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Abstract. Phylogenetic analyses between fossil species of the subfamily Bruchomyiinae were conducted. 
Based on them, a new subgenus, Palaeoglaesum (Amplissimum) subgen. nov., within the genus Palaeo-
glaesum is proposed. Two new species, Palaeoglaesum angustum sp. nov. and Palaeoglaesum cracoviae 
sp. nov., from Cretaceous Myanmar amber are described and illustrated herein.
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I.  Introduction

Psychodidae Newman, 1834 (commonly named 
sand flies, moth flies or drain flies) is a morphologi-
cally and systematically diverse family of Diptera with 
a worldwide distribution. There are six extant sub-
families – Bruchomyiinae Alexander, 1920; Horai-
ellinae Enderlein, 1936; Phlebotominae Rondani, 
1840; Psychodinae Newman, 1834; Sycoracinae 
Rondani, 1856; and Trichomyiinae Tonnoir, 1922 
– and one extinct subfamily, i.e. Datziinae Stebner,
Solorzano-Kraemer, Ibáñez-Bernal & Wagner, 
2015 (in Stebner et al. 2015b; replacing Protopsy-
chodinae Stebner et al. 2015a). Immature speci-
mens are often associated with moist (springs and 
streams) or foul habitats (drains and sewage). They 
can also be observed in terrestrial habitats, mainly 
in saturated rotting wood and moist leaf litter. Adults 
are characterised by their small size (1-5 mm) and 

heavily setose bodies, which superficially resemble 
those of moths.

The majority of species are harmless and have no 
effect on humans (Curler and Multon 2012; Fair-
child 1952; Hanson 1968; Wagner and Stucken-
berg 2012). However, some adult species of Phle-
botominae are of medical importance, because they 
feed on blood and may spread diseases (leishmani-
asis, or sandfly fever) to humans and animals (Lewis 
et al. 1977). Moreover, some Psychodinae species 
cause myiasis infections in humans (Riegel and 
Kniskern 1963; Curler and Multon 2012).

In the fossil record, the family Psychodidae is 
undoubtedly known from the Lower Jurassic (An-
sorge 1994), although Blagoderov et al. (2007) 
states that it evolved as early as the Triassic. How-
ever, the taxonomic classification of the described 
materials to this understudied family is questionable 
(Skibińska et al. 2019). The fossil record of Psychodidae 

OPEN  ACCESS

Original article

*

Accepted 6 September 2013

© The Author(s) 2023. Published by the Institute of Systematics and Evolution of Animals, Polish Academy of Sciences, 
Kraków, Poland under the terms of the Creative Commons Attribution License 
http://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, provided the original author and source 
are credited.

https://zoobank.org/References/91CA5798-DD85-41F3-83CB-A244209686B9
https://orcid.org/0000-0002-5971-9373
https://orcid.org/0000-0003-1220-1267


In this article we provide a description of two new 
species of the fossil genus Palaeoglaesum. More-
over, we provide detailed documentation and an 
additional description for three species that were 
previously described, i.e. Palaeoglaesum bisulcum 
Wagner, 2017, Palaeoglaesum notandum Wagner, 
2017 and Palaeoglaesum mulleri Wagner, 2017. After 
an examination of specific character states in the 
head, wing and male genitalia, a phylogenetic analy-
sis was performed, on the grounds of which we pro-
pose distinguishing a new subgenus within the ge-
nus Palaeoglaesum, Palaeoglaesum (Amplissimum) 
subgen. nov.

II.  Material  and  methods

S p e c i m e n  a n d  m e d i a  r e p o s i t o r i e s. The 
amber specimens included in this study were collect-
ed in Myanmar before 2017, and are currently held 
in the collections of the Natural History Museum of 
the Institute of Systematics and Evolution of Ani-
mals, Polish Academy of Sciences, Kraków, Poland, 
ISEA PAS (MP).

S p e c i m e n  o b s e r v a t i o n ,  m e a s u r e m e n t s 
a n d  i l l u s t r a t i o n. All of the amber pieces were 
cut and polished with sandpaper of different grain 
sizes and polishing paste, to attain the optimal visi-
bility of the specimens. The examinations and meas-
urements of the fossil specimens were completed 
using a Nikon SMZ25 stereomicroscope, equipped 
with a Nikon DS-Ri2 digital camera. Measurements 
are given in millimetres. The wing length was meas-
ured from the base of the alula to the wing apex; 
while the wing width was measured at the point of 
greatest distance between the anterior and posterior 
wing margins. Photomicrographs of the specimens 
are focus stacks and were combined using NIS-El-
ements Imaging Software. The line drawings were 
initially based on traced photos, with edits for ac-
curacy according to direct specimen observations. 
The photomicrographs were optimised for colour 
balance and clarity using Adobe Photoshop ® CS6; 
while the vector line drawings and figure plates were 
prepared using Adobe Illustrator ® CS3.

D e s c r i p t i v e  t e r m s. The general morphology 
and use of terms follow Cumming and Wood (2017), 
except for the interpretation of the wing veins, which 
is that of Krzemiński and Krzemińska (2003).

L o c a l i t y. The specimens included in this study 
come from northern Myanmar, Hukawng Valley in 
Kachin Province (Kania et al. 2015: Fig. 1). In the 
mid-Cretaceous period, the Myanmar amber palaeo-
geographical locality was quite near to the equator 

is essential for retracing essential morphological 
homologies, thereby enabling us to observe the pat-
terns of diversification and establish phylogenetic 
relationships.

The subfamily Bruchomyiinae currently includes 
less than 60 species, distributed in tropical and sub-
tropical regions (Curler and Jacobson 2012; Wag-
ner and Stuckenberg 2016; Wagner 2017). It  is 
comprised of seven extant genera – Alexanderia 
Wagner & Kvifte 2018 in Polseela et al. (2018); 
Boreofairchildia Wagner & Stuckenberg, 2016; 
Bruchomyia Alexander, 1920; Eutonnoiria Alex-
ander, 1940; Laurenceomyia Wagner & Stuck-
enberg, 2016; Nemopalpus MacQuart, 1838; and 
Notofairchildia Wagner & Stuckenberg, 2016 
– and four extinct genera, i.e. †Hoffeinsodes Wag-
ner, 2017; †Libanonemopalpus Azar, Szwedo & 
Maksoud, 2022 (in Azar et al. 2022); †Palaeoglaesum 
Wagner, 2017; and †Palaeosycorax Meunier, 
1905. Throughout this study, we maintain the system 
of taxonomic classification of fossil Bruchomyiinae 
proposed by Wagner (2017), where †Palaeosycorax 
is treated as a separate genus and is not synonymous 
with Nemopalpus as was suggested by Evenhuis 
(1994).

Bruchomyiinae arouses great interest among dip-
terists and is often referred to as the ‘most plesio-
morphic’ group among Psychodidae (Santos et al. 
2009; Wagner and Stuckenberg 2012; Wagner 
2017). However, as was discussed in Skibińska et al. 
(2019), this ‘is irrelevant to the phylogenetic place-
ment of this or any group, as it is impossible to deter-
mine relationships based on plesiomorphies. None-
theless, it is helpful to evaluate the character polarity 
in a given taxon, and the fossil specimens of Brucho-
myiinae allow for this’. A first fossil of the Brucho-
myiinae, Palaeosycorax tertiariae (Meunier, 1905), 
was described from Baltic amber and was originally 
classified in Psychodidae. However, Alexander 
(1920) described the genus Bruchomyia, for which 
he established a new subfamily Bruchomyiinae in 
the Tanyderidae, which was transferred by Edwards 
to Psychodidae (Edwards, 1921). A detailed taxo-
nomic history of the subfamily Bruchomyiinae was 
provided by Wagner (2016). Currently, we recog-
nise 27 fossil species belonging to the studied sub-
family (Table 1), all of which are described from 
fossil resins. It seems that the greatest diversity of 
Bruchomyiinae is found in Cretaceous Burmese am-
ber (KS: unpublished data). However, this subfamily 
is represented by only one genus, i.e. Palaeoglae-
sum Wagner, 2017, which consists of 13 species 
described to date.
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R e m a r k s. Species included in the subgenus Pal-
aeoglaesum (Palaeoglaesum) are characterised by 
male genitalia with the aedeagus elongate, notice-
ably longer than wide (more than five times), bent 
toward the gonopods, always with a bifurcate apex; 
aedeagus is surrounded basally by a sleeve-like par-
ameral sheath.

Palaeoglaesum (Palaeoglaesum) muelleri  
Wagner, 2017, comb. nov.

Fig. 1

D e s c r i p t i o n. See Wagner, 2017:114-115, figs. 
7a-c

R e m a r k s. Wagner (2017) provided a detailed 
description of P. muelleri; however, the original 
publication lacked photographic documentation and 
a detailed drawing of the male’s genitalia, which we 
present herein (Fig. 1). An additional examination of 
the specimen revealed that the gonostylus is broad 
and rounded at the basal part, smoothly tapering by 
approximately half at about one-quarter of its length, 
clearly curved well beyond half of its length, and 
rounded at the end (Figs 1c, f).

Palaeoglaesum (Palaeoglaesum) notandum 
Wagner, 2017, comb. nov.

Fig. 2

D e s c r i p t i o n. See Wagner, 2017:117-118, 
fig. 7e (wrongly labelled in the original figure cap-
tion as ‘d’).

Amended description of wing. End of Sc well 
before fork of R4+5 into R4 and R5 and before fork 
of M1+2 into M1 and M2; sc-r slightly more than its 
length before end of Sc; R1 waved at end, joining C 
in about 5/6 of R2 and proximal to level of end of M1; 
Rs short, less than half length of R4+5; R2+3 slightly 
longer than R2 and 2x longer than R4+5; R4 3x as long 
as R4+5 and as long as R5; M1+2 slightly more than 
7x as long as M3+4; m-cu situated between M4 and 
Cu about half its length beyond fork of M3+4 into M3 
and M4, and 6x its length from end of Cu; opening of 
m4 cell only slightly wider than opening of cu cell 
(Figs 2a, b).

R e m a r k s. The specimen is completely preserved 
in a light-coloured amber piece containing many air 
bubbles. However, about one-third of the holotype’s 
length runs through a crack, which partially hinders 
an analysis and makes the specimen likely to split 
apart. The holotype was protected by making a slide 
in Canadian balm. Additional analyses allowed us to 
reconstruct details in the wing venation pattern.

(Yin et al. 2018: fig. 1b). Based on radiometric date 
obtained from the amber bearing sedimentary rock, 
the geological age of the Myanmar amber is consid-
ered to be the earliest Cenomanian, about 99 Ma (Shi 
et al. 2012; Smith and Ross 2016; Yu et al. 2019).

P h y l o g e n y. The phylogenetic matrix was built 
using WinClada software (Nixon 2002). Missing 
states were scored with ‘?’ and inapplicable states 
with ‘-’. The phylogenetic analysis was done us-
ing TNT 1.5 software (Goloboff et al. 2016) under 
the criterion of parsimony with Implicit Weighting 
(Goloboff 1993). All characters were treated as 
unordered. The analysis was done using heuristic 
searches with tree-bisection reconnection (TBR) 
branch swapping, with 1,000 replicates holding up 
to 100 trees per replication.

This published work and the nomenclatural 
acts it contains have been registered in ZooBank. 
The LSID for this publication is: urn:lsid:zoobank.
org:pub:91CA5798-DD85-41F3-83CB-A244209686B9.

III.  Results

Systematic palaeontology

Order Diptera Linnaeus, 1758

Family Psychodidae Newman, 1834

Subfamily Bruchomyiinae Alexander, 1920

Genus Palaeoglaesum Wagner, 2017

Subgenus Palaeoglaesum (Palaeoglaesum) 
Wagner, 2017

Type species Nemopalpus quadrispiculatus Stebner, 
Solórzano-Kremer, Ibáñez-Bernal and Wagner, 
2015a: 22, figs. 14 a, b, c, d. Myanmar amber; earliest 
Cenomanian (Cretaceous), by original designation.

The species, all from Burmese amber, included: 
Palaeoglaesum bisulcum Wagner, 2017; P. carsteni 
Skibińska, Krzemiński & Zhang, 2019; P. gregi 
Skibińska & Krzemiński, 2023; P. jakubi Skibińska, 
2023; P. mulleri Wagner 2017; P. myanmari Skibińska, 
2023; P. notandum Wagner, 2017; P. pilosus Skibińska, 
Krzemiński & Zhang, 2021; P. quadrispiculatum 
Stebner, Solórzano-Kremer, Ibáñez-Bernal, Wag-
ner, 2015; P. stebneri Skibińska & Krzemiński 
2021; P. teres Skibińska & Albrycht 2021; P. velteni 
Wagner, 2012; and P. wagneri Skibińska, Krzemiński 
& Zhang, 2019.

D i a g n o s i s. As in Skibińska et al. (2019: 3).
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Fig. 1. Photos and drawings of P. muelleri: a – habitus of holotype; b – head and thorax; wing; c – male genitalia; d – interpretative line 
drawing of wing; e – wing and abdomen; f – interpretative line drawing of male genitalia. Abbreviations: aed, aedeagal complex; cer, 
cerci; ep, epandrium; gcx, gonocoxite; gst, gonostylus. Scale bars [mm]: a – 1; b – 0.5; c – 0.5; e – 1. 
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siderably reducing in size distad; all covered with 
long bristles; scapus and pedicel not visible; label-
lum elongated, with mouthparts not clearly visible; 
palps elongate, with five segments, basal segment in-
conspicuous, last segment elongated nearly as long 
as all preceding segments combined (Figs 3a, b, c).

Wing heavily setose; setation dense and longer in 
basal part, especially along lower wing margin; end 
of Sc well beyond fork of R4+5 into R4 and R5 and 
slightly before fork of M1+2 into M1 and M2; sc-r at 
about its length before end of Sc; R1 elongate, bent 
upwards at end, joining C in about 1/3 length of R2 
and almost opposite end of M1; Rs about 1 3/4 x as 
long as R4+5; R2+3 2x as long as R2 and 4.5x longer 
than R4+5; R4 6x as long as R4+5 and nearly as long as R5; 
M1+2 almost 4.5x as long as M3+4; m-cu situated be-
tween M4 and Cu about half its length beyond fork of 
M3+4 into M3 and M4, and 4.5x its length from end of 
Cu; opening of m4 cell about 2x longer than opening 
of cu cell (Figs 3a, d, e).

Palaeoglaesum (Palaeoglaesum) cracoviae sp. nov. 
Skibińska

Fig. 3

LSID urn:lsid:zoobank.org:act:46307978-8829-4521-
B420-1847DDCDA29C

D i a g n o s i s. A Palaeoglaesum species with elon-
gated, narrow gonocoxite, longer than gonostylus by 
about one-third of its length; gonostylus long and 
slender, rounded in basal part, with brush of robust 
bristles at its base, significantly bent at about 3/4 of 
its length; end tapered and rounded.

E t y m o l o g y. The specific epithet refers to the 
name of the Polish city of Kraków, the former capital 
of Poland, where the research on the Psychodomor-
pha fossil is being performed.

D e s c r i p t i o n. Wing: length 1.78 mm; width 
0.68 mm.

Head partially preserved; antennae with fourteen 
elongate, cylindrical flagellomeres tapering and con-

Fig. 2. Photos and drawings of P. notandum: a – habitus of holotype; b – interpretative line drawing of wing; c – head and thorax; d – male 
genitalia; e – interpretative line drawing of male genitalia. Abbreviations as in Fig. 1. Scale bars [mm]: a – 1; c – 0.1; d – 0.5.
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rounded (Figs 1f, g); aedeagus elongated, sigmoidal, 
bent toward gonopods, apex bifurcated.

M a t e r i a l  e x a m i n e d. Holotype MP/4572, 
male; preserved in Myanmar amber (earliest Ceno-
manian, 98.79 ± 0.62 Ma), deposited in the collec-
tion of the ISEA PAS.

Female unknown.

Legs covered with long setation (Figs 3a, b).
Abdomen. Gonocoxite elongated and narrow 

(about 0.35 mm long and 0.1 mm wide), longer than 
gonostylus by about 1/3 of its length; gonostylus 
long and slender, rounded in basal part, with a set of 
robust bristles at it base, significantly angled down-
wards at about 3/4 of its length, end tapered and 

Fig. 3. Palaeoglaesum (Palaeoglaesum) cracoviae sp. et subgen. nov., holotype MP/4572, a – habitus of holotype; b – head with anten-
na and palpi; c – head and thorax; d – wing; e – interpretative line drawing of wing; f – male genitalia; g – interpretative line drawing 
of male genitalia. Abbreviations as in Fig. 1. Scale bars [mm]: a – 1; b – 0.1; c – 0.1; d – 0.5; f – 0.1.
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as gonocoxite, abruptly narrowed at mid-length (in 
about 0.22 mm), forming a thin, curved appendage 
longer than basal portion (0.20 mm long); basal part 
covered with numerous long bristles; aedeagus long, 
bent toward gonopods, apex bifurcated (Figs 4 c, f).

M a t e r i a l  e x a m i n e d. Holotype MP/4571 – 
male; preserved in Myanmar amber (earliest Ceno-
manian, 98.79 ± 0.62 Ma), deposited in the collec-
tion of the ISEA PAS.

Female unknown.
R e m a r k s. The holotype is preserved in highly 

contaminated amber, containing a large amount of 
organic matter with a lot of cracks, which makes 
a photographic documentation very difficult. Speci-
men is well preserved; however, one wing is folded.

Subgenus Palaeoglaesum (Amplissimum) 
subgen. nov. Skibińska

D i a g n o s i s. New subgenus differs from Palaeo-
glaesum (Palaeoglaesum) by an aedeagus not bifur-
cated, broad and short, significantly shorter than the 
parameral sheath.

E t y m o l o g y. The subgeneric epithet refers to the 
shape of the aedeagus, which is significantly wider 
than the parameral sheath, not bifurcated and wide. 
(Latin, gender neutrum: amplissiumum = widest).

Type species: Palaeoglaesum (Amplissimum) bi-
sulcum (Wagner, 2017), comb. nov. By monotypy, 
the description of the genus is the same as that of its 
only species.

Palaeoglaesum (Amplissimum) bisulcum 
Wagner, 2017, comb. nov.

Fig. 5

D e s c r i p t i o n. As in Wagner, 2017:117, fig. 7d 
(wrongly labelled in the original figure caption as 
‘e’)

R e m a r k s. The specimen is preserved right at 
the edge of the amber piece (Fig. 5a), which makes 
it impossible to reconstruct the wing venation pat-
tern, although various observation techniques were 
used. The holotype has features typical for the ge-
nus, where the distinctive arrangement of the bris-
tles on the legs and head can be noticed at first sight 
(Figs 5a, b, c). After a thorough analysis of the de-
tails of the male genitalia, it was observed that the 
aedeagus is short and not bifurcated (Fig. 5d, e), 
which is inconsistent with the features of the genus 
Palaeoglaesum. The phylogenetic analysis (Fig. 6) 
performed also indicated that Palaeoglaesum bisul-
cum definitely belongs to the genus; however, form-
ing a sister group to all the other species. Consider-
ing the result of the phylogenetic analyses and mor-
phological comparisons, we propose distinguishing 

R e m a r k s. The specimen is preserved in the am-
ber piece with numerous infiltrations and contami-
nations through which detailed observations and, 
in particular, taking photographs is possible mainly 
from one side. The head and thorax are poorly pre-
served. However, all significant diagnostic features 
on the structure of the male genitalia are clearly vis-
ible.

Palaeoglaesum (Palaeoglaesum) angustum sp. nov. 
Skibińska & Santos

Fig. 4

LSID urn:lsid:zoobank.org:act:E0BCEB1A-7DD1-
4E0B-8B21-E1BC5CDC68FC

D i a g n o s i s. A Palaeoglaesum species with 
gonocoxite slender and elongated, slightly broader 
in middle part; gonostylus significantly elongated, 
twice as long as gonocoxite, abruptly narrowed at 
mid-length, forming a thin, curved appendage lon-
ger than basal one; basal part covered with numerous 
long bristles.

E t y m o l o g y. The specific epithet refers to the 
structure of the gonocoxites, which are greatly elon-
gated (Latin, gender neutrum: angustum = narrow).

D e s c r i p t i o n. Wing: length 2.02 mm; width 
0.72 mm. 

Head. Antennae well preserved, with fourteen 
elongate-cylindrical flagellomeres, with narrow 
ends, reducing in size distad, all covered with long 
bristles, particularly dense on first five flagellomeres; 
scapus not well visible, pedicel elongated, wide and 
oval; labellum elongated; palps long and thin, with 
five segments, basal segment inconspicuous, last 
palpomere longer than all preceding segments com-
bined (Figs 4a, b).

Thorax. Wing veins heavily setose, hairs dense and 
longer in basal part; end of Sc well behind fork of 
R4+5 into R4 and R5 almost in middle of M1+2; sc-r 
about its length before end of Sc; R1 slightly bent up-
wards at end, joining C beyond half of R2 and almost 
opposite end of M2; Rs about 2x as long as R4+5; R2+3 
slightly longer than 2x R2 and about 4.5x longer than 
R4+5; R4 slightly more than 6x R4+5 and nearly as long 
as R5; M1+2 almost 5x as long as M3+4; m-cu situated 
between M4 and Cu, slightly beyond fork of M3+4 
into M3 and M4 and slightly longer than 3x its length 
from end of Cu (Fig. 4e); opening of m4 cell about 
3x longer than opening of cu cell (Figs 4a, d, e).

Legs covered with setae.
Abdomen. Gonocoxite slender and elongated 

(0.24 mm long), slightly broader in middle part; 
gonostylus greatly elongated, almost twice as long 
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Fig. 4. Palaeoglaesum (Palaeoglaesum) angustum sp. nov., holotype MP/4571, a – habitus of holotype; b – head with antenna and palpi; c – 
male genitalia; d – wing; e – interpretative line drawing of wing; f – interpretative line drawing of male genitalia. Abbreviations as in 
Fig. 1. Scale bars [mm]: a – 1; b – 0.5; c – 0.5; d – 0.5.
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Fig. 5. Photos and drawing of Palaeoglaesum (Amplissimum) bisulcum comb. nov. a – habitus of holotype; b – male genitalia; c – head 
and thorax; d, e – interpretative line drawing of male genitalia. Abbreviations as in Fig. 1. Scale bars [mm]: a – 1; b – 0.1; c – 0.1.
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2018 (Polseela et al. 2018); Bruchomyia mineira 
Bravo & Barata, 2012; Eutonnoiria edwardsi Ton-
noir, 1939; Laurenceomyia dampfianus Alexan-
der, 1940; Nemopalpus parvus Santos, Falqueto 
& Bravo, 2013; Notofairchildia motacuensis Ježek, 
Oboňa & le Pont, 2018 (in Ježek et al. 2018); and 
Boreofairchildia belti Ježek, Oboňa & le Pont, 
2018 (in Ježek et al. 2018). The characters we used 
are listed below and the matrix of characters is pre-
sented in Table 2. The character states are based on 
original species descriptions (references are listed in 
Table 1).

a new subgenus within the genus Palaeoglaesum i.e., 
Palaeoglaesum (Amplissimum). With the appearance 
of new, better-preserved material, perhaps it will be 
possible to establish a new genus in the future; at 
present, we consider this premature.

IV.  Phylogeny

The analysis included both fossil (Table 1) and con-
temporary species, i.e.: Alexanderia thailandensis 
Polseela, Wagner, Kvifte, Rulik & Apiwathnisorn, 

Fig. 6. Phylogeny of Bruchomyiinae evidencing the two subgenera of Palaeoglaesum. Extinct lineages are evidenced: in violet – Le-
banese amber; in light and dark green – Burmese amber; in orange – Baltic amber; in purple – Dominican amber.
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shorter than R2. 
6: Alignment of R2+3: 0 – aligned with R3; 1 – aligned 

with R2.
7: Orientation of terminal sections of R2 and R3: 0 – 

running parallel; 1 – diverging.
8: Length of R2: 0 – shorter than R3; 1 – similar to R3.
9: Length of R4+5; 0 – shorter than Rs; 1 – longer than 

Rs or similar.
10: Level of fork of R4+5: 0 – proximal to level of 

fork of M1+2; 1 – at same level as fork of M1+2; 0 
– distal to level of this fork of M1+2.

11: Length of basal section of R5 (proximal to con-
nection with r-m): 0 – shorter than r-m; 1 – longer 
than or similar to r-m.

Character states

0: Tip of Sc: 0 – reaching costal vein; 1 – atrophied.
1: Level of end of Sc: 0 – near midwing; 1 – in proximal 

region of wing.
2: Length of distal section of Sc (distal to connection 

with sc-r): 0 – several times longer than sc-r (sc-r 
far from end of Sc); 1 – longer than sc-r; 2 – sub-
equal to sc-r; 3 – shorter than sc-r.

3: Level of end of R1: 0 – proximal or at same level 
as end of M2; 1 – distal to end of M2.

4: Alignment of Rs: 0 – aligned with R4+5; 1 – aligned 
with R2+3. 

5: Length of R2+3: 0 – less than twice length of R2; 1 
– at least 2 times as long as R2; 2 – similar or 

Table 1

Fossil species belonging to subfamily Bruchomyiinae. * in Skibińska et al. (2019); ** in Skibińska et al. 
(2021); *** in Skibińska et al. (2023); **** in Azar et al. (2022)

Species Locality
Boreofairchildia dominicana Wagner, 2017 Dominican amber (Miocene)
Boreofairchildia hennigianus (Schlüter, 1978) Dominican amber (Miocene)
Boreofairchildia scheveni (Wagner, 2006) Dominican amber (Miocene)
Palaeosycorax inexpectatus Wagner, 2012 Baltic amber (Eocene)
Palaeosycorax molophilinus (Edwards, 1921) Baltic amber (Eocene)
Palaeosycorax tertiariae (Meunier, 1905) Baltic amber (Eocene)
Hoffeinsodes cubicula Wagner, 2017	 Baltic amber (Eocene)
Hoffeinsodes hoffeinsi Wagner, 2006 Baltic amber (Eocene)
Hoffeinsodes longicauda Wagner, 2017 Baltic amber (Eocene)
Hoffeinsodes obtusa Wagner, 2017 Baltic amber (Eocene)
Hoffeinsodes reducta Wagner, 2017 Baltic amber (Eocene)
Palaeoglaesum bisulcum Wagner, 2017 Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum carsteni Skibińska, Krzemiński & Zhang, 2019* Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum gregi Skibińska & Krzemiński, 2023*** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum jakubi Skibińska, 2023*** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum cracoviae, sp. nov. Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum muelleri Wagner, 2017 Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum myanmari Skibińska, 2023*** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum notandum Wagner, 2017 Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum pilosus Skibińska, Krzemiński & Zhang, 2021** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum quadrispiculatum Stebner, Solórzano-Kraemer, 
Ibáñez-Bernal & Wagner, 2015 Burmese amber (Cretaceous, Cenomanian)

Palaeoglaesum angustum, sp. nov. Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum stebneri Skibińska & Krzemiński, 2021** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum teres Skibińska & Albrycht, 2021** Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum velteni (Wagner, 2012) Burmese amber (Cretaceous, Cenomanian)
Palaeoglaesum wagneri Skibińska, Krzemiński & Zhang, 2019* Burmese amber (Cretaceous, Cenomanian)
Libanonemopalpus grimaldii Azar, Szwedo & Maksoud 2022**** Lebanese amber (Cretaceous, Barremian)
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36: Length of parameres: 0 – developed, but not sur-
passing aedeagus; 1 – surpassing level of aedea-
gus; 2 – atrophied, much shorter than aedeagus.

37: Tips of parameres: 0 – non-differentiated; 1 – dilated.
38: Curvature of aedeagus: 0 – straight; 1 – curved 

distad.
39: Tip of aedeagus: 0 – non-branched; 1 – bifid.
40: Orientation of branches of bifid aedeagus: 0 – di-

vergent; 1 – parallel.
41: Length of branches of bifid aedeagus: 0 – longer 

than half of length of aedeagus; 1 – shorter than 
half of length of aedeagus.

42: Hypandrium: 0 – free; 1 – fused with gonocox-
ite.

43: Shape of fused gonocoxite: 0 – angulated; 1 – straight.
44: Width of distal region of fused gonocoxite in lat-

eral view: 0 – narrow; 1 – as wide as fused gono-
coxite.

45: Setae of fused gonocoxite: 0 – on dorsal margin; 
1 – concentrated on apex.

46: Shape of gonocoxite: 0 – tubular; 1 – with a distal 
re-entrance on margin.

47: Shape of gonocoxite: 0 – not surpassing gonostylus 
(gonostylus terminal); 1 – gonostylus subterminal, 
but gonocoxite does not cover entire gonostylus; 
2 – gonostylus subterminal, with gonocoxite cov-
ering entire gonostylus.

48: Length of gonostylus: 0 – shorter than gonocox-
ite; 1 – similar to or longer than gonocoxite, but 
shorter than twice length of gonocoxite; 2 – at 
least 2 times longer than gonocoxite.

49: Base of gonostylus: 0 – non-differentiated; 1 – wide.
50: Shape of tip of gonostylus: 0 – straight; 1 – bent 

to base; 2 – curved distad.
51: Two lateral projections in gonostylus: 0 – absent; 

1 – present.
52: Branches of gonostylus: 0 – only one; 1 – presence 

of a dorsal branch; 2 – presence of a ventral 
branch.

53: Dorsal margin of tip of gonostylus: 0 – smooth; 
1 – crested with thorns

The parsimony analysis with implied weights un-
der different k values resulted in the same single 
most parsimonious tree, shown in Fig. 5. The most 
parsimonious tree has a Consistency Index (CI) = 0.38 
and a Retention Index (RI) = 0.70. The synapomor-
phies of each clade are shown in the cladogram (see 
the Appendix).

12: Radial end of r-m connected to: 0 – R4+5; 1 – R5.
13: Medial end of r-m connected to: 0 – M1+2; 1 – fork 

of M1+2; 2 – M1.
14: Inclination of r-m: 0 – oblique; 1 – verticalized.
15: Level of fork of Mb: 0 – proximal to tip of A1; 1 

– at same level as tip of A1 ; 2 – between tips of A1 
and Cu; 3 – distal to tips of Cu.

16: Length of section of M1+2 distal to r-m: 0 – short-
er than half length of R4+5; 1 – longer than half 
length of R4+5, but shorter than R4+5; 2 – as long as 
R4+5.

17: Alignment of M1+2: 0 – aligned with M2; 1 – aligned 
with M1.

18: Orientation of terminal sections of M2 and M3: 0 
– running parallel; 1 – divergent.

19: Crossvein m-m: 0 – present; 1 – absent.
20: Shape of M4: 0 – straight; 1 – curved to costal 

margin.
21: Length of basal section of M4 (proximal to con-

nection with m-cu): 0 – shorter than m-cu; 1 – 
longer than m-cu.

22: Insertion of m-cu: 0 – in M3+4; 1 – at fork of M3+4; 
2 – in M4.

23: Shape of Cu: 0 – straight; 1 – only terminal sec-
tion abruptly curved; 2 – arched.

24: Inclination of Cu distal to connection with m-cu: 
0 – abruptly bent to anal margin; 1 – straight.

25: Level of terminal section of Cu: 0 – proximal to 
level of fork of Rs; 1 – distal to level of fork of Rs.

26: Distance between tips of A1 and Cu: 0 – similar 
to distance between Cu and M4; 1 – 0 – shorter 
than distance between Cu and M4; 2 – longer than 
distance between Cu and M4.

27: Base of A1: 0 – straight; 1 – kinked.
28: End of A1: 0 – reaching wing margin; 1 – atrophied.
29: Male terminalia: 0 – not inverted; 1 – inverted.
30: Length of proctiger: 0 – longer than gonocoxite; 

1 – shorter than gonocoxite.
31: Shape of groove between cercus lobes: 0 – quad-

rate, lobes running parallel; 1 – U-shaped, lobes 
diverging.

32: Proportions of epandrium: 0 – longer than wide; 
1 – as long as wide.

33: Shape of tip of epandrium: 0 – non-differentiated; 
1 – dilated.

34: Base of epandrium: 0 – non-differentiated; 1 – 
expanded ventrally.

35: Tip of epandrium: 0 – non-branched; 1 – bifid.
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				                  000000000011111111112222222222333333333344444444445555
				                  012345678901234567890123456789012345678901234567890123
Grauvogelia arzvilleriana            00000000000-000200000-0000000?????????????????????????
Dacochile browni                         013002100021100011000020001000??0000--00--0---00000000
Phlebotomites aphoe                    0120-0100--1-00?-001002000?1000?00001000--0---00100000
Alexanderia thailandensis            0111020010001002110100010011000000000000--0---00100000
Bruchomyia mineira                     11-102001110100201010-111011100000002000--0---00000010
Eutonnoiria edwardsi                   11-102001020100-2001002010-110?000002000--0---00102000
Laurenceomyia dampfianus          0111011001201200-101002000-1100000000000--0---00100020
Nemopalpus parvus                      011002001110110--101002110-1100000001000--0---00000000
Notofairchildia motacuensis         11-10100000010002001012100-110100000?0????0---00000020
Boreofairchildia belti                    ?1?001000000100110010-111011100000000000--0---00010110
Boreofairchildia dominicana        0110010000001?0?00?11?1110??00000000??0?--0---00010101
Boreofairchildia henniginus          ?1?001000100100310011-1110111?????????????????????????
Boreofairchildia scheveni              01?0010000001001100110211011000000000000--0---00010101
Hoffeinsodes adamowiczi              013112111000100000110-101011000000101100--100012000020
Hoffeinsodes bifida                        11-102101110111201110021101100000011??00--111011000020
Hoffeinsodes cubicula                   ?????????????????????????????0100110??0?--111111000020
Hoffeinsodes hoffeinsi                   0131021110011002011100211011000?00101100--100012000020
Hoffeinsodes longicauda               0131021010011012101100211011001?0010??0?--110011000020
Hoffeinsodes obtusa                      11-1021111111112-1110021101100000010??00--111011000020
Hoffeinsodes reducta                    11-1001011001012211100211011001001101100--111111000020
Libanonemopalpus grimaldii        012001000000100200010-1100110?????????????????????????
Palaeoglaesum angustum             0011110110011000200100201011010100000011100---00000000
Palaeoglaesum bisulcum              0031021?100?100??0?10122?1?1010000001?00--0---00100010
Palaeoglaesum carsteni                0011110110001000100100201111010100002011100---00000010
Palaeoglaesum cracoviae             0011110110001002200100201021010?00002011010---00001000
Palaeoglaesum gregi                     0011110010001002200100201011010100002011100---00002020
Palaeoglaesum jakubi                   001111001000100?0001002210?101??0???2011100---00202020
Palaeoglaesum myanmari             0011011010011002100101221111010000?02011100---00100000
Palaeoglaesum muelleri                001112?11001100000010122111101000000??11100---00001000
Palaeoglaesum notadum               0031021110011000000101221111010000002?11100---00100000
Palaeoglaesum quadrispeculatum     003101001000100220010-121011010100?02011010---00000000
Palaeoglaesum pilosus                  0021110110001000000101221111010?00?02011110---00000010
Palaeoglaesum stebneri                 001111001001100020010-001011010100000011100---00100000
Palaeoglaesum teres                      0011110110001002200101201021010100?02011010---00001010
Palaeoglaesum velteni                   003111011000100010010120111101000000??11100---00000000
Palaeoglaesum wagneri                 001111111001100?11010???1??1010000002011100---00000010
Palaeosycorax inexpectatus          ?????00010?0100????1????????00001011??0?--0---10000000
Palaeosycorax molophilinus         011100001000100201110021101100001011??0?--0---10000000
Palaeosycorax tertiare                  01110000110010030111002110?100101010100?--0---10000000

Table 2

Data matrix with 39 terminal taxa and 54 characters



The only phylogeny based on fossil Bruchomyii-
nae was performed by Azar et al. (2022). The result-
ing tree shows Libanonemopalpus as a sister group 
to the remaining Bruchomyiinae, which are shown 
as an unresolved polytomy. Our results reinforce the 
positioning of Libanonemopalpus. This genus stands 
out from other members of the subfamily, due to its 
well-developed piercing mouthparts. According to 
Hennig (1972), the reduction of the mouthparts in 
Bruchomyiinae is a derived character that resulted 
from a shift in the diet away from hematophagy. Li-
banonemopalpus retains the plesiomorphic ancestral 
state having haematophagous structures. It is also re-
markable that this genus is the oldest lineage of the 
subfamily, present in Lebanese amber (lower Bar-
remian; Maksoud et al. 2021).

The main changes in the taxonomy of the fos-
sil lineages of Bruchomyiinae were introduced by 
Wagner (2017), who made a significant contribu-
tion to our knowledge of the relationships between 
the genera Hoffeinsodes, Palaeosycorax, Boreo-
fairchildia and Palaeoglaesum, all described from 
fossil resins. Our analysis has further reinforced 
these changes and confirmed a monophyletic and 
independent status of these genera. We also found 
a close relation between Hoffeinsodes and Palaeosy-
corax, as was suggested by Wagner (2017). On the 
other hand, this author placed in Palaeoglaesum the 
Burmese species previously placed in Nemopalpus, 
while our results show that this is the best option to 
isolate these different lineages (Fig. 6).

Wagner and Stuckenberg (2016) hypothesised 
that the geological time scale may be used as a bench-
mark when comparing extant and extinct taxa. How-
ever, there is no direct relationship between the age 
of ambers and the phylogeny. In our analysis, the 
most supportive evidence for this statement is the 
position of recent species more basal than those of 
the extinct genera, as Palaeoglaesum.

Somewhat similar conclusions concern the bioge-
ography. The Baltic amber genera are often related to 
Old World fauna, but recent representatives of Bru-
chomyiinae (genus Boreofairchildia) live in north-
ern South America, Central America, southern North 
America, the Bahamas and the Caribbean (Wagner 
and Stuckenberg 2016). Moreover, the great mor-
phological diversity in their male terminalia indi-
cates that this lineage was once more widespread and 
diverse, and that recent taxa represent only a small 
sample of the bruchomyiine fauna, now restricted to 
less than 60 species. This indicates the relictual as-
pect of Bruchomyiinae (Azar et al. 2022; Skibińska 
et al. 2020; Wagner and Stuckenberg 2016).

V.  Discussion

Psychodomorpha is a well-established lineage, 
documented since the Triassic by the family Grau-
vogeliidae (Krzemiński et al. 1994; Blagoderov 
et  al. 2007). Azar et al. (1999) hypothesised that 
Psychodidae was as diverse in the Early Cretaceous 
as it is now. Although an old discussion on the rela-
tion between the families of Psychodomorpha still 
remains open (Wagner 2017), the close relationship 
between Tanyderidae and Psychodidae is well estab-
lished (Crampton 1926; Hennig 1973; Krzemiński 
and Krzemińska 2003; Bertone et al. 2008; Wieg-
mann et al. 2011).

However, the relations within the Bruchomyiinae 
still remains uncertain. Although classic hypotheses 
support a close relationship between Bruchomyiinae 
and Phlebotominae (Fairchild 1952; Satchell 
1953; Hennig 1972; Azar et al. 1999), new stud-
ies have highlighted a different scenario. According 
to a phylogeny of psychodid subfamilies based on 
molecular data by Curler and Moulton (2012), 
Bruchomyiinae is a sister group of Phlebotominae 
+ Psychodinae. The most recent phylogenetic efforts 
have been made with molecular data in small lin-
eages (e.g., Espindola et al. (2012). However, the 
positioning of the fossil species remains neglected, 
although there is a general understanding of the im-
portance of these extinct lineages in the phylogeny 
of the infraorder (Wagner & Stuckenberg 2016).

The most comprehensive phylogeny of Brucho-
myiinae is based only on extant species (Wagner 
and Stuckenberg 2016). Their study explored the 
intrinsic diversity of the genera, and acknowledged 
the genera Nemopalpus and Notofairchildia as para-
phyletic. Although Wagner and Stuckenberg (2016) 
stated that Baltic amber fossils represent separate phy-
logenetic lineages, our results show a close relation-
ship between the Baltic amber genera Hoffensoides 
and Palaeosycorax. They are combined in one phy-
logenetic lineage, which could be treated as a sister 
group to Nemopalpus, Eutonnoiria and Bruchomyia. 
Both of the analyses show that Eutonnoiria is close-
ly related to Nemopalpus.

Contrary to Wagner and Stuckenberg (2016), the 
phylogenetic analysis we conducted is based on both 
fossil and recent species. Our results prove that in 
phylogenetic analyses the inclusions in fossil resins 
can be successfully combined with those of recent 
species, as they provide us with morphological data 
at almost the same level as contemporary specimens. 
Their very good state of preservation also allows us 
to determine the direction of evolution (polarity) of 
the studied features.
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The study of Bruchomyiinae offers valuable in-
sights into its own history and the evolutionary 
dynamics within the Psychodomorpha. However, 
many questions still remain unsolved. As a result, 
researchers are working diligently to expand our 
knowledge of fossil Bruchomyiinae. As was stated 
by Azar et al. (2022), it is essential to improve our 
understanding of extinct species, mainly Cretaceous 
ones, to bridge the existing knowledge gaps. Despite 
recent progress, the information available on fossil 
Bruchomyiinae remains somewhat limited, and the 
appearance of new material is necessary to establish 
the phylogenetic relationships within this group and 
its relationship to the other subfamilies of the Psy-
chodidae family.
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Appendix

Cladogram underlying the phylogenetic tree (see Fig. 6)
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Black circles – synapomorphies, white circles – symplesiomorphies.




