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Abstract

Boletina kowarzi Stackelberg, 1943 (Diptera: Mycetophilidae) is recorded from Central Europe for the first time in nearly 150 years.
The species was originally described based on a single specimen from Thuringia, Germany, collected in 1877, and has not been reported
from Central Europe since. New material collected in the Bavarian Alps, Germany, has enabled a redescription and updated diagnosis of
the species. The morphology of the male terminalia is documented in detail and illustrated together with the general habitus. Diagnostic
characters confirm that B. kowarzi belongs to the species group centred around B. dubia, characterised by a two-branched gonostylus with
elongated branches, but it is distinguished from related species by the structure of the inner gonostylar branch and the arrangement of
spines on the cerci. DNA barcode data (COI), including diagnostic molecular combination (DMC), reveal pronounced genetic divergence
between B. kowarzi and other examined congeners, supporting its distinct species status. The new specimens were collected in an old-
growth forest remnant in the Bavarian Alps, characterised by abundant dead wood and a rich community of wood-inhabiting fungi. The
discovery suggests that the species may persist in relic montane forests, although its ecological requirements remain poorly understood.
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Introduction to the tropics. Even in Europe, despite more than two centu-

ries of taxonomic study, a good number of species remains

Fungus gnats (Diptera: Mycetophilidae) have gained con-
siderable attention over the last decades and represent one
of the most intensively studied groups of Diptera (Whit-
more et al. 2021). Nevertheless, Meier et al. (2025) charac-
terised the family as a “dark taxon”, with a highly uncertain
global species richness. This is underscored by a recent inte-
grative revision of Mycetophilidae from Singapore, which
revealed 115 species new to science from a single, small
geographic area (~730 km?), corresponding to an unde-
scribed-to-described ratio of approximately 23:1 (Amorim
et al. 2025). Indeed, the taxonomic deficit is not restricted

undescribed (e.g. Kjarandsen and Seli 2020), emphasising
that Mycetophilidae exemplify a globally under-character-
ised lineage across both well- and poorly studied regions.
It is noteworthy that several valid European Myce-
tophilidae species, described from material collected in
the nineteenth century, have not been recorded since,
including Boletina fuscula Holmgren, 1883, Leia mac-
ulosa Strobl, 1898, and Phthinia gracilis Winnertz,
1864 (Chandler 2005 and subsequent authors). Here, we
present a new record of another very rare fungus gnat,
Boletina kowarzi Stackelberg, 1943 (Fig. 1), originally
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Figure 1. Habitus of Boletina kowarzi Stackelberg, 1943.

described from German material collected in 1877 and
not recorded from Central Europe since. We provide an
updated diagnosis of the species, with emphasis on the
male terminalia, supplemented by detailed photographs
of the terminalia and habitus, as well as DNA barcode
data and the diagnostic molecular combination.

Material and methods

The examined material was collected using Townes-
type Malaise traps and preserved in 80% ethanol de-
natured with methyl ethyl ketone (MEK). The traps
were installed in the Totengraben natural forest reserve
within the Mangfall Forest protected area in the Ba-
varian Alps. The reserve covers 46.7 ha and includes
a ca. 5 ha remnant of primeval forest embedded within
a near-natural mixed mountain forest (Schnell 2004).
It is situated on a steep northwestern slope at 970—
1390 m a.s.l. and is characterised by a cool montane
climate with a mean annual temperature of 4.5 °C and
annual precipitation of 1800-2000 mm. Summers are
cool, winters snowy, and the growing season lasts ap-
proximately 185 days. The vegetation corresponds
to an Aposerido-Fagetum mixed mountain forest on
Main Dolomite, dominated by fir, spruce, beech, and
sycamore maple (Schnell 2004). The primeval forest
stands contain trees approximately 200—450 years old.
One trap (47.59395°N, 11.69079°E) was placed near
an old, broken beech tree (Fagus sylvatica L.) heavily
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infested with fungi, whereas the other (47.59420°N,
11.69417°E) was placed about 260 meters from the first
trap in a stand of old beech, fir, and spruce trees.

The collected insect material was sorted into selected
groups, including Mycetophilidae, which were subjected
to DNA barcoding and subsequently morphological ex-
amination following the reversed work flow of Meier et
al. (2025). For species-level identification, characters of
the male terminalia provide the most reliable diagnostic
features. Accordingly, male terminalia were dissected,
macerated in 10% KOH, neutralised with acetic acid,
rinsed in distilled water, and examined in glycerine; they
are preserved in glycerine in a microvial attached to the
specimen. Photographs of the habitus and terminalia were
taken using a Leica K5C camera mounted on a Leica
205C stereomicroscope, with image stacking performed
in LAS X or Helicon Focus. Image plates were prepared
in Adobe Photoshop CS5 (cf. Kjerandsen et al. 2022).
Morphological terminology follows Seli (1997, 2017).
The examined material is deposited in the Bavarian State
Collection of Zoology (SNSB), Munich, Germany.

DNA extraction and barcode amplification followed
the protocols described in Srivathsan et al. (2021). To
amplify the 658 bp COI barcode, the forward primer
LCO1490 (Folmer et al. 1994) and the reverse primer
modified jgHCO2198 (Geller et al. 2013) were used, and
9 bp tags (Srivathsan et al. 2024) on the 5’ end of both
primers were used for multiplexing the PCR products for
sequencing. DNA sequencing was conducted on the Ox-
ford Nanopore MinlON platform following the protocol
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described in Srivathsan et al. (2024), using a MinlON
R10.4.1 flow cell in the GridION sequencing device
and ‘super-accuracy’ basecalling mode. Demultiplexing
of sequences was conducted with ONTbarcoder version
2.0 (Srivathsan et al. 2024) with the following settings:
“Conventional barcoding”, “1” bp tag mismatch, and all
other settings on default.

For generating a molecular diagnosis as recommended
by Rheindt et al. (2023) and testing candidate diagnos-
tic molecular combination (DMC), 9,097 COI sequences
over 300 bp long were downloaded from BOLD (Rat-
nasingham et al. 2024; accessed 20 March 2026) for the
genus Boletina and aligned with the COI sequences of
the four specimens examined in this study using MAFFT
(Katoh and Standley 2013). The sequences were divid-
ed into two datasets, with the first set containing 4,517
sequences used to generate the DMC and the second set
containing 4,584 sequences used to test the DMC. The
DMC was generated with the Find DMCs function in Ul-
TOTO (Torres et al. 2026) with the default parameters
(iterations 5,000-20,000, minimum DMC length §, min-
imum number of exclusive character states 4, refinement
strength 0-0.25). Testing against aligned sequences was
done with the default parameter maximum 1 mismatch al-
lowed, and DMC visualization was done with the Visual-
izer function in UITOTO. DMC of the species is provided
together with morphological diagnosis below.

To assess genetic differentiation among morphologi-
cally allied Boletina species, cytochrome ¢ oxidase sub-
unit [ (COI) sequences were retrieved from the Barcode
of Life Data Systems (BOLD; Ratnasingham et al. 2024).
Sequences were aligned and pairwise genetic distances
were calculated in MEGA X (Kumar et al. 2018) using
both uncorrected p-distance and the Kimura 2-parameter
(K2P) substitution model.

Results

Boletina kowarzi Stackelberg, 1943
Figs 1,2

Material. GERMANY * 2 J'&'; Bavaria, Mangfall moun-
tains, Wildbad Kreuth, Totengraben; 47.59395°N,
11.69079°E; 1210 m a.s.l.; 26 May — 27 June 2023; D.
Doczkal & J. Voith leg.; Malaise trap; natural forest re-
serve, at fallen old Fagus tree (SNSB: EBM0000673,
EBMO0000683) * 1 &' 1 Q; Bavaria, Mangfall mountains,
Wildbad Kreuth, Totengraben; 47.59420°N, 11.69417°E;
1270 m a.s.l.; 26 May — 27 June 2023; D. Doczkal &
J. Voith leg.; Malaise trap; natural forest reserve (SNSB:
EBM0000207, EBM0000236).

The following description and diagnosis focus on the
structure of the male terminalia, which, although ade-
quately illustrated, have so far been described only su-
perficially (Stackelberg 1943). Boletina kowarzi has not
been included in any published identification key to the
Palaearctic Boletina species (e.g., Hutson et al. 1980;

Zaitzev 1994; Chandler in press); therefore, external
body characters of male specimens used in such keys are
also included. However, the studied material includes
three males and one female. The females of B. kowar-
zi have not been described previously, and the sexes are
here associated solely based on molecular data. In related
Boletina species, species-specific morphological charac-
ters are not well developed in females, and they currently
remain indistinguishable without associated male speci-
mens. Pending a detailed comparison of female termina-
lia across the wider species group and genus we consider
it redundant to provide a description of a single non-diag-
nostic female specimen of Boletina.

Diagnostic body characters and male terminalia.
Medium-sized species (Fig. 1); body length 4.6 mm,
wing length 4.6 mm, wing width 2.1 mm. Lateroterg-
ite with 3—4 strong setae along the posterior margin. Sc
bare. Crossvein sc—r absent. Body coloration brown to
dark brown, abdomen somewhat lighter than thorax and
head. C reaching about one-third of the distance from
R, to M,. Medial fork well developed, bearing dense
macrotrichia except at the base. R, ; somewhat sinuous.
Male tarsal claws unmodified. Tergite IX elongated. Cer-
ci 1.8 times wider than long, bearing two combs: ante-
rior row shifted laterad, leaving the anteromedial corner
bare, with 19-20 stout setae; posterior row short, situat-
ed posteromedially, with 9—12 stout setae. Sternal sub-
median appendages anteriorly fused, bare; lateral mar-
gins somewhat folded; medially widened; posterior half
constricted and separated into two halves by a medial
cleft. Inner branch of the gonostylus long and narrow,
tapering; posterior fifth folded; bearing one short spine
at the posterior third and a few very short setae posterior
to it; otherwise bare. Lateral branch of the gonostylus
elongated, tapering, somewhat curved inward; anterior
three-quarters setose; posterior quarter bare except for
a few weak subapical setae; apex beak-shaped. Aedea-
gal complex elongated. Aedeagus digitate. Ejaculatory
apodeme anteriorly bilobed. Parameres with rounded
apices, slightly protruding beyond the sternal submedian
appendages. Prongs of the parameral apodeme anteriorly
fused, forming a spatulate lobe.

Differential morphological diagnosis. Based on the
structure of the male terminalia, B. kowarzi belongs to a
species group centred around B. dubia (Meigen, 1804),
which is characterised by a two-branched gonostylus
with both branches elongated. Within this group, B. kow-
arzi is morphologically most similar to B. dubia and
B. plana (Walker, 1856). These species can be readily
distinguished by the structure of the inner branch of the
gonostylus: in B. kowarzi, it bears a spine at the posterior
third, whereas the inner branch lacks a spine in B. dubia
and bears an apical spine in B. plana. In addition, the cer-
ci of B. kowarzi possess two incomplete combs of small
spines, while in the other species both combs extend al-
most across the entire width of the cerci. The tarsal claws
of B. dubia are modified, whereas those of B. kowarzi and
B. plana are unmodified.
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Figure 2. Male terminalia of Boletina kowarzi Stackelberg, 1943. A. Ventral view; B. Ventral view, with tergite 9, cerci and aedeagal
complex detached; C. Dorsal view; D. Aedeagal apparatus, dorsal view; E. Aedeagal apparatus, lateral view; F. Aedeagal apparatus,
ventral view; G. Aedeagal apparatus, apical part. Abbreviations: aed = aedeagus; ej ap = ejaculatory apodeme; gc = gonocoxite; gst
ib = inner branch of gonostylus; gst Ib = lateral branch of gonostylus; par = paramere; par ap = parameral apodeme; ssa = sternal
submedial appendage; tg = tergite. Scale bars: 0.1 mm (A—C); 0.05 mm (D-G).
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Diagnostic molecular combination.

Boletina_kowarzi EBM0000207 _dv_totgrl 1 _
27Jun2023

[23:A,24:G,25:A,68:A,100:T,173:A,211: A,493: T]

aatattatattttatttttgga AGAtgagctggaataattggtacctcttta-
agaattttaattcgaAcagaattaggtcacccaggtgctttaattg-
gTgatgatcaaatttataatgtaattgtaacagctcatgcttttgtaata-
attttttttatagtaataccaattAtaattggaggatttggaaattgactagtc-
cctttaatAttaggagccceccgacatageattcectcgaataaataacata-
agtttttgattacttcccecttcattaattttacttttatctagaagaatagtt-
gaaacaggagctggtacaggttgaacagtttaccctccectatcatcaa-
caatcgctcatgcaggagcatcagtagatttagctattttttctctacatttage-
cggaatttcatctattttaggagctgtaaatttcattacaacaattattaatatac-
gagccccaggaattactttagatcgTataccattatttgtatgatcagtat-
taattacagcaattttattacttttatctttacctgtattagctggagctatca-
caatactattaacagatcgtaatttaaatacttcattttttgatcctgetggag-
gaggagaccctattttataccaacatttattt

Molecular comments. All four examined specimens
shared an identical COI haplotype. Analysis of DNA bar-
code data for Boletina species with a two-branched gono-
stylus available in the BOLD database (Ratnasingham et
al. 2024) indicates pronounced interspecific differentia-
tion of Boletina kowarzi from all other examined Boletina
species, viz., B. curta Sasakawa & Kimura, 1975, B. du-
bia, B. kullervoi Salmela, 2016, B. landrocki Edwards,
1924, B. plana and B. villosa Landrock, 1912. Uncorrect-
ed p-distances between B. kowarzi and congeners range
from 10.09% to 13.94%. Corresponding distances cal-
culated using the Kimura 2-parameter (K2P) model are
somewhat higher, ranging from 11.14% to 15.45%. Based
on uncorrected p-distance, B. dubia represents the nearest
genetic neighbour of B. kowarzi, whereas under the K2P
model the smallest divergence is observed with B. villosa
(11.14%). The greatest divergence is observed between
B. kowarzi and B. kullervoi, reaching 13.94% (p-dis-
tance) and 15.45% (K2P). Both uncorrected p-distance
and K2P analyses show comparable patterns of interspe-
cific divergence, although the nearest neighbour differs
between models (Table 1).

Discussion

Although B. kowarzi was described by Aleksander Stack-
elberg (1897—-1975) in 1943, the description was based
on a single specimen collected much earlier, in 1877,
by Ferdinand Kowarz (1838-1914) at Bad Liebenstein,
Thuringia, Germany. Ferdinand Kowarz, employed by
the Imperial Austrian Telegraph Department, was among
the foremost European dipterologists of the second half
of the nineteenth century (Osten Sacken 1903). Over the
course of his career, Kowarz assembled several Diptera
collections, which he sold at various times out of eco-
nomic necessity (Pont 1998). These collections are now
dispersed across European museums. Part of his Myce-
tophilidae material is housed in the Swedish Museum of
Natural History, Stockholm (Kurina 2003), while other
specimens are distributed among various European insti-
tutions (Kurina pers. obs.). The holotype of B. kowarzi
is preserved in the collection of the Zoological Institute,
St. Petersburg, Russia. Stackelberg (1943) provided illus-
trations of the male terminalia, which enable the unam-
biguous recognition of conspecific specimens. However,
the general habitus of the species (Fig. 1) and the aedea-
gal complex (Fig. 2D-G) are illustrated here for the first
time. Boletina kowarzi appears to be a genuinely rare spe-
cies with a scattered distribution. Remarkably, despite in-
tensive collecting activity in Central Europe, no addition-
al records from the region have been reported until now.
The species was recorded from two old-growth broad-
leaved forest localities in SE Norway in the late 1990s
(Gammelmo and Seli 2006; GBIF 2026) and is red-listed
as vulnerable (VU) in Norway (Gammelmo et al. 2021).
It has not been rediscovered during the intensified study
of Nordic fungus gnats in recent decades (Kjarandsen
and Seli 2020) and has hitherto been absent from DNA
barcode datasets including those generated by metabar-
coding within the National Insect Monitoring in Norway
(Astrom and Davey 2025). The material examined here
was collected in the Totengraben natural forest reserve in

Table 1. Interspecific COI genetic distances (%) between Boletina kowarzi and other Boletina species calculated by uncorrected

p-distances and Kimura 2-parameter (K2P) distances models.

Comparison species, BIN ID

Specimen from BOLD database: country of

Uncorrected p-distance (%) K2P distance (%)

origin, BOLD process ID

Boletina dubia male, Norway, NORSC893-16; 10.09-11.6 12.02-12.63
(BOLD:ACW3847) male, Finland, SCFI435-15;

male, United Kingdom, KNEP5015-24
Boletina villosa male, Norway, NORSC4865-21; 10.33-11.29 11.14-12.26
(BOLD:ACD7304) male, Norway, NORSC4881-21
Boletina landrocki male, Finland, FIMYCO10-14; 12.77 14.01
(BOLD:ACM2274) male, Norway, TSZJK302-15
Boletina curta male, Finland, GBMIN59183-17; 11.04 11.95-12.36
(BOLD:ADD1952) male, Japan, GBDP25924-19
Boletina plana male, Germany, GMGRD3405-13; 13.53-13.83 14.93-15.30
(BOLD:ABU6853) male, Norway, NOMYC441-13
Boletina kullervoi male, Finland, LEFIJ32608-23; male, Finland, 13.91-13.94 15.43-15.45
(BOLD:AFC1136) LEFIJ33910A-23
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the Bavarian Alps, an area characterised by large quanti-
ties of dead wood (approximately 150 m?/ha) and a rich
diversity of wood-inhabiting fungi (Schnell 2004). Such
old-growth forests now persist only as remnants in Cen-
tral Europe. Given the scarcity of fungus gnat records
from Alpine forests, it remains unclear whether B. kowar-
zi is specifically associated with such old-growth habitats.
Boletina kowarzi occupies a distinct position among
Palaearctic Boletina species. While the morphology of
the male terminalia indicates the closest similarity of
B. kowarzi to B. dubia and B. plana, both uncorrected
p-distances and Kimura 2-parameter (K2P) distances re-
veal strong genetic differentiation of B. kowarzi from all
other examined Boletina species. Interspecific divergence
values range from approximately 10-14% based on p-dis-
tances and 11-15.5% using the K2P model, with B. du-
bia representing the nearest genetic neighbour under both
metrics. These values substantially exceed the commonly
applied minimal interspecific COI threshold for insects
(= 2%; Zhang and Bu 2022) and the mean distance to the
nearest neighbour (6.97%) in the Nordic region (Kjaerand-
sen 2022). Although the recorded divergence levels are
high, they are not unprecedented within Mycetophilidae.
Jirgenstein et al. (2015) reported interspecific COI diver-
gences of approximately 2.9-10.6% among closely related
species in the Mycetophila ruficollis species group. More-
over, Kurina and Ounap (2023) documented unexpectedly
high interspecific COI divergences (10.2—18.1%) among
sympatric Neotropical Zygomyia Winnertz, 1864 species.
These examples demonstrate that the high divergence val-
ues observed for B. kowarzi and its congeners fall within
a plausible range for deeply diverged evolutionary lineag-
es in Mycetophilidae. The concordance between distance
measures and the magnitude of divergence supports the
recognition of Boletina kowarzi as a well-defined and
evolutionarily distinct lineage within Boletina.
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