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Phylogenetic studies in Trichocera

(Diptera: Trichoceridae)

Nikola-Michael Prpic—Schéiper1

I performed a phylogenetic analysis using a selection of publicly available sequence
fragments (so-called “DNA barcodes”) of the mitochondrial gene Mt-CO1 (this
gene encodes subunit I of cytochrome ¢ oxidase) from animals of the genus Trichocera
(Fig. 1). The analysis reveals two major branches:

Group 1: the taxon hiemalis

Group 2: all other taxa

This division, as well as the further branching pattern within Group 2, does not
correspond to the currently used internal classification of the genus into the
subgenera Trichocera, Metatrichocera, Saltrichocera, and Staryia (see Krzeminska

2021).

Group 1: this monophyletic group is formed exclusively by individuals identified as
Trichocera hiemalis. The group displays a considerable amount of substructuring in
northern America.

Fig. 1 (on next page): Phylogenetic tree of selected individuals of the genus Trichocera. The analysis is
based on the available sequence fragments of the mitochondrial gene Mt-COI. The information content
of the sequence fragment (usually less than 700 bp, known as ‘DNA barcode’) is severely limited due to
its short length. However, in closely related species (as in this case), a phylogenetic signal can often still
be recovered. For the phylogenetic tree, the genetic distance between the sequence fragments was
calculated (the scale indicates the extent of genetic change). Distance-based methods are only meaningful
for DNA sequences that evolve according to the molecular clock, which applies to only a few genes, but
is approximately the case for the Mt-COI gene. The distance calculations shown are based on a sequence
alignment performed using Clustal Omega (Sievers & Higgins 2021; Madeira et al. 2024). The
phylogenetic tree was rooted using the species Tipula oleracea. The letter-number combinations shown
in the phylogenetic tree are the accession numbers of the respective sequences in GenBank (Sayers et al.
2022) and the BOLDsystems database (Ratnasingham & Hebert 2007), respectively.

' Author contact: Nikola-Michael Prpic-Schiper, Institut fiir Zoologie, Justus-Liebig-
Universitit GieBen, Heinrich-Buff-Ring 38, 35392 Giellen.
E-mail: nprpi@zo.jlug.de
23



Hefte zur Tierwelt Deutschlands 5, 23-31 (2026)

ISSN 2195-4992

regelationis

annulata / implicata

japonica /
columbiana
bimacula

II annulata / longa

excilis?

maculipennis
m arctica

s;I't;or.
m forcipula

ol

».._i_._..._..

hiemalis

saltator / brevis / dufouri

rufulenta / parva
W major

rufulenta
recondita

ahlae
rufescens
Wsparsa

24

Fig. 1 (legend on previous page)




Hefte zur Tierwelt Deutschlands 5, 23-31 (2026)

ISSN 2195-4992

s— KM971858.1_Trichocera_sp.

KR471796.1_Trichocera_sp.
- KR45909151 Trichocera_sp.

] \_sp.
RA471361.1° sp.

1 _Sp.
R457683.1 Tri sp.
R466754.1 Tri sp.

& B _Sp.

17 Sp.

1 Tri _Sp.

KR472821. :_ richocera_sp.

_SPp.
KR4623-~5.1_Trichocera_sp‘

1962180.1_Tri sp.

1 sp.

1 sp

.1 _S|
R981488.1_ _sp,

KR457554. 1_ _spv

- KR4697051 Tnchocera Sp

s— KR476093.1"Trichocera_t

| 4 KR457089.1 Trlchocera sp.
KR468778.1_Trichocera_sp.

i—— KR471408.1_Trichocera_sp.

KM964250.1_Trichocera
«— MF83:

sp.
3473.1 'ﬁ'lchooera _Sp.

* KR466660.1_Trichocera_sp.
KR467483.1_Trichocera_sp.
KR476081.1_Trichocera_sp.
KR473403.1 Trichocera_sp.
Trichocera_sp.

1_Trichocera_sp.

KR458333.1_Trichocera_sp.

4 1] _Sp.

.1_Trichocera_sp.

.1_Trichocera_sp.

KR 87.1_Trichocera sp
.1

. _sp.
~$KR462142.1_Trichocera_sp.

— KR464607. _Sp.
— KR475173.1_Trichocera_sp.
KR470545.1_Trichocera_sp.
KR456757.1_Trichocera_sp.
KR456762.1 'lnchocela sp.

1 p.

KR461138.1 Trichocera_ sp.
R469103.1_Trichocera_sp.
6968.1_ _Sp.
8446.1_Tri _sp,

1952965.1 Tricht

R470676.1 Trichocera sp.'
807 1

KR4667831 T"cnocera _Sp.
1_Trichocera_sp.
KM9717031 Trichocera _Sp.
KRA457917.1 Trichocera_ sp

KM953270, Tnchocera Sp.
KR461296.1_Trichocera_sp.
— KR3843171 Tnchocera sp.

KR3844:

MG170695.1_Trichocera_

MG1705331 Tnchocera _SP.
MG166039.1_Trichocera_sp.
KR383393.1 Trichocera_sp.
MG166651.1_Trichocera_sp.
MG165336.1_Trichocera_sp.

KR770148.1_Trichocera_sp.
MG163882.1_Trichocera_sp.
MG163844.1_Trichocera_sp.
KR778658.1_Trichocera_sp.
MG1S59931 Trichocera_sp.
383486.1_Trichocera_sp.
KR3 1939.1 Trichocera_sp.
KR389878.1"Trichocera_sp.
KR392521.1_Trichocera_sp.
MG170970.7_Trichocera_sp.

MG164220.1_Trichocera_sp.

MG169215.1_Trichocera_sp.

MG1 64962 1_Trichoc
9717

32'1 | Trichocera_sp.
KR394517.1 Trichocera_sp.
MG164463.1_Trichocera_sp.

_Sp.

KR398366| Trichocera_sp.
G169643.1_Trichocera_sp.
MG1 65129.1 Trichocera_sp.
MG170122.1 "Trichocera_sp.
MG169532.1 |_Trichocera_sp.
MG163562| Trichocera_sp.
IG166411.1_Trichocera_sp.
MG1701001 Trichocera_sp.
MG169391.1 Trichocera_sp.
e

1_Trichocera_sp.

KR388135.1_Trichocera_sp.

KT618481.1_Trichocera_sp.
MG163304.1_Trichocera_sp.
R744765.1_Trichocera_sp.
MG165733| Trichocera_sp.
1_Trichocera_sp.

MG17D|051 ﬂchocera _Sp.
MG167341.1_Trichocera_sp.
KR730017.1_Trichocera_sp.

_rrTOBSM .1_Trichocera_s
KR389389.1_Tr

oce
MG166656.1_Trichocera_sp.
KR387411.1_Trichocera_sp.

KR389460.1_Trichocera_sp.
KR383738.1_Trichocera_sp.
KR383697.1_Trichocera_sp.

MG165747.1_Trichocera_sp.
KR385697.1_Trichocera_sp.
g—KR3993921 Trichocéra, sp.

G166185.1 _Sp.

396770.1 1_Sp.
1G163227.1_Tri _Sp.
IG mun33 1 _Sp.

sp.
KT615208.1 Tncnacera . sp.
tMG‘IGB3567 Trichocera_sp.
MG163228.7_Trichocera_sp.
KR392261.1_Trichocera_sp.
_— MG164751.1_Trichocera_ sp.
MG163946.1_Trichocera_sp.
L~ KR38202371_Trichocera_sp.
MG163708.1_Trichocera_sp.
MG165671.1 Trichocera_sp.
MG167483.1_Trichocera_sp.
KR979849.1_Trichocera_sp.
KR435887.1_Trichocera_s

AEWVT12191 24.COI-5P_ gnchocera hiemalis_Canada
G1

68712.1_Trichocera_sp.
G1657361 Trlchocera sp

KR3¢ 3.1 Tnchooara _Sp..
KR390735.1_Trichocera_sp.
KR385631 1 Trlchoeera _Sp.

frichocera_sp.
richocera_sp.
richocera_sp.
richocera_sp.
richocera_sp.

XX

L KR384889.1 Trichocera sp:
KR393471.1_Trichocera_sp.
KR385962.1_Trichocera_sp.

KR500321.1_Trichocera_sp.
MG168928.1 Trichocera_sp.

G168903.7_Trichocera_sp.

M
MG170192.1 Trichocera_ sp.
MG169609.1 Trichocera_sp.

— GMFIAOZZ 12.COI-5P_Trichocera_hiemalis_f
PASA1591-22.COI-5P_Trichocera_hiemalis_Sweden

GBMWN1368 15.COI-5P_Trichocera_t

Finland

hiemalis_Germany

CANOP097-21.COI-5P_Trichocera_hiemalis_France
GBMWN1514-15.COI-5P_Trichocera_hiemalis_Germany

KR390606.1_Trichocera_sp.
KR394281.1_Trichocera_sp.

hiemalis

Fig. 2 (legend on
next page)

25



Hefte zur Tierwelt Deutschlands 5, 23-31 (2026)
ISSN 2195-4992

Group 2: At the base of this monophyletic group are the taxa sparsa and major, each
forming a monophyletic group. This is followed by a monophyletic group
comprising individuals identified as either "parva" or "rufulenta". It is interesting
to note that the taxon rufulenta forms two completely separate groups in the analysis.
[ therefore suspect that there are inaccuracies in the identification of this taxon, and
that as a result, individuals of the taxon parva are often misidentified as belonging to
the taxon rufulenta. It is possible that the “rufulenta” individuals in the
“rufulenta/parva” monophyletic group are misidentified Trichocera parva, and the
second monophyletic “rufulenta” group could then represent the actual taxon
Trichocera rufulenta.

The remaining members of Group 2 are subdivided into two large monophyletic
clades in the tree:

Subgroup A: this subgroup comprises the taxa regelationis, maculipennis, arctica,

saltator, forcipula, dahlae, brevis, dufouri, lutea, rufulenta, recondita and rufescens.

Subgroup B: this subgroup comprises the taxa excilis (presumably; see below),

japonica, columbiana, bimacula, annulata, longa and implicata.

In Subgroup A, the taxon rufescens (with the exception of the likely misidentified
specimen with accession number NMS182-22.COI-5P, which was identified as
Trichocera rufulenta) forms a monophyletic group. The taxon recondita is also distinct.
It forms the sister group to a monophyletic clade comprised of specimens identified
as "rufulenta". As explained above, this group may represent the actual Trichocera
rqfu]enta.

The next distinct branch is the taxon lutea as a monophyletic group. Marginally
distinct from the other groups is a monophyletic group comprising the taxa arctica,
saltator, forcipula, dahlae, brevis, and dufouri. Internally, however, this grouping is
problematic: while the taxa arctica, forcipula, and dahlae are better defined and
appear as monophyla, the taxon saltator is polyphyletic, and the taxon dufouri is
paraphyletic with respect to the taxon brevis.

Fig. 2 (on previous page): Magnified view of Group 1 in the phylogenetic tree in Fig. 1. The rnagnified
portion is indicated by the box in the inset.

Fig. 3 (on next page): Magnified view of Group 2 in the phylogenetic tree in Fig. 1. The magnified
portion is indicated by the box in the inset.
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Interestingly, these issues reflect current taxonomic difficulties: Krzeminska (2021)
has already pointed out that the taxon saltator appears to consist of two
morphologically distinct groups: one group (the "true" Trichocera saltator) whose
females possess long ovipositors, and a second group whose females possess short
ovipositors and therefore resemble the females of Trichocera brevis. This could
explain the results of the phylogenetic analysis, since two "saltator" groups are also
present there: a clearly distinct and monophyletic "saltator" group and a second
"saltator" group that clusters together with individuals identified as "brevis". The
two sequences from specimens identified as "dufouri" also fall into this second
group. However, these form a monophyletic group only when combined with the
specimens identified as "brevis". The "dufouri" specimens could therefore be
misidentified brevis specimens. Alternatively, the taxa brevis and dufouri may be
synonyms. Another possibility to consider, however, is that the taxon brevis evolved
from the taxon dufouri, since in such analyses at the individual level, species do not
have to appear monophyletic as long as they behave biologically as two distinct
species (i.e., they do not interbreed). It is evident, therefore, that there is a
considerable need for further research on this topic.

Finally, in Subgroup A, the taxa regelationis and maculipennis form clearly defined
monophyletic groups. A distinct monophyletic group comprising individuals from
North America appears to be the sister group of maculipennis; I am unable to assign
a name to this group and have therefore marked it with a question mark in Fig. 1

and Fig. 3.

In Subgroup B, certain animals identified as "annulata" and "implicata" form a
monophyletic group. Both taxa, annulata and implicata are very similar in the
structure of both the male and female genitalia, making misidentifications quite
likely. Synonymy between the two taxa is also a possibility. However, the taxon
annulata is not monophyletic in the analysis: an "annulata" specimen from
Switzerland forms another monophyletic group together with an animal identified
as "longa" from the United Kingdom of Great Britain and Northern Ireland. Further
research is therefore needed on this topic as well.

The taxon bimacula forms another distinct monophyletic group within Subgroup B.
The next monophyletic group mainly consists of individuals identified as "japonica".
This group includes two individuals identified as "columbiana", which may be
misidentifications, however, as Krzeminska (2021) points out that Trichocera
columbiana is poorly characterized in the existing identification literature, leading to
frequent misidentifications. Finally, there is another monophyletic group consisting

28



Hefte zur Tierwelt Deutschlands 5, 23-31 (2026)
ISSN 2195-4992

of North American specimens that represents the sister group to the
"japonica"/"columbiana" specimens. Since this apparently represents a "japonica"-
related taxon from North America, this could be the taxon excilis, which was long
considered synonymous with Trichocera japonica, but is now regarded as a separate
taxon (see discussion in Krzeminska (2021)). However, since this is uncertain, I
have marked the taxon name excilis with a question mark in Fig. 1 and Fig. 3.

In this analysis, it is immediately apparent that the assessment of the internal
structure of the two main groups (Group 1 and Group 2) differs significantly. In
Group 1, despite obvious internal structuring and holarctic distribution, only a
single species — namely Trichocera hiemalis — is recognized. In Group 2, however, a
very similar internal structure and similar worldwide distribution has attracted
considerably more attention from taxonomists, and each lineage is recognized as a
separate species. One might question whether such unequal treatment is
appropriate. Two approaches are conceivable:

(a) The lineages in Group 1 are also recognized as separate species and formally

described accordingly.

(b) As in Group 1, no taxonomic significance is attached to the internal
substructure within Group 2, and the entire Group 2 is regarded as a single
species bearing the oldest available name Trichocera regelationis Linnaeus, 1758.

Salokannel et al. (2026) have recently investigated phylogenetic relationships based
on new DNA barcoding sequence data obtained from Finnish specimens. They
report a good congruence of morphologically delimited species (mainly based on
genitalia morphology) with phylogeny based on barcode sequences. Unfortunately,
the phylogenetic analysis by Salokannel et al. (2026) does not specify the root that
has been used in the analysis. Because rooting has significant impact on the branching
pattern and evolutionary trajectory reconstruction, and therefore contains crucial
information for topology comparisons between independent phylogenetic analyses,
it is difficult to compare their results with the results presented in the present study.

There is therefore still a considerable need for further research in Trichocera
phylogenetics and evolution, which ideally should include not only additional
genetic data (e.g., sequences of nuclear genes or entire genomes), but also the often
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unknown biology of the taxa (e.g. gene flow analyses or studies on reproductive

biology).
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Supplementary information

The phylogenetic tree shown in Fig. 1 and the sequence dataset used in its
reconstruction are available for download from the Zoographia Germaniae website:

File #1: Not annotated phylogenetic tree with high resolution
File name: SI_HTD_5_23-31_Trichocera_phylogeny.pdf
File size: 458 kb

File #2: List of the DNA barcode sequences used in the phylogenetic analysis
File name: SI. HTD 5 23-31 Trichocera_barcodes_data_set.fasta
File size: 300 kb

Publication date of this article: November 5, 2026

© The Author 2026. All rights reserved.

The Author does not warrant or assume any legal liability or responsibility for the accuracy, currency,
completeness, or usefulness of any information, apparatus, product, or process disclosed. The Author
acknowledges the rights of others to protect their copyrights, patent and trademark rights. The
mentioning or display of registered trademarks or items protected by copyright or other rights in this
publication does not mean that the Author holds any rights in it or that rights in it are free or available.
The Author does not endorse or recommend any commercial products, processes, or services.

31



