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Abstract: Many predatory mites use insects for dispersal; however, their possible negative effects on
insect hosts during transportation and on insect offspring while preying in the hosts’ habitats are still
poorly understood. A recent study has revealed that the predatory mite Blattisocius mali can not only
spread by means of drosophilid fruit flies but also feed on their bodies during dispersal. The aim of
this study was to examine the capability of B. mali to prey upon the eggs of their fruit fly hosts and
determine the effect of the egg’s age on the voracity of this predator. Drosophila melanogaster oviposited
on agar media for 1 h and D. hydei for 8 or 16 h. During 10-h experiments with fifteen fly eggs per cage,
a single female predator totally consumed on average 3.62 ± 0.673 “1-h” D. melanogaster eggs and
3.00 ± 0.612 “8-h” eggs of D. hydei, while it partially consumed 2.75 ± 0.586 and 3.00 ± 0.612 eggs
of each fly species. In the experiments involving D. hydei, the predator totally destroyed a similar
number of “8-h” and “16-h” eggs, but it partially consumed significantly more younger eggs than
older eggs. Ethological observations showed that mites returned to some partially fed eggs, usually
from the side where the first puncture was made, and only then did they consume them whole.

Keywords: predatory mite; egg age; partial prey consumption; Blattisocius; Drosophila

1. Introduction

Many mesostigmatic predatory mites use insects for dispersal to habitats that are
potentially rich in food but discontinuous and ephemeral habitats [1,2]. These mite-insect
associations can be phoretic, where a mite is entirely passive while being attached to its
host [3–5]. Not infrequently, however, the mite feeds on insects during transportation, and,
as an ectoparasite, it can exert a negative impact on their fitness [6–9]. Moreover, when
foraging in the habitat of the insect host, mesostigmatic predators can also prey on its
immature stages [1,10]. Thus, when investigating the possible negative effects of the mite
on insect hosts, aspects related to the mite feeding on the juvenile offspring of the host
should not be neglected.

Drosophilidae is a family of cosmopolitan flies that comprises two subfamilies, Drosophili-
nae and Steganinae, with approximately 4400 species [11]. The majority of these fruit flies are
adapted to feed on bacteria, yeast, and other fungi and inhabit such substrates as rotting fruit,
decaying herbs, or parts of logs. Others are phytophagous, or, as in the Steganinae subfamily,
they are predatory as larvae and necrophilic or zoophilic (lachryphagous) as adults [12].

Both field and laboratory observations have shown that drosophilids can also be carri-
ers for mesostigmatic predatory mites [8,9,13–17]. With reference to this, the relationships
of Macrocheles subbadius (Berlese) and M. muscadomesticae (Scopoli) (Macrochelidae) as well
as Blattisocius (Paragarmania) mali (Oudemans) (Blattisociidae) have been studied in detail.
Both macrochelids turned out to be ectoparasitic in relation to the adult fruit fly hosts; they
fed on them during transportation, deleteriously affecting their body condition and flight
ability [6,8,18,19]. Moreover, the ectoparasitism of M. subbadius also adversely influenced
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fruit fly reproduction and survival [6,20]. It has not been examined yet whether the mites
also prey on drosophilid fruit flies in their immature stages. However, it is known that both
those mites can be carried by the housefly and also readily prey on its eggs and 1st instar
larvae [20,21].

Blattisocius mali is a polyphagous and cosmopolitan mite feeding on some acarid
mites, nematodes, or eggs of moths [9,22–24]. It is the only representative of Blattisocius sp.
recorded on drosophilid flies, although other species such as B. keegani Fox, B. dendriticus
(Berlese), B. patagorium Treat, and B. tarsalis (Berlese) can also be spread by insects (pyralids
and noctuid moths). Blattisocius mali has been found on Drosophilinae fruit flies Drosophila
littoralis Meigen, D. montana Stone, D. ezoana Takada and Okada, D. lummei Hackman [15],
and D. hexastigma Patterson and Mainland [16], as well as on a Steganinae fruit fly, Phortica
semivirgo Máca [17].

A recent study by Michalska et al. [9] indicates the ectoparasitic association of B. mali
with drosophilids. The hungry predatory females not only attached themselves to the
bodies of the flightless forms of D. melanogaster Meigen and D. hydei Sturtevant but also fed
on them during transportation, and their presence resulted in an increase in fly mortality.

Our preliminary observations also revealed that B. mali can consume drosophilid
eggs, both those inserted into an agar medium as well as those laid on a substate surface
(Figure 1). Drosophilids tend to insert their eggs into the substrate, while the hatched larvae
tend to burrow into it. However, some fruit fly eggs, even the majority, are also oviposited
on a food surface, and some larvae may crawl on it [25–27], where they can be easily preyed
upon by predatory mites.
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Figure 1. (A). Eggs of Drosophila hydei (left) and D. melanogaster (right). (B). The egg of D. melanogaster
is embedded in agar medium and consumed by a Blattisocius mali female.

Studies on the predation of B. mali on the eggs of the Phthorimaea operculella moth
(Zeller) and B. tarsalis on the eggs of the moths Ephestia kuehniella Zeller and Plodia inter-
punctella (Hübner) have shown that some of the prey eggs were only partially fed on by
these predators, and all punctures were lethal to the prey [23,28–30]. Moreover, the age of
E. kuehniella eggs affected the extent to which the egg content was utilised by B. tarsalis [29].
We expect similar phenomena in B. mali in relation to drosophilid eggs. It should be
noted that in addition to differences in the quantity and quality of nutrients, there are also
morphological differences in insect eggs, including chorion thickness and the presence
of chorion structures such as, e.g., dorsal appendages of drosophilid eggs [31,32] that
may significantly affect the predator’s handling time and also the number of eggs eaten.
However, so far, no detailed observations on the feeding behaviour of Blattisocius mites on
insect eggs have been carried out.

The aim of this study was to examine B. mali predation upon eggs laid on the substrate
surface in two fruit fly species, D. hydei and D. melanogaster. Apart from the repertoire of
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behaviours associated with B. mali feeding on fruit fly eggs, we also examined the predation
rate on these eggs as well as the impact of the fly eggs’ age on predator voracity.

2. Materials and Methods
2.1. Biological Materials and General Methodology

The primary population of B. mali was maintained on various stages of the mould
mite Tyrophagus putrecentiae (Schrank) in wheat bran in the laboratory of the Department
of Plant Protection at Warsaw University of Life Sciences (WULS) [9]. The rearing unit
consisted of soaked foam platforms (22 cm × 15 cm × 2.5 cm), which were covered with
foil and placed within broader vessels filled with a 1.5 cm layer of water, which provided
humidity for mites and prevented them from escaping. The cultures of B. mali were
maintained in a climatic room at 21–23 ◦C with a photoperiod of 16/8 h (L/D). The colonies
of T. putrescentiae were kept in Erlenmeyer flasks with instant yeast pellets and closed
with cotton plugs. They were maintained in a desiccator (Chemland, Stargard, Poland) in
darkness at 26 ◦C and 75–80% RH. The desiccator was filled up in a lower deposit with
saturated potassium chloride solution to provide constant and required humidity [1,33].
Blattisocius mali colonies were supplied with mould mites ad libitum on a weekly basis.

In this study, we used the eggs of two flightless drosophilid species, D. melanogaster
Meigen and D. hydei Sturtevant, which are distributed commercially as live pet food [34].
The stock populations of these flies were obtained from the Amustela Zoological Centre,
Warsaw, Poland, and reared on a standard fruit fly medium based on cornmeal, molasses,
yeast, and propionic acid in an incubator (Panasonic, Osaka, Japan) at 25 ◦C and a 12/12
(L/D) photoperiod [9]. The species of these flightless fruit fly forms were identified in a
previous study by Michalska et al. [9] using DNA barcoding and methods developed by
Dabert et al. [35,36] and Mironov et al. [37].

All experiments were carried out using B. mali females that were randomly selected
from a stock population and starved for 24 h before the experiments started.

As in the case of the mass rearing of T. putrescentiae (see above), we used desiccators to
provide sufficient humidity for starving and then tested predators and fruit fly eggs.

For the starvation of predators and further experiments, we used glass cages, as
described by Michalska et al. [9]. They possessed a drilled conical hole with an upper
diameter of 0.8 cm and a lower diameter of 0.3 cm, and the bottom was made of white filter
paper. Cages with individually starving predators were kept in a desiccator in a growth
chamber at 23 ◦C with a 16/8 h (L/D) photoperiod.

In order to obtain the fruit fly eggs, 20–30 adults of D. hydei or D. melanogaster were
collected from the stock cultures, which were under a light phase, and released into Petri
dishes of 8.5 cm in diameter filled in half with medium based on grape juice, yeast, and
1% agar [38]. In the middle of each Petri dish, there was a single strip of fresh yeast paste
(2 cm wide), which provided food for the flies and stimulated them to lay eggs. Since yeast
“grows” at higher temperatures, the edges of the yeast strip were protected with two hard
foil partitions measuring 8.5 cm × 1 cm. The partitions were placed in the medium before
it solidified completely. As shown by Shaffer et al. [38], drosophilid fruit flies willingly lay
eggs in the darkness, especially just after a transition from light conditions. Thus, the Petri
dishes with flies (previously kept in a light phase) were transferred into a dark incubator at
25 ◦C and kept there, depending on the fly species, for 1 h (D. melanogaster), 8 h, or 14 h
(D. hydei).

Since the fruit fly eggs were embedded within the agar medium, they were collected
from Petri dishes using a needle. They were then “cleaned” off the medium residues in a
drop of distilled water and carefully transferred into glass cages with the aid of a brush.
We individually placed 15 eggs of D. melanogaster or D. hydei in each cage. To protect the
eggs from drying out, the filter paper at the bottom of the cage was heavily moistened and
additionally sealed with scotch tape to maintain humidity inside the cage. Immediately
after transferring the eggs, the starved female of B. mali was released, and then the cage
was closed with a coverslip sealed with paraffin at the edges. In the control cages, 15 fruit
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fly eggs were maintained without predators. To estimate the B. mali predation rate on
drosophilid eggs and larvae hatching, cages were kept in a desiccator at 23 ◦C, 70–80% RH,
under light conditions.

2.2. Assay for Feeding Rates of B. mali on Fruit Fly Eggs

In this assay, we compared the feeding rate of 24-h starved B. mali females on “1-h”
eggs of D. melanogaster and “8-h” eggs of D. hydei. The eggs of both species are similar in
size, although D. hydei has four and D. melanogaster only two dorsal appendages [31,32]
(Figure 1).

As eggs of both species develop quickly, and after 12–15 h at 25 ◦C, most D. melanogaster
larvae had hatched, with D. hydei larvae hatching only several hours later, we conducted the
tests for 10 h using relatively young eggs of both fly species. Our preliminary experiments
showed that a 10-h period was sufficient to estimate the feeding rate of B. mali because,
during that time, the predator usually consumed several fruit fly eggs. In the case of
D. melanogaster, we were able to obtain a sufficient number of eggs already after 1 h of the
fly females’ oviposition in agar-grape-juice medium. Although in the following days of
life, D. hydei has a higher fecundity and a higher rate of oviposition than D. melanogaster,
our preliminary tests have shown that D. hydei begins oviposition on the medium later
than D. melanogaster does, usually after 4–5 h from the moment of the fruit flies’ release into
Petri dishes. Therefore, to obtain a sufficient number of D. hydei eggs, we kept them on the
media for a longer period than D. melanogaster females, i.e., for 8 h. As a consequence, some
eggs of D. hydei were a few hours older than those of D. melanogaster and may have also
differed to some extent from D. melanogaster eggs in their embryonic development. The
eggs were then transferred into cages, and the predatory females were released into half of
them. For both “1-h” eggs of D. melanogaster and “8-h” eggs of D. hydei, N = 16 replications,
either with or without predators, were performed. After 10 h, the predators were removed
from the cages, and the number of damaged eggs was counted. While we did not find any
visibly damaged eggs in the control cages, in cages with a predator, apart from undamaged
eggs, there were some totally flattened or slightly sunken eggs, which we categorised as
totally consumed or partially consumed by the predator, respectively.

Since it was not known whether the slightly collapsed eggs were viable or not or
what the influence of the presence of a predator in the cage could have been on other,
apparently undamaged eggs, an additional test was performed to check the hatching of
D. melanogaster larvae from the slightly collapsed or undamaged eggs in treatment cages
and from undamaged eggs in control cages. To separate undamaged eggs from slightly
collapsed eggs, the eggs of each type were either left in the cage or transferred to a new
cage. This resulted in N = 7 cages with transferred eggs and N = 7 cages with remaining,
slightly collapsed eggs, and similarly, N = 7 cages with transferred eggs and N = 7 cages
with remaining, undamaged eggs. There were also N = 14 control cages, all with remaining,
undamaged eggs. The cages with eggs from each category were kept in an incubator for
10 h, after which hatched larvae were counted.

To estimate the effect of the age of drosophilid eggs on the feeding rate of B. mali, we
compared the feeding rate of 24-h starved B. mali females on “8-h” eggs (N = 16) and “14-h”
eggs of D. hydei (N = 12). The eggs were obtained from Petri dishes with the media (see
above) on which D. hydei females previously oviposited for 8 or 14 h. For each combination,
we also prepared control cages with eggs from each age category but without predatory
females. The experiment was conducted in an incubator for 10 h.

The effect of fly species and egg age on the mean numbers of eggs totally consumed,
partially consumed, or undamaged by the predator was analysed using the one-factor gen-
eralised linear model (GLM) with a Poisson distribution. To compare the mean proportions
of larvae hatching from undamaged eggs, which were either transferred to new cages or
left in the experimental cages, as well as from the eggs kept in control cages, we applied
the one-factor generalised linear model (GLM) with gamma distribution. GLM analysis
was performed using R 4.2.1 software [39]. The data are given as mean ± SE.
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2.3. Observations of B. mali Feeding Behaviour on Fruit Fly Eggs

In our assay on B. mali feeding rates, some drosophilid eggs were only slightly flat-
tened, but no larvae hatched from such eggs. To confirm that such an egg injury was caused
by a predator, detailed observations were conducted on the feeding behaviour of B. mali
females. As in the tests on B. mali feeding rates, 15 “8-h” eggs of D. hydei and ”1-h” eggs of
D. melanogaster were inserted per cage (N = 10), and a single 24-h starved B. mali female
was released into each cage. Each predator was observed by one and the same person, at
room temperature, continuously from the moment of predator release for 10 h, directly
under a stereo dissecting microscope connected to a cool light source.

Apart from details on B. mali female behaviour, the moment of attack and the beginning
and end of feeding for each egg, as well as the site where the egg was pierced, were
recorded. As each attack of an egg was very quick (1–2 s) for both fly species, its time
was not measured separately but estimated jointly with the time of egg consumption. A
stopwatch was used for all-time measurements.

To compare B. mali predation on eggs of each fruit fly species, the mean time of
pause before attack and consumption of the first egg, the mean time of attack and egg
consumption, the mean time of the first and second attack and partial egg consumption,
and the mean time of pause after attack and egg consumption were estimated. (1) The mean
time of pause before attack and consumption of the first egg was the average length of time
spent by the predator from the moment it was released into the cage until the attack of the
first egg in the cage. (2) The mean time of attack and egg consumption concerned both eggs
that were eaten by the predator once and consumed completely or only partially as well as
eggs eaten twice. For the latter, the time was calculated as a sum of the time of the first and
second attacks and partial egg consumption. (3) The mean time of first attack and partial
egg consumption was calculated for eggs that were attacked once and consumed partially
and for eggs that were attacked and consumed twice. (4) The mean time of the second
attack and partial egg consumption refers only to eggs that were attacked and consumed
twice. (5) The mean time of pause after attack and egg consumption refers to the time spent
by the predator in pause after feeding on each egg until either the same or another egg was
attacked, or until the end of a 10-h observation session. The mean time was estimated for
all records of predator attack and egg consumption or pauses noted in each fruit fly species.

The statistical analyses were performed using R 4.2.1 software [39]. The proportions
of eggs of D. melanogaster and D. hydei that were pierced either at the dorsal appendages,
in the middle, or at the back in relation to all eggs pierced during 10-h observations were
compared using the Z test of proportion. We also compared the differences between
attack and consumption times and pauses before and after attack and consumption of
D. melanogaster and D. hydei eggs using a t-test. Before the t-test was applied, the normality
of the time distribution was tested using the Shapiro–Wilk test.

3. Results
3.1. Assay for Feeding Rates of B. mali on Fruit Fly Eggs
3.1.1. Feeding Rates of B. mali Females on Eggs of D. hydei and D. melanogaster

Statistical analysis showed no significant effect of the species of fruit fly on the degree
of damage to their eggs by the predator (GLM: χ2 = 0.8171, df = 2, p = 0.5642). When we
offered single B. mali females fifteen “1-h” eggs of D. melanogaster or “8-h” eggs of D. hydei,
during the following 10 h, they totally consumed 3.62 ± 0.673 (N = 16) D. melanogaster
eggs and 3.00 ± 0.612 (N = 16) eggs of D. hydei (GLM: χ2 = 0.4724, df = 14, p = 0.4919)
on average (Figure 2). In the cages with the predators, we also found partially collapsed
eggs, i.e., 2.75 ± 0.586 (N = 16) and 3.00 ± 0.612 (N = 16) eggs of each fly species (GLM:
χ2 = 0.063835, df = 14, p = 0.8005). In the control combinations, however, with either fifteen
D. melanogaster (N = 16) or D. hydei (N = 16) eggs, no eggs became flattened or dried until
the end of the test.
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Figure 2. Feeding of 24-h starved females of Blattisocius mali on “1-h” Drosophila melanogaster eggs
and “8-h” D. hydei eggs. Each cage (N = 16) contained a single predator and 15 fruit fly eggs.

3.1.2. Hatching of D. melanogaster Larvae from Partially Consumed or Undamaged Eggs

No larvae hatched from D. melanogaster eggs previously partially consumed by B. mali
and then left for the next 10 h for hatching (Table 1). The presence of a predator in the
cage did not have any destructive effect on the later emergence of D. melanogaster larvae
from undamaged eggs. Similarly, transferring the undamaged eggs to new cages had no
negative effect on the later hatching of larvae. As statistical analysis showed, there were
no significant differences between the proportions of larvae hatching from undamaged
eggs, which were either transferred to new cages or left in the experimental cages (after the
removal of the predator), and from eggs kept in the control cages (GLM: χ2 = 0.2374, df = 2,
p = 0.7904).

Table 1. Mean proportion (±SE; N—number of replications) of D. melanogaster larvae that hatched
after 10 h from eggs partially consumed or undamaged by Blattisocius mali or from eggs kept in
control cages. Partially consumed or undamaged eggs were either transferred to new cages or left in
the experimental cages. All the eggs in the control cages remained in the experimental cages.

Eggs Partially Consumed by a Predator Eggs Undamaged by a Predator Eggs from Control Cages

Transferred Left Transferred Left

0 0 0.56 ± 0.095 0.58 ± 0.031 0.53 ± 0.022

(N = 7) (N = 7) (N = 7) (N = 7) (N = 14)

3.1.3. Effect of the Age of D. hydei Eggs on the Feeding Rate of B. mali Females

In our 10-h-long test, B. mali females damaged a similar number of “8-h” and “14-h”
eggs of D. hydei (GLM: χ2 = 0.15, df = 1, p = 0.6982). However, the age of D. hydei eggs had
a significant impact on the degree of their damage (GLM: χ2 = 3.009, df = 2, p = 0.0445).
Although the mites totally consumed similar numbers of “8-h” and “14-h” eggs (GLM:
χ2 = 0.03523, df = 12; p = 0.8511), they partially consumed significantly more younger than
older eggs (GLM: χ2 = 4.5342, df = 12, p = 0.0332) (Figure 3).



Diversity 2023, 15, 652 7 of 14

Diversity 2023, 15, x FOR PEER REVIEW 7 of 15 
 

 

3.1.3. Effect of the Age of D. hydei Eggs on the Feeding Rate of B. mali Females 

In our 10-h-long test, B. mali females damaged a similar number of “8-h” and  

“14-h” eggs of D. hydei (GLM: χ2 = 0.15, df = 1, p = 0.6982). However, the age of D. hydei 

eggs had a significant impact on the degree of their damage (GLM: χ2 = 3.009, df = 2, p = 

0.0445). Although the mites totally consumed similar numbers of “8-h” and “14-h” eggs 

(GLM: χ2 = 0.03523, df = 12; p = 0.8511), they partially consumed significantly more 

younger than older eggs (GLM: χ2 = 4.5342, df = 12, p = 0.0332) (Figure 3). 

 

Figure 3. Feeding of 24-h starved females of Blattisocius mali on “8-h” (N = 16) and “14-h” D. hydei 

eggs (N = 12) during 10 h. Each cage contained a single predator and 15 fruit fly eggs. * p < 0.05. 

3.2. Behavioural Observations on the Feeding of B. mali Females on Fruit Fly Eggs 

3.2.1. Repertoire of Feeding Behaviours 

The sequence of B. mali behaviours accompanying feeding on the “1-h” eggs of D. 

melanogaster or the “8-h” D. hydei eggs was similar. After release into the cage, a 24-h-

starved predatory female initially moved for some time all over the cage chamber, usually 

with the first pair of legs raised up. She did not use her legs while attacking an egg or 

consuming the egg’s contents. After approaching the egg, the female would stop by it, 

touch it once or several times with her pedipalps, and immediately cut the chorion with 

its chelicerae and insert them into the egg. The attack of the egg was very fast, taking one 

or two seconds. While feeding on the egg, the mite was motionless. Its pedipalps were 

slightly widened and laid over the egg, touching it. In some cases, after removing the che-

licerae from the egg, the predator cleaned the chelicerae with the help of pedipalps. Some-

times, it also cleaned the pedipalps using the first pair of legs. However, grooming was 

not specifically associated with the predator feeding on the egg. It has also been observed 

in other situations, such as during mite exploration or resting. 

3.2.2. The Site of the Insertion of Chelicerae into an Egg 

The predator approached an egg either from the back, puncturing it terminally, or 

from the side, and then burrowed the chelicerae either in the middle part of the egg or 

closer to its dorsal appendages (Figure 4). 

Figure 3. Feeding of 24-h starved females of Blattisocius mali on “8-h” (N = 16) and “14-h” D. hydei
eggs (N = 12) during 10 h. Each cage contained a single predator and 15 fruit fly eggs. * p < 0.05.

3.2. Behavioural Observations on the Feeding of B. mali Females on Fruit Fly Eggs
3.2.1. Repertoire of Feeding Behaviours

The sequence of B. mali behaviours accompanying feeding on the “1-h” eggs of D.
melanogaster or the “8-h” D. hydei eggs was similar. After release into the cage, a 24-h-starved
predatory female initially moved for some time all over the cage chamber, usually with the
first pair of legs raised up. She did not use her legs while attacking an egg or consuming
the egg’s contents. After approaching the egg, the female would stop by it, touch it once or
several times with her pedipalps, and immediately cut the chorion with its chelicerae and
insert them into the egg. The attack of the egg was very fast, taking one or two seconds.
While feeding on the egg, the mite was motionless. Its pedipalps were slightly widened and
laid over the egg, touching it. In some cases, after removing the chelicerae from the egg, the
predator cleaned the chelicerae with the help of pedipalps. Sometimes, it also cleaned the
pedipalps using the first pair of legs. However, grooming was not specifically associated
with the predator feeding on the egg. It has also been observed in other situations, such as
during mite exploration or resting.

3.2.2. The Site of the Insertion of Chelicerae into an Egg

The predator approached an egg either from the back, puncturing it terminally, or
from the side, and then burrowed the chelicerae either in the middle part of the egg or
closer to its dorsal appendages (Figure 4).
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In the case of both D. hydei (Z test of proportion: χ2 = 13.849, df = 2, p < 0.0001) and
D. melanogaster eggs (Z test of proportion: χ2 = 22.671, df = 2, p < 0.0001), the proportion
of eggs pierced by B. mali near the dorsal appendages was significantly lower than those
pierced at the back (p < 0.05) or in the middle part (p < 0.05) (Figure 5). Moreover, when a
female touched the dorsal appendages by chance, she immediately left that egg without
feeding. We observed three such situations in the trial with D. melanogaster eggs.

Diversity 2023, 15, x FOR PEER REVIEW 8 of 15 
 

 

 

Figure 4. Blattisocius mali female feeding at the back of the egg of Drosophila melanogaster. 

In the case of both D. hydei (Z test of proportion: χ2 = 13.849, df = 2, p < 0.0001) and D. 

melanogaster eggs (Z test of proportion: χ2 = 22.671, df = 2, p < 0.0001), the proportion of 

eggs pierced by B. mali near the dorsal appendages was significantly lower than those 

pierced at the back (p < 0.05) or in the middle part (p < 0.05) (Figure 5). Moreover, when a 

female touched the dorsal appendages by chance, she immediately left that egg without 

feeding. We observed three such situations in the trial with D. melanogaster eggs. 

 

Figure 5. The proportion of eggs of D. melanogaster and D. hydei that were pierced either at the dorsal 

appendages, in the middle, or at the back by starved Blattisocius mali females in relation to all eggs 

pierced during the 10-h observational period. Bars with the repeated letters “a” or “b” mean no 

significant differences between means (p > 0.05). 

3.2.3. Time of Attack and Consumption of an Egg, Partial Egg Consumptions, and Pauses 

before and after Attack and Egg Consumptions 

As in the assay for feeding rates, during our 10-h observations, B. mali females did 

not always consume the fruit fly eggs completely. Some eggs were attacked and only par-

tially fed, which was manifested by a slight collapse of the chorion of the egg. In total, we 

registered nine out of 59 consumed eggs of D. melanogaster and 18 out of 66 consumed 

eggs of D. hydei that were only partially fed by the mites. During our observations, B. mali 

would partially consume the first encountered eggs as well as those encountered later, 

Figure 5. The proportion of eggs of D. melanogaster and D. hydei that were pierced either at the dorsal
appendages, in the middle, or at the back by starved Blattisocius mali females in relation to all eggs
pierced during the 10-h observational period. Bars with the repeated letters “a” or “b” mean no
significant differences between means (p > 0.05).

3.2.3. Time of Attack and Consumption of an Egg, Partial Egg Consumptions, and Pauses
before and after Attack and Egg Consumptions

As in the assay for feeding rates, during our 10-h observations, B. mali females did
not always consume the fruit fly eggs completely. Some eggs were attacked and only
partially fed, which was manifested by a slight collapse of the chorion of the egg. In total,
we registered nine out of 59 consumed eggs of D. melanogaster and 18 out of 66 consumed
eggs of D. hydei that were only partially fed by the mites. During our observations, B. mali
would partially consume the first encountered eggs as well as those encountered later, after
consuming some other eggs. We also noted 12 D. melanogaster eggs and seven D. hydei eggs
that were attacked and partially consumed twice. The predator would initially consume
the egg, then leave it for some time, and after a pause from feeding or after feeding on
another egg, it would return and complete its consumption. We “arbitrary” named these
two behaviours as first attack and partial egg consumption and second attack and partial
egg consumption, respectively (see Table 2). When the predator fed on the egg repeatedly,
it usually returned to the egg and pierced it from a similar side as at the first partial feeding.
We observed nine such situations out of 12 cases of repeated feedings on D. melanogaster
eggs and six out of eight cases of repeated feedings on D. hydei eggs. Moreover, the mites
would, though very rarely, insert the chelicerae into an egg using the same hole as before.
Only two B. mali females that fed on D. melanogaster eggs once used a previously made hole.
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Table 2. The mean time (s) (SE, min-max) of attack and egg consumption, first and second attack
and egg consumption, and pauses before and after attack and egg consumption of “1-h” eggs of
D. melanogaster and “8-h” eggs of D. hydei by 24-h starved B. mali females during the 10-h observation
period. N—number of replications. As the time of attack was very short, it was measured and
calculated jointly with the time of egg consumption. For a detailed description of all time parameters,
see Section 2.3.

Mean Time
Fruit Fly Species Statistics

D. melanogaster D. hydei t Test Degree of Fredom p-Value

Pause before attack and
consumption of the first egg

302.80 ± 49.36
(93–556)
N = 10

429.63 ± 57.31
(159–689)

N = 8
−3.68 16 0.0115

Attack and egg consumption
89.41 ± 7.68

(6–286)
N = 58

67.98 ± 6.34
(5–187)
N = 65

2.15 121 0.0335

First attack and partial
egg consumption

44.80 ± 8.45
(4–121)
N = 22

21.36 ± 4.69
(5–120)
N = 23

2.55 43 0.0143

Second attack and partial
egg consumption

83.00 ± 20.91
(6–224)
N = 11

57.88 ± 14.77
(15–137)

N = 9
0.88 18 0.3394

Pause after attack and
egg consumption

5218.43 ± 527.30
(88–16,445)

N = 68

4447.59 ± 518.62
(21–18,883)

N = 71
1.04 137 0.2991

As shown in Table 2, the average time spent by a starved B. mali female from the
moment of release into the cage until the attack and consumption of the first egg was
significantly longer for D. hydei than for D. melanogaster eggs during the 10-h observation
period. By contrast, the average time of attack and egg consumption and the first attack and
partial egg consumption were significantly shorter for D. hydei eggs than for D. melanogaster
eggs. The statistical analysis also showed no significant differences in the meantime
between the second attack and partial egg consumption and the pauses after the attack and
egg consumption of D. melanogaster and D. hydei eggs.

4. Discussion

Our study has shown that starved B. mali females can feed on both D. melanogaster and
D. hydei eggs. However, not all the eggs destroyed by the mites were consumed completely.
Some of the fruit fly eggs were only fed partially, and even if the chorion of those eggs
was only slightly collapsed, no larvae hatched from them. Occasionally, predatory females
returned to partially feed eggs, usually from the side where the first puncture was made,
and then they consumed them completely. In the test with D. hydei eggs, the age of the
eggs had no effect on the number of eggs destroyed by a predator. The mites damaged
similar numbers of “8-h” and “14-h” eggs of this fruit fly. However, they exhibited different
patterns of egg utilisation, partially consuming a greater number of younger than older
D. hydei eggs.

These findings support our hypothesis that B. mali may partially consume fruit fly
eggs and that predators’ partial feeding has a lethal effect on their hatchability. Moreover,
as in the case of B. tarsalis feeding on E. kuehniella moth eggs [29], the age of the fruit fly egg
may affect the degree to which its content is eaten by B. mali. Contrary to our expectation,
however, partially consumed eggs of fruit flies can still be “attractive” for B. mali, and the
remaining content of the eggs can also be fed on by this predator at a later time.

Our study is the first report of a predator of the genus Blattisocius feeding on the
eggs of drosophilid fruit flies. A number of species of mesostigmatic mites, including
species from Ascidae, Laelapidae, Melicharidae, Parasitidae, and Blattisocidae, have so far
been reported to predate on eggs of drosophilid fruit flies, namely on D. melanogater and
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D. suzukii (Matsumura) [40–43]. Furthermore, Lasioseius alli Chant (Blattisocidae) developed
and reproduced on D. melanogaster [44].

It should be emphasised that this study examined the predation of B. mali on fruit fly
eggs for 10 h only. We also used random predatory females that had previously starved
for 24-h and were thus generally highly motivated to feed. However, the rates of B. mali
predation could have been substantially different if the predators were of similar age, e.g.,
young and gravid females, as practised in some studies, and fed by drosophilid eggs for
24 h or a longer time.

A characteristic feature of the eggs of drosophilids is the presence of so-called dorsal
appendages, in varying numbers depending on the drosophilid species, which support
the respiration of these eggs, especially when they are immersed in fluid. They are located
near the micropyle and the so-called operculum, through which the larvae hatch from the
egg [31,32].

In our study, the mites did not insert the chelicerae between the appendages but only
from the side of an egg, close to these structures, and they did it less often than at the back
or in the middle of the egg. It has to be stressed that the chorion within the operculum of a
drosophilid egg has a different structure in some layers than that surrounding the main
body of the egg [45]. That, plus the presence of the appendages, could have made egg
piercing difficult for predatory mites. However, we did not observe any B. mali attempts
to penetrate the eggs at this site. Strikingly, accidental touching of the appendages by the
mites resulted in their escaping from the egg without feeding. This possible “discouraging”
effect of the egg appendages could also explain the delay in B. mali feeding on the first
egg of D. hydei (in comparison with D. melanogaster eggs), which has twice as many such
structures compared to the D. melanogaster egg. This does not change the fact, however,
that in general, the feeding rate on the eggs of both fruit fly species was similar during
the “10-h” test. Moreover, starved B. mali females can eagerly feed on D. melanogaster eggs
embedded in agar medium from which only those dorsal appendages protrude (Michalska
K., unpublished).

Further research is needed to examine whether B. mali’s feeding on fruit fly eggs
buried in the substrate or present on its surface would be similar. A study by Esteca [43] on
predation on D. suzukii eggs appears especially interesting in this case. All five tested species
of predatory mites (from Melicharidae and Lealepidae) fed on D. suzukii eggs present on
the substrate, consuming them at different rates, from 2–10 eggs per day. However, when
the fruit fly eggs were embedded in the fruit, only Stratiolaelaps scimitus (Womersley) fed
on those eggs. According to Esteca [43], among the predators studied, S. scimitius had the
longest chelicerae, which probably allowed it to pierce the fruit fly egg in the fruit and feed
on it. The results presented in her work indicate, however, that this predatory mite fed
on embedded eggs at a much lower rate than on unburied eggs. This may mean that it
could have been more difficult for this mite to detect the eggs within the fruit, but also that
the presence of protruding appendages could have made it difficult to feed on those eggs
and/or that they acted aversively.

When describing predatory behaviour, the time of handling is often estimated, and
according to Holling’s definition, it includes the time a predator spends pursuing, subduing,
and eating a prey item [46]. In our study, B. mali females devoted the greatest part of the
handling time of either “1-h” eggs of D. melanogaster or “8-h” eggs of D. hydei to egg
consumption. Their attack consisted of approaching the egg, touching it with pedipalps,
and inserting the chelicerae, and lasted very briefly, 1–2 s only, similarly as described for
Glyptholaspis americana (Berl.) (Macrochelidae) and Parasitus coleoptratorum (L.) (Parasitidae)
feeding on the house fly eggs [47]. Interestingly, while rates of B. mali feeding on D. hydei
and D. melanogaster eggs were similar, the mean time of attack and egg consumption and
the mean time of first attack and partial consumption of D. hydei eggs were definitely
shorter than those of D. melanogaster eggs. It suggests that D. hydei eggs may be more
nutritionally valuable for B. mali, and a shorter feeding period (with a smaller amount of
egg content) could be enough for predator satiation and/or gut filling. On the other hand,



Diversity 2023, 15, 652 11 of 14

however, predators may simply need more time to suck out a similar portion of food from
D. melanogaster eggs than D. hydei eggs due to their biochemical properties. Therefore, to
fully explain this phenomenon, more detailed tests are needed.

Partial prey consumption is common among vertebrates and invertebrates, includ-
ing predatory mites [23,30,48–51]. This phenomenon is associated with increased prey
availability and is internally regulated by the state of the predator’s hunger and/or gut
filling [52,53]. This is also in line with predictions of foraging optimalization, according to
which the predator should maximise net energy intake, handling time should be shorter,
and partial consumption should be favoured when the prey is abundant [54].

Similarly to our study, partial egg consumption has also been reported for B. mali
females feeding the eggs of the moth Phthorimaea operculella (Zeller) [23] as well as for
B. tarsalis consuming the eggs of the moth Ephestia kuehniella Zeller [29,30]. In the study of
Gallego et al. [23], the rate of P. operculella eggs partially consumed was low (3.59 ± 12.03%),
while in our test, B. mali females partially consumed nearly 50% of all destroyed eggs. It
should be noted, however, that in addition to differences in prey species and the connected
food quantity and quality per egg, different prey densities may have been at play. In a
test by Gallego et al. [23], five moth eggs were offered to a single predatory female for
48 h, while our study involved 15 fruit fly eggs for 10 h. Interestingly, our behavioural
observations showed that some completely consumed eggs were, in fact, fed twice. Not
only did the predators approach and feed on the eggs from the same side as at the first
partial feeding, but they could also, though rarely, continue to feed precisely at the same
spot. Returns to partially consumed prey were also observed in some phytoseiid mites
feeding on spider mites [49,55]. Sandness and McMurtry [49] observed up to seven returns
of the predatory female Amblyseius largoensis (Muma) to partially fed female spider mites,
Oligonychus punicae (Hirst). The relocation of the initially fed prey was presumably based on
olfaction, considering that the removal of a dead spider mite caused the predator excitement
after returning to the place where the prey had been [45]. The capability of locating and
feeding on wounded, initially eaten, and dead prey seems to have significant selective
value for mesostigmatic mites, as it may allow them to reduce the time and energy costs
of handling related to chasing or subduing prey, but it may also enable them to survive
through better utilisation of food resources and scavenging when potential prey is scarce.
In B. mali, possible scavenging has been recently indicated by observations of the mite
feeding on the dead bodies of the fruit flies D. melanogaster and D. hydei [9].

In many animals, eggs contain large amounts of nutritious yolk, lipid droplets, and
glycogen, which are then absorbed in the process of embryogenesis [56]. In D. melanogaster,
significant changes in the distribution of the yolk inside the egg and in the external ap-
pearance of the developing embryo can already be observed in the first hours after ovipo-
sition [57]. Our study showed that even a few hours’ difference in the age of D. hydei
eggs (eggs laid within an 8-h vs. 14-h period) had an impact on whether the predator
consumed them partially or completely. Although the age of the eggs had no effect on
the rate of feeding, the predators partially consumed a greater number of younger than
older eggs. Interestingly, a similar phenomenon was observed by Nielsen [29], who fed
B. tarsalis females with E. kuehniella eggs. Although there was no difference in the number
of moth eggs consumed between the age categories from 0–1 days old to 3–4 days old,
larger portions of older moth eggs were fed by the predator. Nielsen [29] believed that
older eggs of E. kuehniella were presumably nutritionally inferior to young ones and that
B. tarsalis mites compensated for this by eating a larger amount of each single egg.

It should be emphasized here that the older prey eggs may be eaten more willingly
by some predatory mites. As shown by Akyazi et al. [58], the starved phytoseiid mites
Neoseiulus californicus (McGregor) and Amblyseius swirskii Athias-Henriot consumed higher
numbers of older eggs of T. urticae Koch than the younger eggs of this spider mite. Inter-
estingly, in an experiment by Cavalcante et al. [59], A. swirski consumed more younger
eggs (up to 24 h of age) than older eggs of Bemisia tabaci (Gennadius). Moreover, when
feeding on the younger eggs of this hemipteran insect, it had a higher oviposition rate than
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on its older eggs. However, when given a choice, the predator was clearly attracted to the
older B. tabaci eggs despite the higher suitability of the younger eggs. Therefore, in order to
confirm the hypothesis of the greater nutritional value of the younger D. hydei eggs and
their possible attractiveness for B. mali further tests are necessary to examine the fecundity
of the predator fed on these eggs and their choice by the predator.

Our research to date has shown that B. mali can not only be ectoparasitically associated
with drosophilid fruit flies during dispersal [9], but, as it has been demonstrated in this
study, they can also prey upon eggs laid by their fruit fly host. However, to assess how
much egg predation by B. mali, negatively affects the fitness of their insect hosts, further
investigations are needed, including studies on the food preferences of B. mali not only in
relation to drosophilid fruit fly eggs, larvae (which can be hidden within the substrate), or
pupae but also other potential prey of this predator co-occurring in colonies of these flies.
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