Biodiversity, Ecology and Conservation
Research Article

ACTA ZOOLOGICA BULGARICA

Acta Zool. Bulg., Supplement 15, August 2020: 129-140

Proceedings of the Third International Conference on Zoology,

Zoonoses and Epidemiology, Hissar, Bulgaria, October 21-23, 2019

http://www.acta-zoologica-bulgarica.eu/Suppl 15 26

Winter Activity of Fungus Gnats (Diptera: Mycetophilidae)
in Critically-endangered Mediterranean Habitats in Bulgaria

Aneliya S. Pavlova® & Anelia M. Stojanova

Department of Zoology, Faculty of Biology, University of Plovdiv “Paisii Hilendarski”, 24 Tsar Asen Street, 4000 Plovdiv,

Bulgaria; E-mail: aneliapav@gmail.com

Abstract:

Adult fungus gnats inhabit predominantly humid forest areas; however, they are sometimes found also

in drier forest habitats, generally avoiding wetter environments. In European temperate climate, they are
mainly active during the period from April to September. However, in the most south-western regions
of Bulgaria where Mediterranean and Sub-Mediterranean habitats are found, it has been established that
specific conditions during the winter might be a precondition for the extremely high abundance of fungus
gnats in the area. Our study was conducted using tree and soil traps. A total of 28,557 specimens were col-
lected during the winter months (November 2002, 2003, 2018; December 2002, 2003, 2018 and January
2003, 2019). Several species of the genera Phronia Winnertz, 1863, Coelosia Winnertz, 1863 and Boletina
Staeger, 1840, were found to be dominant during that time, with Stigmatomeria crassicornis (Stannius,
1831) being reported for the first time for the fauna of Bulgaria.
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Introduction

Fungus gnats are representatives of the families
Bolitophilidae, Diadocidiidae, Ditomyiidae, Kero-
platidae and Mycetophilidae, which belong to the
superfamily Sciaroidea (Insecta: Diptera: Nema-
tocera). There are over 226 genera in the world,
with more than 4,100 species (BECHEV 2000b).
Ninety-six genera are known in the Palaearctic Re-
gion, with more than 1,500 species overall (BECHEV
1999¢) and around 1,140 species in Europe. So far,
317 species of fungus gnats are known in Bulgaria
(BECHEvV 2006b, 2010, BECHEV & PavLova 2012,
2016, KuriNa & CHANDLER 2018). Fungus gnats
are distributed all over the world — from Greenland
and Svalbard to Subantarctic islands. Fungus gnats
are also called mycetophilids because their larvae
develop in the mycelium of (predominantly terres-
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trial) fungi (CHANDLER & BLASCO-ZUMETA 2001)
and are common in different forest ecosystems.
Typically, fungus gnats inhabit moderately humid
forest habitats and are rarely found in dry forests,
generally avoiding areas with high humidity. In the
European temperate climate, they are active main-
ly during the period between April and Septem-
ber. Due to this fact, many studies have been car-
ried out at that time or in humid habitats (BECHEV
2000a). In the south-western part of Bulgaria, the
Sub-Mediterranean climate is strongly represented,
allowing for the existence of habitats with Mediter-
ranean and Sub-Mediterranean vegetation, form-
ing xerophytic habitats. Since fungus gnats are not
commonly found in dry environments, many stud-
1es have overlooked these areas. In this article, we
present the results of a study on the winter activ-
ity of fungus gnats of the family Mycetophilidae
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in habitats dominated by the kermes oak Quercus
coccifera L. in Bulgaria.

Faunal and ecological studies of the kermes
oak communities are currently incomplete and fu-
ture research is needed to fully characterise the
habitat (National Biodiversity Conservation Strat-
egy — NBCS). Kermes oak communities are areas of
greatest importance, determined by summary data
on species richness, endemic and rare taxa (NBSC).
Furthermore, they are classified as critically endan-
gered under the Red-Data Book of habitats of the
Republic of Bulgaria with code 23F5, covering ev-
ergreen, hard-leaved shrubs and low forests (pseu-
domaquis) dominated by the kermes oak Quercus
coccifera L. (Gusgv 2015).

Materials and Methods

The material for the present study was collected
in the periods 02.11-03.12.2002 (in short, No-
vember 2002); 03.12.2002-11.01.2003 (December
2002); 11.01.2003-08.02.2003 (January 2003);
08.11-06.12.2003 (November 2003); 07.12.2003—
11.01.2004 (December 2003); 02.11-04.12.2018
(November 2018); 04.12.2018-07.01.2019 (Decem-
ber 2018); 07.01-06.02.2019 (January 2019). The
study was conducted in the communities of kermes
oak near Kamenitsa Village (170240 m a.s.l.,
UTM: BG FMT71, 41.642666°N, 23.170961°E),
Strumyani Municipality, Blagoevgrad Region (Fig.

1). The material from 2002-2004 was collected
within the framework of the project “Studies on bio-
diversity of model animal groups in communities of
kermes oak (Quercus coccifera L.), anthropogenic
impact assessment and proposing protection meas-
ures” (LANGOUROV & Smmov 2006); the material
from 2018-2019 was collected by the first author.
The material was collected using two stationary
invertebrate trapping methods: tree traps and soil
traps as well as their combination (see LANGOUROV
& SiMov 2006). In the 2002-2004 survey, 15 tree
and 15 soil traps were placed (Fig. 2) for a period of
two years and the material was collected monthly.
Modified Moericke traps were used (LANGOUROV
2001): conical white plastic banks with a base diam-
eter of 65 mm, an opening of 88 mm and height of
118 mm. A solution of 4% formaldehyde was used
as a preservative. The collected material was stored
before and after the identification in tubes with 75%
ethanol. The collection methodology was repeated
in 2018-2019, using ten tree and ten soil traps with
propylene glycol as preservative and two control
traps with 4% formaldehyde solution.

The material was identified using the available
keys (SoL1 et al. 2000, Zartzev 2003) and special-
ised articles. For most species, temporary prepara-
tions of the genitalia were prepared. The arrange-
ment of the subfamilies and the genera follows
BecHev (2000b) and Kiy&RANDSEN (2019) unless
otherwise stated. Information for each species in-
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Fig. 1. Location of the study area near Kamenitsa Village, Strumyani Municipality, Blagoevgrad Region (map: Garmin

BaseCamp Version 4.6.2)
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cludes valid taxa name, bibliography and synonyms
for Bulgaria, date of collection, type of trap used,
number of specimens, vertical distribution and sea-
sonal activity in Bulgaria (months of the year with
Roman letters). The species marked with an asterisk
(*) is reported for the first time for Bulgarian fauna.

The data from meteorological stations for the
region of Kamenitsa Village provided by the Na-
tional Institute of Meteorology and Hydrology were
used in the analysis of the results (NIMH 2019).
PAST software (HammER et al. 2001) was used
to process statistically the obtained results and to
calculate Shannon Index for species diversity and
Simpson Domination Index.

Results

Faunistic list

Family Mycetophilidae Newman, 1834
Subfamily Mycomyinae Edwards, 1925

Mycomya (Mycomya) cinerascens (Macquart, 1826)

Records for Bulgaria: Vidisdnen 1984: 175, BECHEV 1985:
37,1997: 12, 2000a: 58, 2002: 104, 2006a: 708, 2010:7.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 08.11-06.12.2003, tree traps: 1&, soil traps: 13
7.12.2003-11.01.2004, tree traps: 233

Vertical distribution: 550-1740 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV-X (BecHev 2010); XI, XII (this
study).

Mycomya (Mycomya) marginata (Meigen, 1818)

Records for Bulgaria: Véisdnen 1984: 234, BECHEV 1985:
38, 1997: 12, 2000a: 58, 2002: 104, 2006a: 708, 2010: 8.

Fig. 2. Modified Moericke traps — Langourov type
(LanGourov 2001). A — tree trap, B — soil trap.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 1637, 249 9; 03.12.2002—
11.01.2003, tree traps: 3633; 249 %; 11.01.2003-08.02.2003,
tree traps: 32d, 129 Q; soil traps: 1J.

Vertical distribution: 350-1740 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: [IV-IX, XI (BecHEv 2010); I, XII (this
study).

Mycomya (Mycomya) prominens (Lundstrém, 1913)

Records for Bulgaria: Viisénen 1984: 61, BEcHEV 1997:
12,2002: 104, 2006a: 708, 2010: 9.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 08.11-6.12.2003, tree traps: 1; 07.12.2003-11.01.2004,
tree traps: 13; 19.

Vertical distribution: 950 m a.s.l. (BEcHEv 2010); 170—
240 m a.s.l. (this study).

Seasonal activity: VI (BEcHEV 2010); XI-XII (this study).

Mycomya (Mycomya) tenuis (Walker, 1856)

Records for Bulgaria: Vdisdanen 1984: 116, BECHEV 1985:
38, 1997: 12, 2000a: 58, 2002: 105, 2010: 10.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 1033, 49 9; soil traps:
299.

Vertical distribution: 350-1740 m a.s.l. (BEcHEV 2010);
170-240 m a.s.1. (this study).

Seasonal activity: IV-VII (BecHev 2010); XI (this
study).

Subfamily Sciophilinae Dziedzicki, 1885

Sciophila rufa Meigen, 1830

Records for Bulgaria: BECHEV 1986b: 57, 1986¢: 60,
1989b: 161, 1997: 13, 1999a: 38, 2000a: 59, 2002: 108, 2010:
22; KoLAROV & BECHEV 1995: 18.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 4133, 1199, soil traps:
299;03.12.2002-11.01.2003, tree traps: 33, 19; 11.01.2003—
08.02.2003, tree traps: 13, 12Q.
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Vertical distribution: 3501740 m a.s.l. (BEcHEV 2010);
170-240 m a.s.1. (this study).

Seasonal activity: [IV-IX, XI (BecHev 2010); I, XII (this
study).

Subfamily Gnoristinae Edwards, 1925

Boletina gripha Dziedzicki, 1885

Records for Bulgaria: B. dispecta Dziedzicki: BECHEV
1986a: 73. B. gripha Dziedzicki: BECHEV 1986b: 58, 1997: 13,
2000a: 59, 2002: 87, 2004: 736, 2010: 13.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 2153, 54392, soil
traps: 19; 03.12.2002-11.01.2003, tree traps: 120373, 899,
soil traps: 19; 11.01.2003-08.02.2003, tree traps: 653,
349 Q; soil traps: 38, 19; 07.12.2003-11.01.2004, tree traps:
14733, 1219 Q; soil traps: 42 9.

Vertical distribution: 300-2390 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: III-VIII, XI, XII. (BecHEv 2010); I
(this study).

Boletina nigricoxa Staeger, 1840

Records for Bulgaria: BECHEV 2000a: 59, 2002: 88, 2004:
736, 2006a: 704, 2010: 13.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, tree traps: 1503 J.

Vertical distribution: 300-1700 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: III-VI (BEcHEv 2010); XII (this study).

Coelosia flava (Staeger, 1840)

Records for Bulgaria: BEcHEV 1986b: 57, 1997: 14,
2000a: 59, 2002: 88, 2010: 15.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 105633, 9579 Q; soil traps:
8647, 5199; 03.12.2002-11.01.2003, tree traps: 45037,
54099, soil traps: 163383, 6599; 11.01.2003-08.02.2003,
tree traps: 34033, 245992, soil traps: 4033, 6499; 08.11—
6.12.2003, tree traps: 4433,269 Q, soil traps: 12533, 629%;
7.12.2003-11.01.2004, tree traps: 16833, 14519 Q, soil traps:
25733, 1649 9.

Vertical distribution: 1250 m a.s.l. (BEcHEvV 2010), 170—
240 m a.s.l. (this study).

Seasonal activity: VII (BEcHEv 2010); I, XI, XII (this
study).

Subfamily Leiinae Edwards, 1925

Docosia gilvipes (Walker, 1856)

Records for Bulgaria: BECHEV 1989a: 156, 1997: 14,
2000a: 59, 2002: 89, 2004: 737, 2006a: 705, 2010:23.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 4633, 109 Q; soil traps: 19;
03.12.2002-11.01.2003, tree traps: 983, 409 Q; 11.01.2003—
08.02.2003, tree traps: 26343, 1899; 7.12.2003-11.01.2004,
tree traps: 1.

Vertical distribution: 300-1500 m a.s.l. (BEcHEV 2010),
170-240 m a.s.l. (this study).

Seasonal activity: IV-VIII (BecHev 2010); I, XI, XII
(this study).

Leia bimaculata (Meigen, 1804)

Records for Bulgaria: Neoglaphyroptera fascola Mei-
gen: NEDELKOV 1912: 179. Leia bimaculata (Meigen): BECHEV
1985: 38, 1989b: 162, 1997: 14, 1999a: 38, 2000a: 60, 2002: 90,
2004: 737, 2006a: 705, 2010: 23.

Material examined: Strouma Valley; 2 km S from Ka-
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menitsa, 02.11-03.12.2002, tree traps: 1433, 49 Q; soil traps:
79%;08.11-6.12.2003, soil traps: 19.

Vertical distribution: 250-1500 m a.s.l. (BEcHEV 2010),
170240 m a.s.1. (this study).

Seasonal activity: V=X (BEcHEvV 2010); XI (this study).

Subfamily Mycetophilinae Newman, 1834
Tribe Exechiini Edwards, 1925

Allodia (Allodia) ornaticollis (Meigen, 1818)

Records for Bulgaria: BECHEV 1997: 15, 1998: 62, 2000a:
60, 2002: 91, 2010: 26.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, soil traps: 393J, 1399;
07.12.2003-11.01.2004, tree traps: 283, 29 Q; soil traps: 17,
19;04.12.2018-07.01.2019, tree traps: 13.

Vertical distribution: 10— 800 m a.s.l. (BEcHEV 2010).

Seasonal activity: IV, V, VII, X, XI (BecHev 2010); XII
(this study).

Allodia (Brachicampta) alternans (Zetterstedt, 1838)

Records for Bulgaria: BECHEV 1997: 15, 1998: 62, 2000a:
60,2002: 91, 2010:26.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 623, 3099Q; 03.12.2002—
11.01.2003, tree traps: 6533, 459%; 11.01.2003-08.02.2003,
tree traps: 633,39 9.

Vertical distribution: 350—-1250 m a.s.l. (BEcHEV 2010);
170-240 m a.s.1. (this study).

Seasonal activity: IV-X (BecHev 2010); I, XI, XII (this
study).

Allodia (Brachycampta) pistillata (Lundstrém, 1911)

Records for Bulgaria: BECHEV 1997: 15, 1998: 62, 2000a:
60,2002: 91, 2010: 27.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-04.12.2018, tree traps: 13, 1 Q.

Vertical distribution: 350-1250 m a.s.l. (BECHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: VI, VII, X (BecHev 2010); XI (this
study).

Allodiopsis domestica (Meigen, 1830)

Records for Bulgaria: BECHEV 1990: 87, 1997: 15, 2000a:
60,2002: 91, 2010: 28.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 08.11-6.12.2003, soil traps: 13,29 9.

Vertical distribution: 700-1250 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV, VI (BEcHEV 2010); XI (this study)

Brevicornu (Brevicornu) fissicauda (Lundstrom, 1911)

Records for Bulgaria: BECHEV 1991: 28, 1997: 15, 2000a:
60, 2002: 92, 2010: 29.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, soil traps: 4433, 1892; 03.12.2002—
11.01.2003, tree traps: 3733, 239%; 07.12.2003-11.01.2004,
tree traps: 333, 499, soil traps: 1J.

Vertical distribution: 350—-1250 m a.s.l. (BEcHEV 2010);
170240 m a.s.1. (this study).

Seasonal activity: IV-VIII (BecHev 2010); XI, XII (this
study).

Cordyla brevicornis (Staeger, 1840)

Records for Bulgaria: NEDELKOV 1912: 179; BECHEV
1985: 39, 1997: 15, 2000a: 61, 2002: 93, 2006a: 706, 2010: 31.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, tree traps: 2433, 1299;
04.12.2018-07.01.2019, tree traps: 1.
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Vertical distribution: 600-1500 m a.s.l. (BEcHEV 2010);
170-240 m a.s.1. (this study).

Seasonal activity: VIII-X (BecHev 2010); XII (this
study).

Cordyla crassicornis Meigen, 1818

Records for Bulgaria: BECHEV 1996: 20, 1997: 15, 2000a:
61,2002: 93,2010: 31.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, soil traps: 13; 07.12.2003—
11.01.2004, soil traps: 233

Vertical distribution: 5-600 m a.s.l. (BEcHEv 2010).

Seasonal activity: III, V-VII, XI (Becuev 2010); XII
(this study).

Cordyla fusca Meigen, 1804

Records for Bulgaria: BECHEY, 1996: 20; 1997: 16; 1999a:
38;2000a: 61;2002: 93; 2010: 32.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 1237

Vertical distribution: 350-1100 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: VII (BEcHEvV 2010); XI (this study).

Cordyla nitens Winnertz, 1863

Records for Bulgaria: BECHEV 1996: 20, 1997: 16, 1999a:
38,2000a: 61,2002: 93, 2010: 32.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 43, 182 Q, soil traps:
733, 299; 11.01.2003-08.02.2003, tree traps: 33'J; 08.11—
6.12.2003, tree traps: 2 3J'; 07.12.2003-11.01.2004, tree traps:
19.

Vertical distribution: 350-1100 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: V, VI (BEcHEv 2010); I, XI, XII (this
study).

Exechia fusca (Meigen, 1804)

Records for Bulgaria: BECHEV 1996: 20, 1997: 16, 1999a:
38,2000a: 61, 2002: 93, 2010: 34.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 5233, 1399Q; 11.01.2003—
08.02.2003, tree traps: 1243, 139Q; 08.11-6.12.2003, tree
traps: 29 Q; 07.12.2003-11.01.2004, soil traps: 233, 42 9.

Vertical distribution: 350-1100 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: VII (BecHev 2010); I, XI, XII (this
study).

Exechiopsis (Exechiopsis) magnicauda (Lundstrom,
1911)

Records for Bulgaria: BEcHEV 1986a: 73, 1997: 16,
2000a: 61, 2002: 95, 2010: 37.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 1333, 229.

Vertical distribution: 700—1250 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: V-X (BEcHEV 2010); XI (this study).

*Stigmatomeria crassicornis (Stannius, 1931)

New species for Bulgaria.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 03.12.2002-11.01.2003, tree traps: 13, 59%; 11.01.2003—
08.02.2003, tree traps: 299; 07.12.2003-11.01.2004, tree
traps: 39 Q, soil traps: 4Q9Q; 4.12.18-07.01.19, tree traps: 1.

Vertical distribution: 170-240 m a.s.1.

Seasonal activity: I, XI, XII.

Synplasta gracilis (Winnertz, 1863)

Records for Bulgaria: Allodiopsis (G.) excogitata (Dzied-

zicki): BECHEV 1991: 27, 1997: 15, 2000a: 60. Synplasta ex-
ogitata (Dziedzicki): BECHEV 2002: 96. S. gracilis (Winnertz,
1863): BEcHEV 2003: 98, 2010: 40.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, soil traps: 23 3.

Vertical distribution: 900-1250 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV, IX (BEcHEvV 2010); XII (this study).

Tarnania fenestralis (Meigen, 1818)

Records for Bulgaria: Rymosia fenestralis: BURGHELE-
BALACEsco 1966: 302, 305. Tarnania fenestralis (Meigen): BE-
cHEV 1985: 39, 1997: 17, 1999a: 39, 2000a: 62, 2002: 97, 2004:
738, 2006a: 706, 2010: 41.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, tree traps: 1533

Vertical distribution: 100-1250 m a.s.l. (BEcHEV 2010).

Seasonal activity: V, VI, VIII-X (BecHEv 2010); XII (this
study).

Tarnania nemoralis (Edwards, 1941)

Records for Bulgaria: BECHEV 1991: 27, 1997: 17, 2000a:
62,2002:97,2010: 41.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 07.01-06.02.2019, tree traps: 1.

Vertical distribution: 400—1200 m a.s.l. (BECHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV (BEcHEvV 2010); I (this study).

Tribe Mycetophilini Newman, 1834

Dynatosoma fuscicorne (Meigen, 1818)

Records for Bulgaria: BECHEv 1991: 28, 1997: 17, 2000a:
62,2002: 97, 2004: 738, 2010: 41.

Material examined: Strouma Valley; 2 km S from Kamen-
itsa, 02.11-03.12.2002, tree traps: 5633, 1399; 03.12.2002—
11.01.2003, tree traps: 165 3.

Vertical distribution: 350—-1700 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV-VII, IX (BecHev 2010); XI, XII
(this study).

Mycetophila fungorum (De Geer, 1776)

Records for Bulgaria: M. punctata Meigen: NEDELKOV
1912: 179. M. fungorum (De Geer): BECHEV 1985: 39, 1989b:
162, 1997: 17, 1999a: 39, 2000a: 62, 2002: 98, 2004: 738,
2006a: 707, 2010: 45.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 32033, 31422, soil
traps: 53, 1099; 03.12.2002-11.01.2003, tree traps: 673J,
7399; 11.01.2003-08.02.2003, tree traps: 4533, 1892, soil
traps: 5333 07.12.2003-11.01.2004, tree traps: 533, 1199.

Vertical distribution: 150-1700 m a.s.l. (BECHEV 2010).

Seasonal activity: IV-XI (BecHev 2010); I, XII (this
study).

Mycetophila marginata Winnertz, 1863

Records for Bulgaria: BECHEV 1985: 39, 1997: 17, 2000a:
62, 2002: 99, 2004: 738, 2006a: 707, 2010: 46.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 2864, 18599, soil
traps: 1243, 992; 03.12.2002-11.01.2003, tree traps: 1673,
6122, soil traps: 1183, 1199; 11.01.2003-08.02.2003, tree
traps: 1333, 499; 08.11-6.12.2003, soil traps: 333, 299;
7.12.2003-11.01.2004, tree traps: 733, 629, soil traps: 243,
299.

Vertical distribution: 300-2000 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).
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Seasonal activity: IV-X (BEcHev 2010); I, XI, XII (this
study).

Mycetophila ocellus Walker, 1848

Records for Bulgaria: BECHEV 1991: 29, 1997: 18, 2000a:
62,2002: 99, 2004: 738, 2006a: 707, 2010: 47.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 2157, 1039 Q.

Vertical distribution: 350-2000 m a.s.l. (BECHEvV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV-X (BecHEV 2010); XI (this study).

Phronia basalis Winnertz, 1863

Records for Bulgaria: BECHEV 1999b: 39, 2002: 100,
2010: 50.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, tree traps: 621033, 43939 Q;
11.01.2003-08.02.2003, tree traps: 24563, 178992, soil
traps: 6733, 452%.

Vertical distribution: 100-200 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: V (BEcHEV 2010); I, XII (this study).

Phronia biarcuata (Becker, 1908)

Records for Bulgaria: P. nitidiventris (van der Wulp):
BECHEYV, 1999b: 40; 2000a: 63. P. biarcuata (Becker): BECHEV,
2002: 100; 2010: 50.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 13233, 10899;
03.12.2002-11.01.2003, tree traps: 34233, 2679 %, soil traps:
7033,1999.

Vertical distribution: 350—-1200 m a.s.l. (BEcHEV 2010);
170-240 m a.s.1. (this study).

Seasonal activity: IV, VI, VII (Becuev 2010); XI, XII
(this study).

Sceptonia cryptocauda Chandler, 1991

Records for Bulgaria: BECHEV 1994: 26, 1995: 10, 1997:
18,2000a: 63, 2002: 101, 2010: 53.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-04.12.2018, tree traps: 1, soil traps: 1.

Vertical distribution: 280-800 m a.s.l. (BEcHEV 2010);
170-240 m a.s.l. (this study).

Seasonal activity: IV, VII, IX, X (BEcHEV 2010); XI (this
study).

Sceptonia flavipuncta Edwards, 1925

Records for Bulgaria: BECHEV 1994: 26, 1995: 10, 1997:
18, 2000a: 63, 2002: 101, 2010: 53.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 03.12.2002-11.01.2003, tree traps: 103 3.

Vertical distribution: 10—1000 m a.s.l. (BECHEvV 2010).

Seasonal activity: IV-IX (BEcHEvV 2010); XII (this study).

Sceptonia membranacea Edwards, 1925

Records for Bulgaria: BECHEV 1994: 27, 1995: 12, 1997:
18, 2000a: 63, 2002: 101, 2006a: 708, 2010: 54.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 1343, 529, soil traps:
283, 19.

Vertical distribution: 10-1500 m a.s.l. (BECHEvV 2010).

Seasonal activity: V=VIII, X (BecHEv 2010); XI (this
study).

Trichonta venosa (Staeger, 1840)

Records for Bulgaria: BECHEV 1990: 88, 1997: 19, 2000a:
64,2002: 103,2010: 57.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 104J; 03.12.2002—
11.01.2003, tree traps: 1533, 109 Q; 11.01.2003-08.02.2003,
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tree traps: 64J; 07.01-06.02.2019, tree traps: 1.

Vertical distribution: 1000 m a.s.l. (BEcHEV 2010); 170—
240 m a.s.l. (this study).

Seasonal activity: IV (BecHev 2010); I, XI, XII (this
study).

Trichonta vitta (Meigen, 1830)

Records for Bulgaria: BECHEV 1990: 88, 1997: 19, 2000a:
64,2002: 103, 2010: 57.

Material examined: Strouma Valley; 2 km S from Ka-
menitsa, 02.11-03.12.2002, tree traps: 633,39 9; 03.12.2002—
11.01.2003, tree traps: 1533, 422Q.

Vertical distribution: 100-1000 m a.s.l. (BEcHEvV 2010).

Seasonal activity: III-VIL, IX (BecHev 2010); XI, XII
(this study).

Data are summarised in Appendix 1.

In the course of this study two different types
of preservatives were used: formaldehyde and pro-
pylene glycol. No significant differences in quantity
of specimens were found between the two preserva-
tives and no attractive effect on the fungus gnats or
other groups of Arthropoda was observed.

The numbers of collected fungus gnat speci-
mens in different types of traps (tree and soil) used
in the study are shown in Table 1. For the whole pe-
riod of the study, 27,095 specimens were collected
in tree traps and 1470 specimens in soil traps.

A Venn diagram (Fig. 3) was constructed using
data from 20022003 winter months and showing the
species diversity of fungus gnats in the studied area.
Two species were recorded in all months: Coelosia
flava, with 7869 specimens and Mycetophila margi-
nata, with 781 specimens. Five species were found
during four of the months: Boletina gripha (1344
specimens), Mycetophila fungorum (873 specimens),
Docosia gilvipes (240 specimens), Cordyla nitens (37
specimens) and Exechia fusca (98 specimens).

The Shannon Index takes into account the
number of specimens as well as the number of spe-
cies. It ranges from zero (0) for communities with
a single species to infinity for communities with
many species, each with several individuals. The in-
dex had the highest values in November 2002, De-
cember 2002 and January 2003 (Fig. 4) when the
greatest diversity of species was established, some
of which were recorded with many specimens. The
results from 2018/2019 also presented high values
of the indices; however, they had the largest error
bars due to low numbers of collected species, each
represented by a single individual. In November
2003 and December 2003, the lowest values of spe-
cies diversity indices were recorded. Considering
these results, we could assume the community was
most diverse during November 2002, as shown by
the abundance and even distribution of species.

The Simpson Index, giving information about
the dominance of species and ranging from 0 (all spe-
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Fig. 3. Venn-diagram of species recorded in November—-December 2002 and January, November, December 2003.
Legend: O species recorded in all five months; I_I species recorded in four months.

Table 1. Number of specimens of the family Mycetophilidae collected in tree and soil traps.

Nov 2002 | Dec 2002 | Jan 2003 | Nov 2003 | Dec 2003 | Nov 2018 | Dec 2018 | Jan 2019

Mycetophilids in tree traps 4988 13428 5144 76 3451 3 3 2
Mycetophilids in soil traps 198 404 226 197 444 1 0 0
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Fig. 4. Shannon Index of fungus gnats in winter in Kameni- Fig. 5. Simpson index — Dominance index of fungus gnats

tsa Village. Legend: vertical axis (H) — values of Shanon during winter month in Kamenitsa village

Index; horizontal axis — months of the study; | — error bars. Legend: Vertical axis (1-D) — values of Simpson index;
Horizontal axis — months of the study; | — error bars.
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cies equally represented) to 1 (one species completely
dominating the community), had the lowest value in
November 2002 (Fig. 5). The most numerous species
was Coelosia flava with 2150 specimens; however,
it did not dominate over the other species, since they
were also represented by high numbers of individu-
als. Phronia basalis was the most abundant species
in December 2002 (with 10,603 specimens) and in
January 2003 (with 4357 specimens). The total num-
bers of specimens of the remaining species had me-
dium values during these months compared to those
in November 2002 and November 2003, which re-
sulted into medium values of the index. The numbers
of'the species in November and December 2003 were
small but the values of the Simpson Index were high
due to the expressed domination of Coelosia flava.
The season of 2018-2019 was characterised by large
error bars and the index values were close to zero
as mycetophilid communities in these months were
represented by two or three species, each with one
or two individuals only; therefore, no an expressed
species dominance was observed in these months.
Considering the values of the Shannon Index and the
Simpson Index, we could assume that the community
was most stable during November 2002, when it was
characterised by the greatest abundance and diversity
and had no expressed dominance of any species.

Discussion

This study provides data about 28,557 specimens of
35 fungus gnat species and 20 genera. The most abun-
dant species, Phronia basalis (14,960 specimens),
a Western-Palaearctic species, has been found to be
active during only two months: December 2002 and
January 2003. Stigmatomeria crassicornis is a newly-
recorded species for the fauna of Bulgaria. This spe-
cies has been reported from Romania (KOLCSAR &
SaLMELA 2017) and Greece (CHANDLER et al. 2005),
making its presence in Bulgaria expected; it has a
Holarctic distribution and it is frequently found in
Europe (KyZ£RANDSEN et al. 2007, CHANDLER 2013).
With the addition of S. crassicornis, fungus gnats’ di-
versity in Bulgaria reaches 318 species.

Our results show that tree traps are a much more
efficient for collecting fungus gnats than soil traps.
Tree traps have been placed on kermes oaks at 1-2
m above the ground. Due to the high number of col-
lected specimens, we could speculate that this is the
preferred air flight zone of mycetophilids. Although
tree traps have been found to gather more individuals,
fungus gnats are also abundant near the ground (as
shown by insects collected with soil traps) where they
feed or develop from larvae into imagoes.
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The species found in all winter months of
2002-2003 in the studied area are Coelosia flava and
Mycetophila marginata, frequently recorded and
widespread in the Western Palearctic and Western
Europe, respectively. Boletina gripha, Mycetophila
fungorum, Docosia gilvipes, Cordyla nitens and Ex-
echia fusca have been registered in all months and
are also widespread Palaearctic and Holarctic spe-
cies. The above-mentioned species are typical eury-
bionts, with high ecological plasticity and relatively
high abundance in winter months in the studied area.

It has been hypothesised that the high abun-
dance of fungus gnats recorded in 2002—-2003 is due
to weather conditions. We have obtained data from
the National Institute of Meteorology and Hydrology
(NIMH 2019) accounting for monthly precipitation
and average temperature in the studied area (Figs. 4,
5). The figures show that November and December
2002 as well as January 2003 are months with heavy
rainfall and average temperature between 5 and 10°C.
Considering the biological requirements of the fungus
gnats, which develop in warm and humid conditions,
a correlation can be made between weather condi-
tions in the winter months of 2002-2003 and the high
number of specimens collected during that time.

It is interesting to note that the abundance of
fungus gnats has not been high in November and
December 2018 and January 2019, even though
rainfall levels in January 2019 have been similar
to those in December 2002, i.e. the month with the
highest number of specimens — 13,824. It is likely
that the low abundance during 2018/2019 (not just
for the fungus gnats but also for other insect groups)
is provoked by various circumstances that may be
a subject of further studies such as a short-term
plague, biodiversity loss, climate change, etc.

RusseLL-SMITH (1979) has studied mycetophi-
lids in beech woodlands of Kent (England) using
four traps (30 cm x 45 c¢cm) for one year. Although
his study has been done in habitats differing from
those in the Mediterranean region, it provides infor-
mation on the seasonal activity and optimal condi-
tions for the development of fungus gnats. He re-
corded nearly 10,000 specimens in April and around
5000 in March and May. Probably such peaks in
abundance of fungus gnats, which we also found
in our study, are quite usual and depend on habi-
tats and climate conditions. We have recorded the
highest annual abundance of fungus gnats during
November, December and January, since during that
time of the year the Mediterranean habitats are hu-
mid and warm enough for the development of this
group. RUSSELL-SmITH (1979) has found that Bolet-
ina gripha and Phronia basalis are among the most
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Monthly rainfall in the region of
Kamenitsa
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(2002/2003; 2003/2004, 2018/2019).

abundant species, with more than 2000 specimens
in April. The observations of RUSSELL-SMITH (1979)
reveal the same dominant species as in kermes oak
habitats in Bulgaria, with only Coelosia flava added
by us. The possible explanation of the similar com-
position of the dominant species in these very differ-
ent habitats is the fact that the dominating taxa are
widespread Palaearctic species.

Winter activity of fungus gnats during No-
vember, December and January in Mediterranean
regions of Spain has been reported by CHANDLER
& Brasco-ZuMEeTa (2001). They have present stud-
ies on specimens collected using various methods,
including Moericke traps. Although mycetophilids
have been shown to be active during these months,
such activity was at a lower level compared to our
results from the area of Kamenitsa Village.

CHANDLER (2009) has published results of a
study on fungus gnats in Sardinia collected using
Malaise traps, recording in winter months (Novem-
ber and December) 55 out of 105 identified my-
cetophilid species; among the recorded species in
that study, some of the most abundant species from
the region of Kamenitsa Village such as Boletina
gripha, Phronia basalis and others have been listed.
However, no exact information about the numbers
of specimens has been given and we cannot com-
pare the dominant species of these two studies.

Jiirgenstein et al. (2015) have presented a study
on the group of Mycetophila ruficollis, using mo-
lecular methods on materials partially collected in
Greece during November and December, showing
once again that the winter conditions in the Mediter-
ranean provide optimal conditions for the develop-
ment of fungus gnats.

Studies on seasonal activity have been previ-
ously conducted in Bulgaria by BECHEV (2000a). The

2018/2019). Data plotted are averages of the temperature
of 10 days in C.

material was collected with an entomological net in
the West Stara Planina (Balkan Range) at an altitude
of 250-1760 m a.s.l. The fieldwork was done at 31
localities, visited periodically, mainly from March
to October during 1981-1993. BecHEV (2000a) has
recorded the most considerable presence of fungus
gnats from April to September. This might be due to
favourable conditions linked to high humidity and
warm temperatures, which are conserved at high al-
titudes even during summer months.

The results of our study, using materials from
the area of the Kamenitsa Village from habitats
dominated by kermes oak, show high abundance of
fungus gnats in winter and this new information on
the seasonal activity of mycetophilids has expanded
the knowledge about their ecological plasticity. The
studied area consists of habitats of Mediterranean
and Sub-Mediterranean type, where summer is very
dry and hot, while winter provides favourable condi-
tions for the development of fungus gnats, i.e. suf-
ficient rainfall combined with average temperature
above zero degrees. Studies in these critically endan-
gered habitats should be continued in order to imple-
ment sustainable methods that will preserve them in
the future. In addition, more studies will be needed
to obtain new data on the diversity and abundance of
organism groups and their seasonal activity.
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Appendix 1. Identified species, with their winter activity (published and new data), number of male and
female specimens in tree or soil traps and vertical distribution in Bulgaria (published and new data).

Winter Trap /specimens Vertical

Taxa activity d, @ distribution,
tree ‘ soil m a.s.L

Subfamily Mycomyinae
Mycomya (Mycomya) cinerascens (Macquart, 1826) XI; XII 3348 13 170-1740
Mycomya (Mycomya) marginata (Meigen, 1818) I XI; XII | 47333,2569% | 2843,249¢9 170-950
Mycomya (Mycomya) prominens (Lundstrom, 1913) XI; XII 283,19 170-950
Mycomya (Mycomya) tenuis (Walker, 1856) XI 1083,499 299 170-1740
Subfamily Sciophilinae
Sciophila rufa Meigen, 1830 LXLXI| 4503,1399 | 299 170-1740
Subfamily Gnoristinae
Boletina gripha Dziedzicki, 1885 I; XI; XII | 54733, 78799 383,799 170-2390
Boletina nigricoxa Staeger, 1840 XII 15083 170-1700
Coelosia flava (Staeger, 1840) I; XI; X1I ?;5271392% 3?)16269\’ 170-1250
Subfamily Leiinae
Docosia gilvipes (Walker, 1856) LXEXID | 17188, 68929 19 170-1500
Leia bimaculata (Meigen, 1804) X1 1433,499 8QQ 170-1500
Subfamily Mycetophilinae
Tribe Exechiini
Allodia (Allodia) ornaticollis (Meigen, 1818) XII 383,299 4033,1499 10-800
Allodia (Brachicampta) alternans (Zetterstedt, 1838) L XI; XIT| 13383, 7899 170-1250
Allodia (Brachycampta) pistillata (Lundstrom, 1911) XI 18,19 170-1250
Allodiopsis domestica (Meigen, 1830) XI 18,299 170-1250
Brevicornu (Brevicornu) fissicauda (Lundstrom, 1911) XI; XII 8443, 4599 1? 170-1250
Cordyla brevicornis (Stacger, 1840) XII 25383, 12848 170-1500
Cordyla crassicornis Meigen, 1818 X1I 3448 5-600
Cordyla fusca Meigen, 1804 X1 1283 170-1100
Cordyla nitens Winnertz, 1863 LXLXIT| 943,1999 733,299 170-1100
Exechia fusca (Meigen, 1804) LXEXIT| 6433,2899 283,499 170-1100
Exechiopsis (Exechiopsis) magnicauda (Lundstrom, 1911) X1 1383,299 170-1250
*Stigmatomeria crassicornis (Stannius, 1931) LXEXI| 283,1099 4909 170-240
Synplasta gracilis (Winnertz, 1863) XII 2343 170-1250
Tarnania fenestralis (Meigen, 1818) XII 1533 100-1250
Tarnania nemoralis (Edwards, 1941) I 18 170-1200
Tribe Mycetophilini
Dynatosoma fuscicorne (Meigen, 1818) XI; XII 7283,1399 170-1700
Mycetophila fungorum (De Geer, 1776) I XI; XII | 43743,4169% | 1043, 1099 150-1700
Mycetophilaarginata Winnertz, 1863 I XI; XII | 47383,2569% | 28443,249¢9 150-2000
Mycetophila ocellus Walker, 1848 XI 21583, 10399 150-2000
Phronia basalis Winnertz, 1863 I; X1I 86612622% 6733,459¢9 100240
Phronia biarcuata (Becker, 1908) XL XIT | 47483,37599 | 7083,199¢9 170-1200
Sceptonia cryptocauda Chandler, 1991 XI 18 19 170-800
Sceptonia flavipuncta Edwards, 1925 XII 1083 10-1000
Sceptoniaembranacea Edwards, 1925 X1 1383,599 283,19 10-1500
Trichonta venosa (Stacger, 1840) L XX | 3243,1099 170-1000
Trichonta vitta (Meigen, 1830) XI; XI1 2183,799 100-1000
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