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In a changing climate, phenological observations are gaining new importance. They can tell what changes are taking place in certain
environmental conditions. The studies were conducted in 2019 within the territory of the Republic of Mordovia (the center of the Euro-
pean part of Russia). Beer traps (beer as a bait) were used to collect Diptera. The material was collected in the period from April to Octo-
ber in different forest biotopes (pine forest, lime forest, aspen forest, birch forest and oak forest) and the air temperature was recorded at the
same time. In total, more than 14.000 specimens of Diptera were recorded. Overall, 29 families were recorded. The largest number of
families was observed for birch (23 families) and pine (24 families) forests, the smallest number — in aspen forest (16 families).
The families Muscidae, Drosophilidae, Calliphoridae had the largest number of captured individuals (44.5%, 35.2%, 7.6% of the total
number of individuals respectively). The highest number of individuals was captured in oak forest. The dynamics of abundance in all
biotopes were similar and were characterized by the same number of declines and rises. The first small significant peak in the number of
Diptera occurred in the first half of summer. A slight increase in the number of specimeni occurred in mid-June. In the second half of
September, there was a gradual increase in the number and the maximum peak was recorded in mid-October, then there was a decline.
The autumn increase in the number of Diptera in all five biotopes exceeded the summer peak by several times. This dynamic was typical
for most families. However, species from the family Lonchaeidae had the peak in July. For our better understanding of the changes in the
seasonal dynamics of the number of Diptera, long-term observations in different climatic zones are needed.
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Introduction

Phenological changes are the key feature in temperate zones and they
determine the activity cycles of animals and plants (Schwartz, 2003; Har-
vey et al., 2020; Marshall et al., 2020; Minin et al., 2020). In response to
the seasonal natural changes, the species composition of populations and
the number of species significantly fluctuates (Wicher et al., 2011; Alter-
matt, 2012; Blackshaw & Esbjerg, 2017; Chick et al., 2019; Barkalov &
Khruleva, 2021; Polevoi, 2021). Seasonal phenology is often caused by
abiotic environmental factors, including environmental stressors. Together
they can have a clear impact on the composition of the community
(McGill et al., 2006; Hallett et al., 2018; Ho0k et al., 2020).

Different groups of insects had very clear seasonal thythms, in parti-
cular Coleoptera, Lepidoptera, Hymenoptera and others (Roy et al., 2000,
Kuussaari et al., 2007; Ulyshen et al., 2011; Handley et al., 2015; Brooks
et al,, 2017; Ruchin et al., 2018, 2021; Stojko & Senkevich, 2018; Krivo-
sheina & Krivosheina, 2019; Ruchin, 2021). Seasonal dynamics of indivi-
dual families and species of Diptera are also interesting to study. For ex-
ample, in Mexico, the main peaks in the number of Tephritidae were re-
corded from February to October, and they coincided with the phenologi-
cal stages of fruiting, ripening and fruit harvesting (Rodriguez-Rodriguez
et al., 2018). In Brazil, Drosophila willistoni was more numerous in au-
tumn, while the D. cardini and D. tripunctata were numerous in winter
and spring respectively, and D. repleta was active in both seasons (Bizzo
et al,, 2010). The peak number of D. nebulosa occurred in December
(Torres & Madi-Ravazzi, 2006). The seasonal activity of Syrphidae was
studied in the Komi Republic.

Based on the analysis of the activity of 194 species, ten phenological
groups were identified. They had different peaks of activity during the sea-
son. Epy Tumber of active adult predators decreased early July. At that
time, the appearance of early summer species ended, and late summer
species remained in the larval stage. The peak activity of detritophages

was observed in mid-July. Hygrophile and mesophile dipterans were
active in mid-May (Pestov, 2010).

The annual temporal patter in the relative abundance of Culicidae
closely correlated with dynamics of water level in the Drava and Danube
rivers, especially in 1999 and 2004 (Bogojevic et al., 2009). The peak
population of Aedes albopictus in Portugal was observed from September
to November (Osorio et al., 2020). The seasonal activity of 10 Tabanidae
species was studied in Turkey. Abundance of Dasyrhamphis umbrinus,
Tabanus bifarius, T. quatuornotatus and T. unifasciatus peaked in June,
and other species peaked in July. The species Haematopota subcylindrica
and Tabanus bromius had the longest flight period from the first week of
May to the middle of September (Altunsoy & Kilig, 2012). In Bulgaria,
Tabanidae were active from the second half of May to the mid-Septem-
ber. The peak of seasonal abundance was observed in the first half of July.
Tabanus quatuornotatus, T. tergestinus and Philipomyia graeca were the
most widespread species (Ganeva & Kalmushka, 2019). In the territory of
Eastern Croatia in 1992-1998, the seasonal activity was analyzed for
25 species of Tabanidae. The peak number was determined for two spe-
cies in May, for six species in June, for 10 species in July, for five species
in August and for one species in September. Only Tabanus autumnalis
showed two peaks of abundance — the first in May and the second in July.
All other species had only one peak in abundance during the study period
(Krémar, 1999).

Materials and methods

The studies were conducted from April to October in 2019 (Republic
of Mordovia, Temnikovsky district, territory of Mordovia State Nature
Reserve). The Mordovia State Nature Reserve is located on the right bank
of the Moksha River, its area accounts for 321.62 km”. The territory of the
Mordovia State Nature Reserve is included in the zone of coniferous-deci-
duous forests on the border with the forest-steppe. Forest communities
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occupy 89.3% of the entire territory. Pine (Pinus sylvestris L.) is the main
forest-forming species. Birch (Betula pendula Roth) and birch forests oc-
cupy the second largest forest area in the Mordovia State Nature Reserve.
These are mainly secondary communities on the sites of cuttings and
burnt pine forests. Oak forests occupy a relatively small area. They are
common in the floodplain of the Moksha River in the western part. Spruce
forests (from Picea abies L.) and alders (from Alnus glutinosa (L.)
Gaertn.) are located mainly in floodplains of rivers and streams and occu-
py small areas (Ruchin & Egorov, 2017; Ruchin & Mikhailenko, 2018).

In order to study the seasonal dynamics, traps were placed in five dif-
ferent biotopes (a more detailed description of the biotopes is given in the
publication by Ruchin et al. (2021). The names of biotopes are given ac-
cording to the predominant tree species in them: 1 — the forest area with
predominance of Pinus syhvestris (pine forest); 2 — the forest area with
predominance of 7ilia cordata (lime forest); 3 — the forest area with pre-
dominance of Populus tremula (aspen forest); 4 — the forest area with
predominance of Betula pendula (birch forest); 5 — the forest area with
predominance of Quercus robur (oak forest).

All collections were carried out by traps that we designed ourselves.
As a trap, we used a five-liter plastic container with a window cut out on
one side at the distance of 10 cm from the bottom (Ruchin et al., 2020).
Beer was the bait. Sugar was added for fermentation. In each biotope, two
traps were installed under the forest canopy at the distance of five meters
from each other. Traps were hung on tree trunks in the crown at the height
of seven to eight meters. The sampling period ranged four to 17 days.
At the same time, the air temperature was measured daily during the day
and night (maximum and minimum parameters). During the experiment,
more than 14,000 Diptera individuals were captured and viewed. When
analyzing the results, we used only data on the quantitative parameter
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(number) of all individuals of some Diptera families in traps for the expo-
sure time. The exposure time was the period between hanging a trap and
taking samples for the analysis (expressed in days). Unidentified individu-
als were not used in the calculations, which could not be accurately attri-
buted to a particular family.

Results

During the growing season, in total, 29 species from the Diptera fami-
ly were captured in beer traps in five biotopes. The largest number of fa-
milies was obtained in birch (23 families) and pine (24 families) forests,
the smallest number was in aspen forest (16 families, Fig. 1). In all bio-
topes, there were species from 16 families: Muscidae, Aulacigastridae,
Pallopteridae, Phoridae, Anthomyiidae, Syrphidae, Fanniidae, Lonchaei-
dae, Anisopodidae, Scathophagidae, Lauxaniidae, Dryomyzidae, Calli-
phoridae, Heleomyzidae, Drosophilidae, Ulidiidae.

Representatives of 10 families (Hybotidae, Tachinidae, Tabanidae,
Polleniidae, Scenopinidae, Sciomyzidae, Simuliidae, Piophilidae, Odinii-
dae, Rhagionidae) were found only once in one biotope. Apparently, spe-
cies from these families randomly fell into beer traps. The families Musci-
dae, Drosophilidae, Calliphoridae had the largest number of captured in-
dividuals (44.5%, 35.2%, 7.6% of the total number of individuals respec-
tively). In the forests of central Russia, the seasonal activity of Muscidae
was two-vertex. The biggest autumn peak was recorded in the first half of
October (Fig. 2). Drosophilidae and Calliphoridae were characterized by
peak in the populations, which began at the end of September and was the
highest in mid-October (Fig. 3, 4). The maximum number of Anisopodi-
dae was observed in all biotopes in October (Fig. 5). The largest number
of Lonchaeidae species in all biotopes was seen in July (Fig. 6).
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Fig. 1. The ratio of the number of individuals from Diptera families in different biotopes for the entire study season
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Fig. 2. Dynamics of the number of Muscidae individuals in different forest biotopes in the 2019 season in the center of European Russia
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Fig. 3. Dynamics of the number of Drosophilidae individuals in different forest biotopes in the 2019 season in the center of European Russia
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Fig. 4. Dynamics of the number of Calliphoridae individuals in different forest biotopes in the 2019 season in the center of European Russia
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Fig. 5. Dynamics of the number of Anisopodidae individuals in different forest biotopes in the 2019 season in the center of European Russia
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Fig. 6. Dynamics of the number of Lonchaeidae individuals in different forest biotopes in the 2019 season in the center of European Russia
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Fig. 7. Dynamics of the number of Diptera individuals in different forest biotopes in the 2019 season in the center of European Russia

The seasonal dynamics of the number of Diptera was expressed quite
well and was logically. It should be noted that the population dynamics
were almost similar in all biotopes. In late April, the number of this group
was very low. Then there was a gradual increase in their number in the
traps (Fig. 8). Based on the generalization of all the data obtained, the
maximum number of Diptera was in the autumn months in all biotopes.

In the second half of September, there was a gradual increase in the num-
ber and the peak was recorded in mid-October, then there was a decline.
Monitoring of the course of temperatures showed that there was a rela-
tionship with the peaks of the number of Diptera. However, it was more
pronounced in the summer months, whereas in autumn, at low tempera-
tures, the number in traps reached its maximum.
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Fig. 8. Dynamics of the number of all Diptera families in comparison with temperature dynamics
(the average of the number of individuals from all biotopes)

Discussion

As with most other insects, seasonal Diptera abundance cycles are as-
sociated with seasonal changes in temperature, day length, humidity, and
other factors. Water levels and humidity regime have an effect on the
seasonal activity of species breeding in water (Denlinger, 1980; Bogojevic
et al., 2009; Nekrasova et al., 2016; Osorio et al., 2020). Many parasitic
dipterans depend on the seasonal activity of their hosts, which serve for the
development of larvae (Shapiro, 1995; Paur & Gray, 2011). In the tropics,
seasonality often depends on the alternation of rainy and dry seasons
(Mullens & Peterson 2005; Godwin et al., 2017; Sevidzem & Zinga-
Koumba, 2019). In a temperate climate, temperature and precipitation
have the main impact on the seasonal cycles (Lysyk, 1993; Szyniszewska
& Tatem, 2014; Semelbauer et al., 2018).

The seasonal activity of Muscidae has a bimodal structure in warmer
regions (Taylor et al., 2007), while the unimodal model is typical for the
tropics and northem countries (Lysyk, 1993; Sinshaw et al., 2006; Uribe
etal,, 2010). Unimodal seasonal activity in the tropics is associated with
the alternation of dry and rainy seasons, while in colder climates it is regu-
lated by the alternation of cold and warm seasons. In the Mediterranean or
semi-arid climate with dry summers and rainy winters, a stable fly popula-
tion usually has a bimodal pattern with peaks in spring and autumn (Se-
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melbauer et al., 2018). In the conditions of central Russia, the seasonal
activity of Muscidae was cyclical. There were two main peaks. The lar-
gest autumn peak occurred in the first half of October. The smaller peak
took place in the second half of June. However, we observed two more
small increases in the number of this family in traps: in the second half of
July and at the end of August. It is possible that the June peak was asso-
ciated with increase in the temperature and the activity of flies flying into
traps. Other intermediate peaks are difficult to associate with the tempera-
ture factor. The largest peak in numbers is typical for the end of September
and October. It is possible that the species of this family are actively pre-
paring for wintering and show high activity in moderately high tempera-
tures. In Slovakia, when studying the seasonal activity of Stomoxys calci-
trans (Muscidae), two peaks were detected: a large peak was in summer,
and a smaller peak in autumn (Semelbauer et al., 2018).

The impact of seasonal changes on the number of Drosophilidae was
studied mainly in tropical and temperate climatic zones. Precipitation has
the effect on their abundance in tropical regions while temperature fluctua-
tions affect it in regions with a temperate climate (Torres & Madi-Ravazzi,
2006; Poppe et al., 2013; Prigent et al., 2013; da Mata et al., 2015; Coutin-
ho-Silva et al., 2017). Our studies have shown that Drosophilidae in the
conditions of central Russia have one peak in abundance, which begins at
the end of September with a maximum in mid-October. Daily tempera-
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tures were recorded at the level not higher than 15 °C, and at night — no
more than 10 °C. At the same time, throughout the season, the number of
this family in traps was more or less constant, without sharp increases or
decreases. A similar dynamic was recorded in the experiments in Usak
province, Turkey (Zengin, 2020). The numbers of Drosophilidae were the
highest in the temperature of 5-10 °C, the average temperature for Octo-
ber and November. In September, when the temperature was more favou-
rable for drosophilids, the amount of catch was lower (Zengin, 2020).

It is interesting that even during the peak period, the number of Dro-
sophilidae in other biotopes in oak forest remained at a low level. It is
possible that microclimatic conditions, for example, humidity, stratifica-
tion, dense tree crowns, the predominant tree species, etc., have a certain
influence on this biotope. For example, it was shown that the number of
fruit flies was higher in cool-temperature forest (Tanabe et al., 2001).

Like other Diptera, many Calliphoridae species also have seasonal ac-
tivity dynamics (Phillips et al., 2004; Dufek et al., 2019; Mali & Zambare,
2019; Makaida et al., 2021). In our experiments, in contrast to drosophi-
lids, the family Calliphoridae was found in oak forest in higher numbers.
The activity peaked in October. This seasonal dependence was typical for
all biotopes. The seasonal dynamics of species of the Anisopodidae family
was similar in all biotopes. The maximum number was recorded in Octo-
ber. However, small differences in the number were also observed during
other months. The activity especially peaked in the oak forest. It is possible
that this was due to the departure of imagoes of individual species and, as
aresult, their number decreased in the traps.

This activity of Anisopodidac was partially confirmed by our pre-
vious collections from the territory of the Mordovia State Nature Reserve,
where the maximum amount of the material was collected at the end of
August and autumn (Dvorék et al., 2020). The life cycle of many species
of Lonchaeidae is connected with their nutrition and reproduction. This re-
lationship determines their seasonal dynamics (Johnsey et al., 1965; Sou-
za-Filho et al., 2009; Carrero et al., 2013; Abbes et al., 2021). In our stu-
dies, the maximum activity of Lonchaeidae species was observed in all
biotopes in July (MacGowan et al., 2021). However, the largest number
was seen in the oak forest. In other biotopes, the number also increased in
July, but not as noticeably as in oak forest.

As we mentioned above, the first small significant peak in the number
of dipterans in our studies occurred in the first half of summer. Slight
increase in the number of specimens occurred in mid-June.

In the first half of summer, increase in the number of Diptera was also
observed. However, it was almost three times lower than the autumn peak.
Apparently, it was associated with the appearance of the imago of the first
species from different families. It was recorded after increase in daytime
temperatures. Then, there was a slight decline amid a decrease in the tem-
perature, but then again there was an increase in the number of Diptera in
the traps. Usually, many imago species from various Diptera families
hatch after the temperatures increases in the summer months (Kinjo et al.,
2014; Chen et al,, 2019). The second largest peak in the number was
recorded in mid-October. In our opinion, it was associated not with the
reproduction or development of Diptera, but with the activity of this group
amid high autumn temperatures. The correlation of the graphs of the tem-
perature dynamics of September and October and the graphs of the num-
ber of Diptera indicate this. 1. e., the October peaks (most likely, all au-
tumn peaks) of the air temperature increase contributed to the increase in
the activity of Diptera in all biotopes.

Conclusion

During the growing season, in total, 29 species from the Diptera fami-
ly were recorded in the beer traps in five biotopes. The largest number of
families was seen in birch (23 families) and pine (24 families) forests, the
smallest number — in aspen forest (16 families). The families Muscidae,
Drosophilidae, Calliphoridae had the largest numbers of captured indivi-
duals (44.5%, 35.2%, 7.6% of the total number of individuals respective-
ly). The largest number of Diptera was recorded in oak forest, while in
four other forest biotopes (pine forest, lime forest, aspen forest and birch
forest), this number was lower. The population dynamics were similar in
all biotopes and had the same declines and rises. The first small significant
peak in the number of Diptera in our studies occurred in the first half of
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summer. A slight increase in the numbers occurred in mid-June. In the
second half of September, there was a gradual increase in the number and
the maximum peak was recorded in mid-October, then there was a de-
cline. The autumn increase in the number of Diptera exceeded the sum-
mer peak by several times in all five biotopes. This dynamic was typical
for most families. However, species from the family Lonchaeidae peaked
in July.
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