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Abstract
Compost piles serve as important habitats for various insect groups, including decom­
posers, predators, and parasitoids. While drosophilid fruit flies play a crucial role in 
organic matter recycling, the variation of their abundance and diversity in composters 
remains poorly understood. This study examines fruit fly assemblages across three compost 
localities in Poland: two orchards in Dąbrowice and Nowy Dwór-Parcela, and a vegetable- 
-fruit farm in Skierniewice. Insects, collected using sweep netting and traps, varied in abun­
dance. Dipteran flies were the most prevalent, representing 25 families, followed by beetles, 
bees, and wasps. Thrips and earwigs were the least represented. With 16 species from three 
genera, drosophilids were the predominant group, making up 95.6% of all specimens. 
These included seven cosmopolitan species, namely Drosophila melanogaster, D. hydei, 
D. immigrans, D. buskii, D. repleta, D. simulans, and Scaptomyza pallida, and three alien 
species, D. suzukii, Chymomyza amoena, and D. triauraria, the latter being a new Asian 
species recently reported in Poland and Europe. In addition to D. suzukii, another sig­
nificant pest, Carpophilus hemipterus, was also recorded in the compost piles. Most spe­
cies were fruit breeders or decaying plant material inhabitants, while others were myce­
tophagous (D. testacea, D. transversa, D. phalerata, D. funebris) or frugivorous-fungivorous 
(D. subobscura). Shannon-Wiener diversity indexes ranged between 1.1 and 1.4 across three 
localities, with the highest drosophilid diversity found at the Skierniewice farm. Drosophila 
melanogaster was the most numerous fruit fly at all the examined compost piles, while the 
relative abundance of other species depended on the composter site. These findings empha­
size composters as underexplored hotspots for drosophilids, directing further study of their 
ecological niches and the potential presence of pest species.
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Introduction

Biodiversity is crucial for the overall health of an eco­
system (Hough 2014). Insects contribute significantly 
to the biodiversity of terrestrial ecosystems, playing an 
essential role in maintaining ecosystem functions and 
stability (Weisser and Siemann 2008). Among Diptera, 
the Drosophilidae family is renowned for its excep­
tional ecological diversity, with 4,758 species world­
wide (Bächli et al. 2004; Finet et al. 2021; Taxodros 

2025). Their larvae live in various substrates, such as 
fermenting and decaying fruits, tree sap, mushrooms, 
litter, living flowers and leaves, and take part in the re­
cycling of organic matter. Fruit flies feed mainly upon 
microorganisms, that is, yeast and bacteria responsible 
for fermentation processes, but also upon the decom­
posing material itself (Markow and O’Grady 2008). 
They can also act as predators, and consume bee larvae, 
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scale insects, and even spider and frog embryos (Ash­
burner 2005; Grimaldi and Richenbacher 2023). Some 
species are endemic, others cosmopolitan (Bächli et al. 
2004; Markow and O’Grady 2006). Their widespread 
distribution and ease of sampling make them ideal in­
dicators for monitoring anthropogenic disturbances 
(Mata et al. 2010). 

The invasion of new environments by non-native 
species poses a significant threat to biodiversity, es­
pecially in natural and human-modified ecosystems 
(Wilcove et al. 1998; Pyšek et al. 2020). In Europe, 
invasive species like Drosophila suzukii Matsumura 
and Chymomyza amoena Loew are reshaping native 
Drosophilidae communities and disrupting the eco­
logical balance of the local fauna (Deconninck et al. 
2024). Another alien drosophilid species, Drosophila 
triauraria Bock and Wheeler 1972, has recently been 
reported in Poland and Europe (Michalska et al. 2025). 
The invasion of such alien species may cause native 
species to decline or even become locally extinct, as 
they may be outcompeted for food or breeding sites 
(David et al. 2017; Ribeiro et al. 2023). Across the vast 
Palearctic region, up to 1,730 species of drosophilids 
have been documented (Plotnikov et al. 2013). Over 
the past 45 years, significant efforts have been made 
to study drosophilid diversity in southeastern Europe. 
Research has been conducted at more than 60 geo­
graphic locations in Bosnia and Herzegovina, Croatia, 
Macedonia, Slovenia, Montenegro, and Serbia (Pajač- 
-Živković et al. 2016).

Compost heaps, rich in rotting organic matter near 
orchards and wineries, serve as warm, nutrient-rich 
breeding habitats for diverse arthropod communities 
and attract numerous fly species, especially drosophi­
lids (Goulson et al., 1999; Ødegaard and Tømmerås, 
2000; Bal et al., 2017). Feeding on different fruit types 
may provide cold tolerance to  Drosophila  species 
(Henry et al., 2020; Jiménez-Padilla et al., 2020). These 
conditions also allow invasive species to establish and 
expand their populations, often dominating native 
fruit flies and disrupting local ecosystems (Decon­
ninck et al. 2024; 2025).

Despite extensive research on drosophilid biodi­
versity and their interactions with fallen or decompos­
ing fruits and vegetables in various regions worldwide, 
there is a noticeable lack of such studies from Poland. 
While regions like the neotropics and North America 
have been well-documented (Hochmüller et al. 2010; 
Emerich et al. 2012; Miller et al. 2017), with detailed 
investigations into both native and invasive drosophi­
lid species, Poland’s drosophilid fauna remains under­
explored (Kovalenko et al. 2017, 2021). Drosophilid 
assemblages at composters are especially interesting 
in this respect, constituting “biodiversity islands” that 
may attract insects from different trophic levels.

This lack of data poses a challenge to fully under­
standing the country’s local biodiversity, particularly in 
rotting fruits, which might support drosophilid popu­
lations or even facilitate the spread of invasive species 
like D. suzukii and Ch. amoena. Addressing this gap 
through focused research would prove crucial for the 
development of effective conservation strategies and 
management of potential agricultural pests, thus con­
tributing to a more comprehensive understanding of 
drosophilid dynamics on a global scale. 

The study aimed to evaluate the status, abundance 
and biodiversity of Drosophilidae species in compost 
piles from three localities in Poland: two orchards and 
one vegetable and fruit farm, where compost was piled 
up after the harvesting phase. Some other dipterans 
and insects from different orders captured in the traps 
and netting were also determined.

Materials and Methods

Study sites

The study was conducted at three locations in Łódzkie 
voivodeship: two orchards and one fruit and vegetable 
farm belonging to the Institute of Horticulture in Skier­
niewice. The fruit and vegetable farm in Skierniewice 
(51°57’47”N 20°09’58”E) was conventional and covered 
an area of 59 hectares. The compost heap, with the ap­
proximate dimensions of 20 m (L) × 6 m (W) × 4 m (H), 
was composed of relatively dry peat, soil, straw, and 
vegetable waste, including cucumbers, cabbage, toma­
toes and rotting apples, and was surrounded by wal­
nut, apple and oak trees as well as climbing clematis 
(Fig. 1A, B). The orchard at Dąbrowice (51°54’46”N 
20°06’54”E) was also conventional, and extended over 
an area of 70 hectares, on which apple, pear, plum, 
apricot, sour and sweet cherry, bird cherry, blueber­
ry, Kamchatka honeysuckle, grapes and cornel were 
grown. The compost pile, measuring approximately 
2 m (L) × 1.7 m (W) × 0.4 m (H), was located in the 
middle of a small, deciduous, swampy forest at the edge 
of the orchard, in close proximity to a plot of highbush 
blueberries (Fig. 1C). The composter was rich in rot­
ting apples, pears, plums and apricots, and surrounded 
by alder, bird cherry, elm, oak and birch trees as well 
as elderberry bushes (Fig. 1C). The 5-hectare orchard 
at Nowy Dwór-Pacela (51°52’12”N 20°14’57”E) was 
organic (Fig. 1D), and consisted of apple, plum, pear, 
peach, aronia, grape, Kamchatka honeysuckle and 
strawberry plots. The composter was located at the 
edge of the orchard near a thicket of elm and hazel trees, 
within dense vegetation, including nettles, goldenrod, 
wormwood and impatiens. It measured approximately 
1.5 m (L) × 1.5 m (W) × 0.6 m (H). The composter was 
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mainly filled with rotting plums, sweet cherries and 
blueberry drops, all covered by cut twigs and branches 
of deciduous trees (Fig. 1D). All the study sites were in 
close vicinity to each other. The Skierniewice farm was 
located 6.6 km from Dąbrowice and 11.7 km from the 
Nowy Dwór-Parcela orchard. The latter two orchards 
lay 10.3 km apart (Google-Maps 2025).

Sampling and identification

The sampling was conducted from September 1 to 13, 
2023. Flies were captured using a sweep net and traps. 
An entomological net with a 24 cm diameter rim, 
a 37 cm long handle, and a 47 cm deep nylon cloth, 
modified from the design by Markow and O’Grady 
(2006), was used to catch flies on September 1st and 
7th, 2023. Insects were captured by sweep netting in 
the morning from 9:30 am to 11:30 am. Sampling in­
volved 18–20 net hits over the compost heaps. Four 
samples were taken at each location and date, and 
insects were transferred from the net to plastic string 
bags. Specimens were collected from the bags us­
ing an aspirator and then preserved in 70% ethanol. 
Two commercial drosophilid traps, Drososan (Kop­
pert) and No Pest Fruit Fly Trap (Odstarszanie.pl), 
were employed for insect catching. Both traps used 
liquid baits that caused the flies and other insects to 
drown. Traps were installed around composters twice, 
on September 1 and 7. Each time, they were removed 
after a week and transported to the laboratory. Their 
positions were shuffled after a week. The insects were 
transferred from the traps to 70% ethanol, then count­
ed and identified using a stereo binocular microscope 
connected to a cold light source. Drosophilid fruit fly 
species were identified following keys from Bächli 
et al. (2004), Markow and O’Grady (2006) and Werner 

and Jaenike (2017), while other Diptera, Coleoptera, 
Hymenoptera, Thysanoptera, and Dermaptera were 
determined to family level using keys by Marshall et al. 
(2016), Unwin (1985), Richards (1977), Cannings and 
Scudder (2005a, b), respectively. Furthermore, three 
nitidulid beetles were identified to the species level us­
ing taxonomic keys by Jelínek et al. (2010). The dissec­
tion and identification of drosophilid terminalia were 
conducted in potassium hydroxide (KOH) and abso­
lute ethanol 1:1 following the EPPO (2013) procedure. 
Weather’s record for the 1st two weeks of September 
2023, from the local meteorological station in Skier­
niewice, showed that maximum daily temperatures 
fluctuated between 21.3°C and 31.9°C, while mini­
mum daily temperatures ranged from 8.6°C to 15.0°C. 
The average daily temperatures varied within the range 
of 15.4°C to 21.7°C. Before the study, it was rainy but 
generally sunny and dry during the sampling phase. 
The relative humidity remained between 68% and 78% 
(IMWM-PIB, 2023).

Diversity estimation

To estimate the diversity of the drosophilid community 
in the composters, data obtained during two periods of 
insect trapping (Sept., 1–7 and Sept. 7–13, 2023) was 
pooled from each location. The analysis adopted the 
following calculation methods: 

– The Shannon–Wiener diversity index (H) (Spell­
erberg and Fedor 2003):

H = − ∑ 𝑝𝑝𝑖𝑖 ln 𝑝𝑝𝑖𝑖
𝑆𝑆
𝑖𝑖=1 , 

 

D′ = 1 − D = 1 − ∑ 𝑝𝑝𝑖𝑖
2𝑠𝑠

𝑖𝑖=1 , 

 

𝐽𝐽 =  𝐻𝐻′
ln(𝑆𝑆) , = 

 

𝑃𝑃𝑖𝑖 =  𝑁𝑁𝑖𝑖
𝑁𝑁  , 

where: pi is the proportion (n/N) of individuals of 
a particular species (n) divided by the total number of 
individuals of all the species present in a record (N); 

Fig. 1. Compost piles studied: A, B – Skierniewice fruit and vegetable crop; C – Dąbrowice orchard; D – Nowy Dwór-Parcela orchard, 
September 2023
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ln is the natural log; ∑ is the sum of all the calculations; 
S is the total number of species in the community; 
and i is a particular species (ranging from 1 to S). The 
index considers both the number of species present 
(richness) and the evenness of their distribution. The 
higher the Shannon–Wiener index value, the greater 
the community diversity and vice versa.

– The Simpson index (1 – D) (Simpson 1949): 
H = − ∑ 𝑝𝑝𝑖𝑖 ln 𝑝𝑝𝑖𝑖

𝑆𝑆
𝑖𝑖=1 , 

 

D′ = 1 − D = 1 − ∑ 𝑝𝑝𝑖𝑖
2𝑠𝑠

𝑖𝑖=1 , 

 

𝐽𝐽 =  𝐻𝐻′
ln(𝑆𝑆) , = 

 

𝑃𝑃𝑖𝑖 =  𝑁𝑁𝑖𝑖
𝑁𝑁  , 

where: pi is the proportion (n/N) of individuals of 
a particular species (n) divided by the total number of 
individuals of all the species present in a record (N); 
∑ is the sum of the calculations; and S is the number of 
species in the community; and i is a particular species 
(ranging from 1 to S). The index ranges from 0 to 1, 
where 0 indicates no diversity, and 1 indicates infinite 
diversity. Higher values indicate greater diversity.

– Pielou’s evenness index (J) (Zhang et al. 2012): 

H = − ∑ 𝑝𝑝𝑖𝑖 ln 𝑝𝑝𝑖𝑖
𝑆𝑆
𝑖𝑖=1 , 

 

D′ = 1 − D = 1 − ∑ 𝑝𝑝𝑖𝑖
2𝑠𝑠

𝑖𝑖=1 , 

 

𝐽𝐽 =  𝐻𝐻′
ln(𝑆𝑆) , = 

 

𝑃𝑃𝑖𝑖 =  𝑁𝑁𝑖𝑖
𝑁𝑁  , 

where: H’ represents the observed value of the Shan­
non index, and S is the total number of species ob­
served. This is a measure of how evenly species are dis­
tributed within a community. The index ranges from 
0 to 1, where 0 indicates perfect unevenness (one spe­
cies dominates), and 1 indicates ideal evenness (all 
species have equal abundance).

– Relative abundance of the i-th species (Pi) (Liu 
et al. 2021)

H = − ∑ 𝑝𝑝𝑖𝑖 ln 𝑝𝑝𝑖𝑖
𝑆𝑆
𝑖𝑖=1 , 

 

D′ = 1 − D = 1 − ∑ 𝑝𝑝𝑖𝑖
2𝑠𝑠

𝑖𝑖=1 , 

 

𝐽𝐽 =  𝐻𝐻′
ln(𝑆𝑆) , = 

 

𝑃𝑃𝑖𝑖 =  𝑁𝑁𝑖𝑖
𝑁𝑁  , 

where: Ni is the number of individuals of the i-th spe­
cies, and N is the total number of individuals.

The calculations of biodiversity parameters were 
performed using R 4.4.2 with the VEGAN package 
(Oksanen et al. 2024).

Results

Faunistic composition of drosophilids  
and other insects in three localities

A total of 18,915 insects, representing five orders and 
38 families, were sampled through netting and trap­
ping from the three compost locations (Table 1). 
Among them, 18,088 individuals were drosophilid 
fruit flies, which made up 95.6% of all specimens col­
lected. The remaining 827 insects were other dipte­
rans (3.67%), coleopterans (0.43%), hymenopterans 
(0.19%), thysanopterans (0.06%) and dermapterans 
(0.01%) (Table 1). 

Using trapping and sweep netting, 16 species were 
collected from the family Drosophilidae (Table 2), 
including seven cosmopolitan and domestic species, 
namely D. melanogaster Meigen, D. hydei Sturtevant, 
D. immigrans Sturtevant, D. buskii Coquillett, D. reple­
ta Wollaston, D. simulans Sturtevant and Scaptomyza 
pallida Zetterstedt, and three exotic species, i.e., D. su­
zukii, Ch. amoena and D. triauraria. The latter was re­
cently identified molecularly and morphologically by 
the Michalska et al. (2025) (Table 2, Fig. 2A). 

Traps captured more drosophilids than sweep 
netting, both in terms of individuals and species 
(15 species recorded in traps and nine in netting). 
Only one fruit fly species, S. pallida, was collected by 
sweep netting, but was not found in traps. The total 
number of drosophilids collected differed between the 
three localities (Table 2). The highest number of fruit 
flies, both trapped and sweep netted, were caught at 
the compost pile in the Dąbrowice orchard (61.17%), 
followed by Nowy Dwór-Parcela (31.54%) and Ski­
erniewice (7.28%).

Some non-target insects belonging to various 
orders and families were also caught by sweep net­
ting and trapping (Table 1). Twenty-four dipteran 
families were collected, among which sphaerocerids 
and scatopsids were the most abundant. More than 
200 sphaerocerid flies were caught by a sweep net at 
the compost pile in Skierniewice. A similarly high 
number of scatopsids were trapped at the compost 
pile in Nowy Dwór-Parcela. Flies from Anisopodidae, 
Sciaridae, Tachinidae, Lonchaeidae, Calliphoridae, 
and Phoridae families were caught in all localities but 
in much smaller numbers, from a few up to a dozen 
individuals, and mostly by trapping. Specimens from 
the remaining fly families were collected only sporadi­
cally by trapping and sweep netting (Table 1). The col­
lected beetles belonged to five families. Three nitidulid 
species were identified: Carpophilus hemipterus (L) 
(Fig. 2D, E), Glischrochilus quadrisignatus (Say) (Fig. 2B) 
and Epuarea unicolor (Oliver) (Fig. 2C). These were 
the most numerous and trapped in all locations, with 
the highest number at the compost pile in Dąbrowice. 
Staphylinid beetles were trapped in much smaller num­
bers both in Dąbrowice and Nowy Dwór-Parcela. Only 
single individuals were collected from other coleopte­
ran families: Monotomidae, Ptiliidae, and Carabidae. 
In this collection, hymenopterans were represented by 
five families, among which ants (Formicidae) were re­
corded in traps in Dąbrowice and Nowy Dwór-Parcela 
orchards, while braconid wasps were caught in all three 
locations and sampled by both sweep netting and trap­
ping, in the highest number in the Dąbrowice orchard 
(Table 1). A few cynipids were also collected at compost­
ers in Dąbrowice and Skierniewice, and a single bee and 
a few wasps in the Nowy Dwór-Parcela orchard and 
Skierniewice farm. Furthermore, among the other 
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insects, thrips (Thripidae) were also trapped, but only 
at the compost pile in Skierniewice. The order Der­
maptera was represented by only two Forficulidae 
specimens trapped in the Dąbrowice orchard (Table 1). 

Species diversity and relative abundance  
of drosophilids

As shown in Table 3, the community of fruit flies 
trapped at the composter of the fruit and vegetable 

Table 1. Faunistic composition of insect orders collected in September 2023 by trapping and sweep netting at three compost localities 
in Łódzkie voivodeship: Skierniewice fruit and vegetable farm (S), Dąbrowice orchard (D) and Nowy Dwór-Parcela orchard (N)

Order Family

Number of insects caught 

netting trapping
total

N D S N D S

Diptera

Drosophilidae 1110 1244 304 4595 9821 1014 18088

Scatopsidae 0 0 4 258 12 11 285

Sphaeroceridae 3 3 213 0 1 7 227

Sciaridae 2 2 3 9 2 18 36

Anisopodidae 0 0 0 13 14 1 28

Tachinidae 0 0 1 19 0 4 24

Lonchaeidae 0 0 0 3 0 16 19

Calliphoridae 0 0 0 11 0 2 13

Phoridae 0 0 0 5 4 2 11

Chloropidae 3 0 1 6 0 3 13

Milichiidae 0 0 0 1 0 6 7

Psychodidae 0 1 0 0 1 5 7

Ulidiidae 0 0 4 0 0 0 4

Heleomyzidae 0 0 0 0 3 0 3

Dolichopodidae 0 0 0 0 0 3 3

Muscidae 0 0 0 0 1 2 3

Dryomyzidae 0 1 0 0 2 0 3

Mycetophilidae 0 0 0 1 1 0 2

Ceratopogonidae 0 0 0 0 0 1 1

Cecidomyiidae 0 0 0 1 0 0 1

Scathophagidae 0 0 1 0 0 0 1

Sepsidae 0 0 1 0 0 0 1

Asteiidae 0 0 1 0 0 0 1

Syrphidae 1 0 0 0 0 0 1

Hybotidae 1 0 0 0 0 0 1

Coleoptera

Nitidulidae 0 0 0 8 54 6 68

Staphylinidae 0 0 1 0 8 2 11

Monotomidae 0 0 0 0 0 1 1

Ptiliidae 0 0 0 0 0 1 1

Carabidae 0 0 0 1 0 0 1

Hymenoptera

Formicidae 0 0 0 7 3 0 10

Cynipidae 0 0 1 0 4 3 8

Braconidae 2 4 1 0 6 1 14

Vespidae 0 0 0 3 0 0 3

Apidae 0 0 0 0 0 1 1

Thysanoptera Thripidae 0 0 1 0 0 11 12

Dermaptera Forficulidae 0 0 0 0 2 0 1

Total 1122 1255 537 4941 9939 1121 18915
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Table 2. Faunistic composition of drosophilid fruit flies collected in September 2023 by trapping and sweep netting at three compost 
localities in Łódzkie voivodeship: Skierniewice fruit and vegetable farm (S), Dąbrowice orchard (D) and Nowy Dwór-Parcela orchard (N)

Species

Number of insects captured
Ecological  

characteristics
References

netting trapping

N D S N D S

Drosophila melanogaster  
Meigen

872 963 54 2743 4137 370
cosmopolitan, domes-

tic, predominantly 
decaying fruit breeder

Bächli et al. (2004); 
Zatwarnicki 

(2007)

D. hydei Sturtevant 178 181 88 113 4075 113
cosmopolitan, domes-

tic, predominantly 
decaying fruit breeder

Bächli et al. (2004);  
Kovalenko et al. 

(2017; 2021)

D. subobscura Fallèn 0 56 5 1099 1243 23

widespread palaearctic 
species, introduced to 

both Americas, frugivo-
rous and fungivorous

Shorrocks (1977);  
Bächli et al. (2004);

Zatwarnicki 
(2007)

D. immigrans Sturtevant 56 33 34 509 127 190

cosmopolitan, domes-
tic, in decaying plant 

material, predominant-
ly fruit breeder

Bächli et al. (2004);
Kovalenko et al. 

(2017; 2021)

D. busckii Coquillett 0 0 117 10 32 316

cosmopolitan, domes-
tic, in decaying plant 
material, milk, eggs, 

etc.

Bächli et al. (2004);  
Zatwarnicki 

(2007)

D. suzukii Matsumura 1 3 0 71 158 0

invasive, native to 
Eastern and Southeast-
ern Asia, oviposits into 
ripening fruit, less fre-
quently into wounded 

or fermenting fruit

Cini et al. (2014);
Łabanowska and 
Piotrowski (2015);

Kienzle et al. 
(2020);  

Deconninck et al. 
(2024)

D. repleta Wollaston 0 0 0 5 18 1

cosmopolitan, domes-
tic, in decaying plant 
material and mush-

rooms

Bächli et al. (2004); 
Zatwarnicki 

(2007)

D. triauraria Bock & Wheeler 0 0 0 24 2 0
invasive, native to 
Japan and Korea,  

fruit breeder

Minami (1979); 
Michalska et al. 

(2025)

D. phalerata Meigen 0 0 0 8 9 0
widespread palaearctic 

species,  
fungus breeder

Bächli et al. (2004); 
Zatwarnicki 

(2007)

D. funebris Fabricius 2 0 5 5 7 0

palearctic species, 
global human com-
mensal, facultative 

fungus breeder,  
attracted to decaying 

plant matter

Zatwarnicki 
(2007); Obbard 

(2023)

D. testacea Van Roser 1 8 0 5 6 0
widespread palaearctic 

species, mushroom 
breeder

Bächli et al. (2004)

Chymomyza amoena Loew 0 0 0 0 6 0
invasive, nearctic fruit 

breeder

Band et al. (2005); 
Zatwarnicki 

(2007); Decon-
ninck et al. (2024)

D. transversa Fallèn 0 0 0 1 1 0
widespread holarctic 
species, mushroom 

feeder

Bächli et al. (2004); 
Zatwarnicki 

(2007)

D. simulans Sturtevant 0 0 0 2 0 0
cosmopolitan, domes-
tic, predominantly fruit 

breeder

Bächli et al. (2004); 
Kovalenko et al. 

(2017; 2021)
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farm in Skierniewice was the most diverse, as indicated 
by a Shannon-Wiener index of 1.389, a Simpson’s in­
dex of 0.722, and a Pielou’s evenness index of 0.510. In 
the Nowy Dwór-Parcela orchard, all indexes had lower 
values. The lowest were recorded in the Dąbrowice or­
chard, indicating that the fruit fly community was the 
least diverse in this location. 

Drosophila melanogaster was the most abundant 
species trapped across all three locations, while other 
fruit flies showed location-specific variations (Table 4). 
The relative abundance of D. melanogaster was nearly 

60% in the orchard at Nowy Dwór-Parcela, 42% in the 
Dąbrowice orchard and 36% in the Skierniewice fruit 
and vegetable farm. In Skierniewice, D. busckii (31%) 
was the second most abundant drosophilid species, 
followed by D. immigrans and D. hydei. At the compost 
pile in the Dąbrowice orchard, D. hydei (41%) was the 
second most numerous species, followed by D. subob­
scura and D. suzukii. In the Nowy Dwór-Parcela or­
chard, D. subobscura (23.9%) and D. immigrans (11%) 
were the most abundant after D. melanogaster. Dros­
ophila simulans was only found in Nowy Dwór-Parcela, 

Fig. 2. Examples of insect species caught at composters: A – Drosophila triauraria (female with wings removed); B – Glischrochilus 
quadrisignatus; C – Epuarea unicolor; D, E – dorsal and ventral side of Carpophilus hemipterus 

Species

Number of insects captured
Ecological  

characteristics
References

netting trapping

N D S N D S

Hitrodrosophila sp. 0 0 0 0 0 1
Zatwarnicki 

(2007)

Scaptomyza pallida  
Zetterstedt

0 0 1 0 0 0

cosmopolitan, do-
mestic, attracted to 

decaying plant matter 
(e.g. potato or beet), 

especially abundant in 
damp meadows and 

deciduous woods

Máca (1972); 
Bächli et al. (2004); 

Zatwarnicki 
(2007)

Total 1110 1244 304 4595 9821 1014

Table 2. Faunistic composition of drosophilid fruit flies collected in September 2023 by trapping and sweep netting at three compost 
localities in Łódzkie voivodeship: Skierniewice fruit and vegetable farm (S), Dąbrowice orchard (D) and Nowy Dwór-Parcela orchard 
(N) – continuation
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Table 3. Species diversity indexes for drosophilids caught in traps at three composter localities in Łódzkie voivodeship, 
1–13 September 2023

Index
Locality

Dąbrowice Nowy Dwór-Parcela Skierniewice

Shannon 1.167 1.126 1.389

Simpson 0.634 0.573 0.722

Pielou’s Evenness 0.272 0.319 0.510

Number of species 13 13 7

Table 4. Relative abundance (%) of fruit flies trapped at three composter localities in Łódzkie voivodeship, 1–13 September 2023

Species
Relative abundance [%] of drosophilids in different localities

Nowy Dwór-Parcela Dąbrowice Skierniewice

D. melanogaster 59.69 42.12 36.49

D. hydei 2.46 41.49 11.14

D. subobscura 23.92 12.66 2.27

D. immigrans 11.08 1.29 18.74

D. busckii 0.22 0.33 31.16

D. suzukii 1.55 1.61 0

D. triauraria 0.52 0.02 0

D. repleta 0.11 0.18 0.1

D. phalerata 0.17 0.09 0

D. funebris 0.11 0.07 0

D. testacea 0.11 0.06 0

Ch.  amoena 0 0.06 0

D. transversa 0.02 0.01 0

D. simulans 0.04 0 0

Hitrodrosophila sps. 0 0 0.1

and its abundance was only 0.04%. Interestingly, in 
Nowy Dwór-Parcela, the alien species D. triauraria 
(0.46%) was in 7th place on the list of relative abun­
dance of fruit fly species (just after the invasive D. su­
zukii), overtaking the invasive Ch. amoena and several 
native drosophilids found in this location (Table 4).

Discussion

In this study, drosophilid fruit flies accounted for 95.6% 
of all insects captured at composters using a sweep net 
or traps. Among other insects collected, flies, then 
beetles, bees and wasps were the most numerous, while 
thrips and earwigs were the least prevalent. Overall,  
16 species of drosophilids were collected, including 
seven cosmopolitan and domestic species, i.e., D. me­
lanogaster, D. hydei, D. immigrans, D. buskii, D. repleta 
D. simulans and S. pallida, and three exotic species: 
D. suzukii, Ch. amoena and D. triauraria. The fruit fly 

assemblage was the most diverse at the compost pile of 
the Skierniewice farm. Of all the trapped fruit fly spe­
cies, D. melanogaster was dominant, with the highest 
relative abundance at all examined composters. Other 
cosmopolitan and domestic species, such as D. hydei, 
D. buskii and D. immigrans, as well as the frugivorous 
D. subobscura, were also numerous, though their rela­
tive abundance depended on the locality.

As in other orchards or vineyards (Delbac et al. 
2020; Zengin 2020; Başpınar et al. 2022), drosophilid 
fruit fly communities on compost piles in Dąbrowice 
and Nowy Dwór-Parcela orchards as well as the fruit 
and vegetable farm in Skierniewice were dominated 
by cosmopolitan and domestic species. This con­
trasts with fruit fly assemblages in natural biotopes, 
where synanthropic species appear only accidentally, 
through migration or wind transportation from hu­
man habitats (Gornostaev et al. 2023). Drosophila mel­
anogaster was the most abundant cosmopolitan spe­
cies at all three localities, although closely followed by 
D. hydei in Dąbrowice. Both species are predominantly 



Michalska K. et al.: Diversity and abundance of drosophilid fruit flies … 9

frugivorous (Bächli et al. 2004); they come from the 
tropics, but in a temperate climate they can overwinter 
well in buildings (Spencer 1941; Gleason et al. 2019). 
Drosophila simulans, another tropical, common fruit 
breeding species, closely related to D. melanogaster 
(Bächli et al. 2004; Capy and Gilbert 2004), occurred 
only in Nowy Dwór-Parcela and had a very low popu­
lation density. This species usually dominates over 
D. melanogaster in orchards in the southern part of 
the Northern Hemisphere, but in the north, due to its 
greater sensitivity to cold, it is replaced by D. mela­
nogaster (Gleason et al. 2019). Drosophila immigrans, 
another cosmopolitan species, feeds on fruit and other 
organic substances (Bächli et al. 2004); it hides in hous­
es when winters are severe but can overwinter outside 
during mild winters (Spencer 1940). This fruit fly was 
relatively abundant both on the Skierniewice farm 
and in the orchards, especially Nowy Dwór-Parcela. 
The neighborhood of small forests in Dąbrowice and 
Nowy Dwór-Parcela might have favored the occur­
rence of fungus breeders, i.e., D. testacea, D. transversa, 
D. phalerata, and D. funebris (Bächli et al. 2004). Basid­
iomycetes, which mainly occur in forests, are a major 
food source for fungivorous drosophilids (Shorrocks 
1977; Shorrocks and Charlesworth 1980; Delbac et al. 
2020). These species were absent on the Skierniewice 
farm, which lacked such a semi-natural environment 
in its vicinity.

In this study, the composters differed markedly 
in the type of organic matter stored, which may have 
influenced species composition. Storage of vegeta­
bles such as tomato, cucumber, cabbage and onion in 
Skierniewice may have contributed to the occurrence of 
D. busckii, which often inhabits rotting vegetables, e.g., 
cruciferous vegetables, garlic, onion or tomato (Bächli 
et al. 2004; Szwejda 2023). By contrast, D. subobscura, 
which is a frugivorous and fungivorous species (Bächli 
et al. 2004), was abundant in the Dąbrowice and Nowy 
Dwór-Parcela orchards. This fruit fly is tolerant to cold 
and is commonly found in orchards in other European 
countries. As a specialist of fruit decomposition, it may 
dominate other species, e.g., D. melanogaster or D. su­
zukii (Delbac et al. 2020; Başpınar et al. 2022; Decon­
ninck et al. 2024). As shown by Deconninck et al. 
(2024), the texture and biochemical properties of the 
fruit, such as pH and sugar content, can determine the 
preferences and abundance of fruit flies at a particular 
site. For example, D. melanogaster opts for sweet and 
relatively acidic fruits, while Ch. amoena or D. subob­
scura prefer to oviposit and develop in fruits with lower 
acidity and sugar content (Deconninck et al. 2024). 

Three invasive, frugivorous species, D. suzukii, 
Ch. amoena and D. triauraria, were recorded in the 
Dąbrowice and Nowy Dwór-Parcela orchards. Dro­
sophila suzukii is an important fruit pest, first record­
ed in Poland by Łabanowska and Piotrowski (2015). 

Although it prefers ripe but undamaged fruit, it can 
also use rotting fruit after harvest (Kienzle et al. 2020). 
For comparison, Ch. amoena or D. triauraria are not 
pests, as they breed only in damaged fruit, but, like 
D. suzukii, they are polyphagous and can compete with 
D. suzukii over fallen fruit in the autumn (Mitsui et al. 
2010; Deconninck et al. 2024). Chymomyza amoena 
is a Nearctic species native to North America, first re­
corded in Poland in 1974 (Nowakowski 1991; Decon­
ninck et al. 2024), while D. triauraria is a newly re­
ported alien species of Asian origin, most presumably 
introduced to Poland with plant material (Michalska 
et al. 2025). It belongs to the auraria species complex 
and montium group, which has never been recorded 
in Europe. The fruit fly was trapped during two sea­
sons (2023 and 2024) at the Nowy Dwór-Parcela 
and Dąbrowice compost piles, which suggests that 
its population is likely to be established in Poland in 
the future (Michalska et al. 2025). Current research 
shows that it can be more abundant than several na­
tive drosophilids, suggesting that it may threaten fruit 
flies’ biodiversity in the future. This should be further 
investigated.

The richness and diversity of drosophilid commu­
nities are usually much lower in semi-natural envi­
ronments or in crops than they are in the wild forests 
(Zengin 2020; Gornostaev et al. 2023). This also ap­
pears to be confirmed by the present study. The num­
ber of drosophilid species was 13 at the compost piles 
of the Dąbrowice and Nowy Dwór-Parcela orchards 
and 11 in Skierniewice. The Shannon–Weaver index 
values ranged between 1.1 and 1.4. By contrast, in the 
Mordovia State Nature Reserve (European Russia), 
34 species of drosophilids were noted, and the Shan­
non–Weaver index reached a value above three (Gor­
nostaev et al. 2023). It must be stressed, however, that 
diversity indexes can be influenced by many factors, 
including the study area, frequency of samplings and 
season (see e.g., Gornostaev et al. 2024). Thus, further 
studies are required to fully estimate the diversity of 
fruit flies’ assemblages at compost piles and the envi­
ronmental factors influencing the variations in species 
diversity between composters.

In orchards or vegetable crops, apart from droso­
philids, other insects from different trophic levels are 
usually present, flies being the most numerous taxon 
(Andreadis et al. 2015; Başpınar et al. 2022; Szwejda 
2023). Similarly, in this study, dipterans were the most 
numerous in terms of species richness and quantity. 
Especially many Sphaeroceridae were caught on the 
Skierniewice fruit and vegetable farm. Flies belonging 
to this family are mostly coprophagous, but decom­
posing species are also common (Marchiori 2022). In 
turn, in Nowy Dwór-Parcela, scatopsids were the most 
abundant dipterans, immatures of which are known 
to be saprophagous and develop in various decaying 
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organic matter (Haenni and Vaillant 1994). Beetles 
from the Nitidulidae family are also worthy of at­
tention, and were especially abundant in Dąbrowice. 
Overall, three species were identified, i.e., C. hemipter­
us, G. quadrisignatus and E. unicolor, which are known 
to be attracted by fermenting organic matter. Interest­
ingly, while E. unicolor is a native species (Jankowiak 
et al. 2019; Avidal 2024), C. hemiterus comes from 
tropical and subtropical regions (Kałmuk and Paw­
łowski 2024) and G. quadrisignatus from North 
America (Kałmuk et al. 2024). Both alien nitidulids are 
cosmopolitan and already established in Poland. Fur­
thermore, C. hemipterus is an important pest of stored, 
dried fruits and has been recorded outside warehouses 
(Kałmuk and Pawłowski 2024; Kałmuk et al. 2024). 
Our research also showed that potential predatory 
insects such as carabid and staphylinid beetles, wasps 
and ants, forficulids and parasitoids, including tachi­
nid flies and barconid wasps, may be attracted to com­
posters, where they may prey on other decomposer 
arthropods, thus increasing multitrophic relations and 
biodiversity in the studied crops.

In summary, these preliminary studies indicated 
the ecological significance of compost heaps as habi­
tats of drosophilid fruit flies and many other insect 
taxa, including potential competitors, as well as preda­
tors and parasitoids of these flies. Although compost­
ing plays an important role in the recycling of organic 
waste in horticulture (Franke-Whittle et al. 2019; 
Boros et al. 2022), research on composts as refuges and 
niches for insects, particularly Drosophilidae, is still 
lacking. This study showed that in orchards, compost 
piles can be a source of potential pests like D. suzukii 
or C. hemipterus. This is new evidence that these pests 
can use decaying plant material, and therefore, new 
pest management strategies should be implemented in 
composter environments (Bal et al. 2017; Hooper and 
Grieshop 2020; Deconninck et al. 2024; 2025). Un­
doubtedly, research should be continued and expand­
ed to include sampling during the growing season, at 
other localities and in different seasons. Composters 
should be given special attention, as they appear to be 
hotspots for drosophilids in which exotic and invasive 
pest species are likely to be found. Moreover, further 
research is needed to assess the long-term ecologi­
cal consequences of the presence of invasive species 
for the abundance and diversity of native drosophilid 
species, both in semi-natural (e.g., field margins) and 
natural environments (e.g., forest reserves). 
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