female individuals to pass through (Fig. 2). In addition,
1 mm diameter holes were drilled on the lidded boxes to reduce the vacuum created by the vacuum pump
connected to the top cover of the release box and to allow the poultry manure odors in the lidded chambers to
reach the release box.
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Fig 1 Experimental setup used to test which manure Hermetia illucens adult females would prefer to lay eggs

The location of the experimental setup was kept fixed and the lidded boxes and the experimental setup were
cleaned in each new trial. In the experiment, the manures were placed in lidded boxes moistened by 95%. The
vacuum pump's suction pressure was adjusted to 0.132 atm (100 mm Hg) (Preliminary studies conducted prior
to the experiment concluded that this pressure was the most appropriate). After the experimental setup was
completed, the captured females were transferred to the box called the release box connected to the system and
the study was started. A total of 10 replications were conducted with 10 females in each experiment.

Fig 2 Lidded plastic container designed to be funnel-shaped for storing manures (left), the vacuum pump (middle), and
vacuum pump's suction pressure (right)

Statistical Analysis

The means of two samples with equal variance obtained from manure X and manure Y were analysed by t -
test to understand whether there was a significant difference in the effect of manure on the oviposition
behaviour preferences of female adults of H. illucens in the experiments (P<0.01). LSD test was performed in
order to difference between eggs laid of female adults of BSF on different manures.

The Multi Variate Statistical Package (MVSP) 3.11c program was used to classify the manures were taken
into the experiment [25]. The classification method was chosen as the arithmetic group averages (Unweighted
Pair Group Method with Arithmetic Mean - UPGMA) in the evaluation of the obtained data. Percentage
similarity was used to calculate the similarities of different manures used in the experiments.

Results and Discussion

Mean number of Hermetia illucens eggs on manures of chicken and goat, pheasant and goat, peafowl and goat,
peafowl and quail, peafowl and release box, peafowl and empty, peafowl and chicken were found statistically
different by t - test while the rest combination manures in terms of average of eggs were found not significant
(P<0.01) (Table 1).
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Boafo et al. (2023) have been used six organic substrates for H. illucens production on their study and it has
been evaluated for their suitability as oviposition attractants and larval development. In the oviposition tests,
millet porridge mash has been found the most preferred substrate for egg laid, whereas from the other substrates
(chicken manure, pig manure, fruit waste, pito mash, and waste from roots and tubes) have been recovered
only a few eggs [26]. H. illucens larva has been found strongly preferred pig manure over the mass-rearing
diet [27]. In another study, chicken, pig and cow manures have been used for evaluated to larval development
of H. illucens. Larva on pig and cow manure have been recorded relatively greater abundance [28]. Agricultural
waste, rice bran, vegetable waste, fruits waste, and household waste, have been mixed with goat manure, have
been used to determine the preference to eggs laid by H. illucens. According to study; the highest number of
eggs of BSF have been declared in household waste then vegetable waste, rice bran, and fruits waste while the
lowest eggs have been found on agricultural waste [29].

Table 1 Number of eiis iMeaniSDi laid bi Hermetia illucens adult females on different manures.

Goat 10 0.2+0.17¢*  1.00000

Quail 10 07+1.12bc  0.18246  1.00000

gg'}fase 10 0.9+40.54bc  0.01792 0.63012  1.00000

Empty 10 1.142.54bc 010166 051725 0.72314  1.00000

Chicken 10 1.6+1.82b 0.00578  0.11452 0.16734 0.45905 1.00000
Pheasant 10 2+3.33 ab 0.00708 0.06724 0.09427 0.25573 0.58433  1.00000

Peafowl 10 3.5+2.27a 0.00000 0.00014 0.00012 0.00282 0.00825 0.06053  1.00000

* The same letters in the column containing the mean and Standard Deviation (SD) values indicate that the means are not statistically different from
each other according to LSD test (P<0.01). The P values indicated in bold were found to be statistically significant according to the t - test (P < 0.01; t
=2,10092204).

The most preferred substrate for oviposition by BSF for laid eggs were calculated peafowl manure, pheasant
manure and chicken manure, respectively. Goat and quail manures proved be the least attractive manures for
BSF to lay eggs. The number of eggs counted in these manures was found even lower than the non-manure
environment used as control.

Percentage similarity results showed that the most similar group were found peafowl and chicken manure with
58.83%. The similarity rate of the group consisting of peafowl and chicken to pheasant was calculated as
25.27%. According to the similarity analysis results, it was noticed that the most different manure was found
as goat manure and its similarity rate to all other groups was found only 11.10% (Fig 3).
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Fig 3 Percentage similarity rates of the manures used in the experiments where Hermetia illucens adult females laid eggs

Conclusion

Many previous studies have focused on which substrate is the most nutritious for larval development. The
substrate must also be attractive to females for oviposition. The ‘preference-performance principle’ suggests
that adult females prefer to oviposit in substrates that maximize offspring fitness [26]. To reveal the best
substrates that are attractive for the females for oviposition is also extremely important for the better larval
development.

According to our results; goat manure, which was found to be statistically different from the other substrates
tested, was found to be the least preferred manure for BSF when compared with poultry manure. Therefore, it
is recommended that goat manure should not be used as an egg-laying substrate for BSF. Adult females of
BSF favoured to oviposit to peafowl, pheasant and chicken and no statistically significant difference was found
between these poultry manure. Peafowl, pheasant and chicken or a mixture of these manures in certain
proportions can be recommended for future studies. However, it is not easy to find peafowl and pheasant
manures in Turkey. Chicken manure, which has no statistical difference between peafowl and pheasant, can
be easily found.

In the calculated percentage similarity analysis showed that chicken and peafowl manures were found the most
similar group with 58.82%. Therefore, chicken manure can be recommended as a suitable substrate for both
the insect's egg laid preference and larval development.

Abbreviations

Standard Deviation (SD); critically endangered: CR; Extinct: EX; H. illucens: Hermetia illucens;

BSF: Black Soldier Fly; LSD: MVSP: The Multi Variate Statistical Package; UPGMA: Unweighted Pair Group Method
with Arithmetic Mean; LSD: Least Significant Difference; °C: Degree (Celsius); atm: atmospheric pressure/A standard
atmosphere.
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