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Abstract. Seasonal rhythms have been found in practically all groups of
insects, but in Diptera they have been studied to a lesser extent. In deciduous
forests of the European part of Russia (Republic of Mordovia, Temnikov
district) seasonal dynamics of Diptera abundance was studied in 9 families
(Tipulidae, Lonchaeidae, Aulacigastridae, Milichiidae, Heleomyzidae,
Anthomyiidae, Muscidae, Fanniidae, Calliphoridae). Two peaks in seasonal
abundance dynamics were characteristic of Tipulidae, Heleomyzidae,
Fanniidae. Anthomyiidae had one peak in early June. Milichiidae had one
peak in July. Muscidae had one peak in mid-August. Lonchaeidae and
Aulacigastridae had a three-peak pattern with the highest abundance in June.
Calliphoridae experienced a gradual increase in abun-dance from June and
had a peak in early September. Numbers of Phaonia pallida (Muscidae) were
at a minimum in June at different heights from the soil surface and gradually
increased with peaks in August and September. The first individuals of
Thricops simplex (Muscidae) did not appear in the traps until the first half
of July. Thereafter its numbers increased very rapidly and reached a
maximum in early September.

1 Introduction

In temperate latitudes, the year is divided into seasons, which differ in the values of abiotic
environmental factors (duration of daylight hours, air, water and soil temperatures, amount
of precipitation). This leads to annual rhythmicity in behavior, reproduction, individual
development and physiological processes of animals [1-5]. The variability of climatic
parameters in recent years causes changes in the ranges of species, their distribution in the
latitudinal direction [6-9]. In addition to range changes, there is another well-studied insect
response to climate change - changes in phenology. Phenological studies are now actively
developing [10, 11]. Ongoing climate change as well as the need to assess the significance
of these changes for natural communities, crops and forestry facilitate the process [12, 13].
The dynamic nature of species and community abundance in ecosystems can provide insight
into temporal changes in communities in different seasons. At the same time, many
parameters of biology and ecology of organisms (reproduction, emergence of adults, etc.) are
determined. Identifying the factors underlying changes in phenology is crucial for
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understanding the effects of global climate change [14—16]. In this case, insect communities
provide models for tracking phenological shifts in species abundance, as temperature
fluctuations and resource availability influence a lot their physiology [14, 17, 18].

Seasonal rhythms have been identified in almost all insect groups, in particular
Coleoptera, Lepidoptera, Hymenoptera and others [19—-27]. The order Diptera is the least
studied of the most numerous groups of insects. Of particular interest is the seasonal
dynamics of Diptera abundance in natural habitats. Seasonal population dynamics of
individual Diptera families differed in five biotopes. The autumn increase in abundance in
all biotopes exceeded the summer peak by several times [28]. Peaks of Tephritidae abundance
were recorded from February to October, coinciding with the phenological stages of fruit
bearing, ripening and harvesting [29]. In the Czech Republic, since mid-April there has been
a sharp increase in the occurrence of mosquito species caused by melting snow. They peaked
in early May, but gradually stopped flying in June [30]. Seasonal Tabanidae activity in France
showed two peaks in abundance, one in late May with some species and one in late August
with other species [31].

The objectives of the study were (1) to investigate the seasonal dynamics of individual
Diptera families at different altitudes in deciduous forests and (2) to study the seasonal
dynamics of two Mucsidae species.

2 Materials and methods

The research was carried out in the Republic of Mordovia (European part of Russia,
Mordovia State Nature Reserve). The Mordovia State Nature Reserve covers an area of
321.62 km2. Forest ecosystems cover 89.3% of the whole area. The territory of the Mordovia
State Nature Reserve is part of a zone of coniferous-broadleaved forests on the border with
the forest-steppe.

The field survey has been carried out in the deciduous forest, consisted of Tilia cordata
(90% of the forest canopy layer) and Quercus robur (10%) with the projective cover of 60%.
Understory layer (projective cover: 70%) is represented by Acer platanoides (projective
cover: 65%), Ulmus glabra (10%), Tilia cordata (40%), Euonymus verrucosus (solitary
plants). Ground layer (projective cover: 85%) consists of Carex pilosa (projective cover:
70%), Mercurialis perennis (5%), Glechoma hederacea (2%), Asarum europaeum (1%).
Other species have projective cover of less than 1%: Aegopodium podagraria, Milium
effusum, Stachys sylvatica, Aconitum septentrionalis, Viola mirabilis, Polygonatum
multiflorum (Liliaceae), Pulmonaria obscura, Geum urbanum, Lathyrus vernus, Rabelera
holostea, Rubus saxatilis, Equisetum sylvaticus, Dryopteris filix-mas, Paris quadrifolia,
Galium odoratum, Anthriscus sylvestris.

Diptera were collected from June to September 2020. In each forest fragment 4 sampling
traps were set at different heights: the forest layer close to the soil surface and grass — 1.5 m
from the soil surface, the undergrowth and shrub layer — 3.5 m from the soil surface, the
lower canopy layer — 7.5 m from the soil surface, the upper canopy layer — 12 m from the
soil surface. Traps were placed on tree branches. To avoid possible marginal effects, the traps
were placed inside forest patches. In total there were four such fragments of deciduous forest.
Each forest patch was located more than 1.5 km away from the other. Thus, these plots
represented individual forest fragments. The total sampling effort amounted to 144 trap
exposures with nine repeats at each height.

All collections were made with traps of simple design. Beer was used as bait. Sugar was
added for digestion [32]. The collected samples were transported in plastic bags containing
70% alcohol from the forest to the laboratory. Samples were sorted and identified in the
laboratory. Sample identification was carried out using a reference book [33].
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3 Results

More than 58,000 specimens and 26 Diptera families were collected and identified. The
maximum number of specimens of all Diptera was captured at 1.5 m, the minimum at 3.5 m
in the undergrowth. In the upper canopy the number of Diptera was second highest. More
than 1000 specimens (total for the season) in traps were represented by the following
families: Tipulidae, Anisopodidae, Lonchaeidae, Milichiidae, Drosophilidae, Fanniidae,
Muscidae, Calliphoridae. Drosophilidae was the most abundant (49.3% of the total number
of specimens). Numbers of 11 families (Tabanidae, Phoridae, Ulidiidae, Platystomatidae,
Pallopteridae, Piophilidaec, Lauxaniidae, Odini-idae, Chloropidae, Scathophagidae,
Sarcophagidae, Tachinidae) were below 100 specimens per season. The other families had
100 to 1000 specimens in traps.

We traced seasonal abundance dynamics at different altitudes in deciduous forests in nine
families whose total abundance for the season was high enough for analysis. The seasonal
abundance cycle for Tipulidae was two-peak (Figure 1). A small peak in abundance was
observed in early June and the highest peak was recorded in mid-August.
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Fig. 1. Seasonal dynamics of Tipulidae abundance at different heights in temperate deciduous forest
(ordinate axis - specimen/day).

Tipulidae was the most abundant at 1.5 m. Numbers of Lonchaeidae were higher during
the season in June, late July and the second half of August (Figure 2). The most abundant
individuals of this family were at a height of 12 m.
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Fig. 2. Seasonal dynamics of Lonchaeidae abundance at different altitudes in temperate deciduous
forest (ordinate axis - specimen/day).

Numbers of Aulacigastridae during the season were also higher in June, late July and the
second half of August (Figure 3).
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Fig. 3. Seasonal dynamics of Aulacigastridae abundance at different altitudes in a deciduous forest in
the temperate zone (ordinate axis - specimen/day).

The family Milichiidae had one significant increase in abundance in July (Figure 4).



E3S Web of Conferences 390, 07024 (2023) https://doi.org/10.1051/e3sconf/202339007024
AGRITECH-VIII 2023

21
18
15
12
9
6
3 I
0 M_= B - =l i | EEm [ T T
o & N Qv Qv S i i >
<,). ’»- /’]/- b. %. Q. b. %- x-
% ")ﬁl & N Q)Q’ ,\,\/ Qﬁ\/ ‘oﬁ’ ‘b"\/
v N o v N S N N S
% %
Il 5m mEEm35m mEmm75m 12 m es—mean

Fig. 4. Seasonal dynamics of Milichiidae abundance at different altitudes in temperate deciduous
forest (ordinate axis - specimen/day).

The seasonal dynamics of Heleomyzidae abundance were two-peak, with peaks in early
June and late August (Figure 5).
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Fig. 5. Seasonal dynamics of Heleomyzidae abundance at different altitudes in temperate deciduous
forest (ordinate axis - specimen/day).

The average abundance of Anthomyiidae at the beginning of June was many times higher
than on subsequent sampling dates. Therefore, despite small increases in abundance in mid-
July and mid-August, it is possible to say that the abundance of this family is single-peak
(Figure 6).
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Fig. 6. Seasonal population dynamics of Anthomyiidae at different altitudes in temperate deciduous
forest (ordinate axis - specimen/day).

The family Fanniidae had two-peak cyclicity of abundance. The first increase in
abundance was obtained in the second half of July and the second more significant one in

mid-August (Figure 7).
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Fig. 7. Seasonal population dynamics of Fanniidae at different altitudes in temperate deciduous forest
(ordinate axis - specimen/day).

Muscidae had one peak in mid-August (Figure 8). In early June the abundance of this
family was very low in all traps.
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Fig. 8. Seasonal dynamics of Muscidae abundance at different altitudes in temperate deciduous forest
(ordinate axis - specimen/day).

The family Calliphoridae was characterized by a gradual increase in abundance from June
and peaked in early September (Figure 9).
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Fig. 9. Seasonal dynamics of abundance of Calliphoridae at different altitudes in temperate deciduous
forest (ordinate axis - specimen/day).

The Muscidae family was second after the Drosophilidae in terms of the total number of
individuals. The total abundance was almost identical at all altitudes. However, differences
were present at the level of individual species. For example, the two species Phaonia pallida
and Thricops simplex dominated in abundance in the samples (Figure 10 and 11).
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Fig. 10. Seasonal dynamics of Phaonia pallida (Muscidae) abundance at different heights in temperate
deciduous forest (ordinate axis - specimen/day).

800
700
600
500
400
300
200
100 I
0 — | | -
(] o A\ A\ Q- S ) N O
R N T O A S RS
/ & NS v < ’ Q ol &
v N o N S N N S
v v
s ],5m EEm35m s 75m 12 m emmean

Fig. 11. Seasonal dynamics of Thricops simplex (Muscidae) abundance at different heights in
temperate deciduous forest (ordinate axis - specimen/day).

Numbers of Phaonia pallida in June at different heights from the soil surface were at a
minimum and gradually increased. The maximum numbers were recorded in August and
September. However, the maximum abundance of this species was obtained in the tree
crowns. In contrast, Thricops simplex was most abundant close to the soil surface. The first
individuals of this species did not appear in the traps until the first half of July. Thereafter its
abundance increased very rapidly and reached a maximum in early September.
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4 Discussion

Our study provides an insight into the seasonal dynamics of Diptera sampled using beer traps
set at different altitudes in deciduous forests of the temperate zone of European Russia. Traps
were set in May, but the first Diptera individuals were captured only in early June. Seasonal
cycles of Diptera abundance are related to seasonal changes in temperature, day length,
humidity and other factors. Water levels and moisture regime influence seasonal activity of
aquatic breeding species [28, 34—40].

In our study, the seasonal cycle of abundance in Tipulidae was two-peak, with peaks in
early June and mid-August. Hernandez-Ortiz et al. [39] obtained a single-peak pattern in
Tipulidae abundance in the tropics. In the forests of Massachusetts (USA), this family has a
two-peak pattern with peaks in August and September [34].

Species of the family Lonchaeidae are associated in their life cycle with their breeding
sites (living or decaying plant organisms, including grasses and trees). The larvae of some
species live under the bark of dead or dying deciduous and coniferous trees. This relationship
accounts for their seasonal dynamics [41—43]. It is possible that the three-vertebrate dynamics
just depend on larval feeding sites, emergence, flowering and so on.

Numbers of species of the family Aulacigastridae were also higher during the season in
June, late July and the second half of August. The larvae of Aulacigastridae develop in the
leaking sap on the bark of various trees and adult flies can be found sitting along them [44].
In Central Europe, all Aulacigaster species give birth to two generations annually and adults
of the second generation overwinter in tree hollows [44]. The family Milichiidae had one
significant maximum abundance in July. The larvae of Milichiidae feed on decaying
materials of plant and animal origin. They are found under the bark of trees damaged by other
insects [45, 46].

The seasonal dynamics of Heleomyzidae abundance was two-peak, with peaks in early
June and late August. Many members of this family are adapted to the cold and abundant in
the mountains and in the north. Heleomyzidae are one of the most common groups of insects
active in winter. Many species are most active in the evening and autumn months [47].

Numbers of Anthomyiidae in early June were many times higher than at later sampling
dates, especially in tree crowns. The larvae of Anthomyiidae species are mainly
phytophagous, saprophagous or omnivorous. The emergence of adults is related to the
vegetation dynamics of Anthomyiidae larvae [48]. We are not aware of any publications on
Anthomyiidae whose larvae may live in foliage, branches or in the trunks of deciduous trees.
However, the life cycle of one species (Strobilomyia appalachensis), whose larvae feed on
pine cones and whose range includes temperate zones of Canada [49] is described. Adults of
Strobilomyia appalachensis are caught near tree cones in May and early June. Eggs are laid
between the scales of seed cones in early June, starting when the scales on most cones have
been closed and ending one week after the cones have been fully hung. The larvae feed on
the buds, moult and then drop out into the soil. Larval deposition occurs from late June to
late July and largely correlates with periods of rainfall. Mature larvae move into the soil and
overwinter in the soil as pupae. Adults appear in spring [49]. It is possible that similar life
cycles of local species are similar to the Canadian species. For example, Anthomyiidae
dominate in Czech forests in spring [50]. The family Fanniidae has a two-peak abundance
cycle, with a greater increase in abundance in mid-August. Similar data were obtained in the
Bavarian Forest [50].

For Muscidae, a single abundance peak was obtained in mid-August. Previously [28], two
main population peaks of this family were recorded in different habitats. The largest autumn
peak was obtained in the first half of October. However, there were two other small increases
in trap abundance of this family in the second half of July and in late August. It is likely that
species of this family are actively preparing for wintering and show high activity at
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moderately high temperatures [28]. It is possible that in our studies in deciduous forests in
September and October we could have seen a similar increase in numbers, but the
experiments were terminated in the middle of September. The family Calliphoridae showed
a gradual increase in numbers from June and a peak in early September. A similar relationship
was obtained earlier in other biotopes in the forests of central European Russia [28].

Phaonia pallida abundance gradually increased during the season and peaked in
September. Similar data were previously reported by Martin-Vega and Baz [51]. Thricops
simplex was most abundantly caught close to the soil surface. Its abundance increased very
rapidly in the traps from late July and peaked in early September. The larvae of Thricops
simplex inhabit animal excreta, decomposing fallen matter, and decaying fungi [50, 52, 53].
Its maximum abundance has been reported in summer [50]. It is possible that in our study
adults were actively flying to the bait.

5 Conclusion

Analysis of seasonal dynamics showed that for 9 Diptera families (Tipulidae, Lonchaeidae,
Aulacigastridae, Milichiidae, Heleomyzidae, Anthomyiidae, Muscidae, Fanniidae,
Calliphoridae) it is specific. Some families had bimodal dynamics (Tipulidae, Heleomyzidae,
Fanniidae), other families had only one significant peak in abundance (Anthomyiidae,
Milichiidae, Muscidae, Calliphoridae), or abundance dynamics with a few increases during
the season (Lonchacidae, Aulacigastridae). Our results indicate a significant role of Diptera
in seasonal changes in the number of insect communities in deciduous forests, and this may
influence the dynamic processes of nutrient cycling in these forests.

This research was funded by the Russian Science Foundation, grant number 22-14-00026.
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