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Abstract

Fossil Calyptratae flies are exclusively found in the 
Cenozoic. Calyptrates arose around the K-T boundary and 
rapidly diversified in the early Tertiary. Only a few species 
of fossil Calyptratae are known from fossil resins such as 
Baltic amber, Dominican amber, and East African copal 
or Defaunation resin. However, these preserved organisms 
provide valuable insights into the evolutionary and 
ecological history of calyptrate flies. In this study, we describe 
Mesembrinella guimaraesi sp. nov. (Mesembrinellidae) 
from Miocene Mexican amber, representing the first 
record of a calyptrate from this fossiliferous site; and we 
report Dichaetomyia immaculiventris Malloch as the 
first occurrence of Dichaetomyia Malloch (Muscidae) in 
Tanzanian copal. We also briefly discuss the abundance of 
calyptrate flies in resins and actualistic experiments.

Keywords: actualistic experiments, amber, copal, 
Mesembrinellidae, Muscidae, new species

Introduction

Fossil calyptrate flies (Schizophora: Calyptratae) are 
found only in the Cenozoic. The clade arose around 
the K-T boundary, and rapid diversification was found 
in the early Tertiary (Wiegmann et al., 2011). Hitherto, 
12 calyptrate species are known from amber and copal/
Defaunation resin: two Anthomyiidae from Baltic 
and Dominican amber (Michelsen, 1996, 2000); five 
Muscidae, three from Dominican amber and two from 
East African copal/Defaunation resin (Meunier, 1908; 
Pont & Carvalho, 1997; O’Hara et al., 2013); one 
Mesembrinellidae from Dominican amber (Cerretti et al., 
2017); one Oestridae from Baltic amber (Berendt, 1830; 
Townsend, 1921) [probably not an Oestridae species (T. 
Pape, pers. comm., 17 June 2025)]; one Sarcophagidae 

from East African copal/Defaunation resin (O’Hara et al., 
2013); one Streblidae from Dominican amber (Poinar & 
Brown, 2012); and an extinct family (Hoffeinsmyiidae) 
from Baltic amber (Michelsen, 2009).
	 The Mesembrinellidae is a monophyletic family 
based on morphology and molecular data (Guimarães, 
1977; Cerretti et al., 2017; Marinho et al., 2017). It 
belongs to the Oestroidea and contains 53 known species 
with a distribution restricted to the Neotropical region 
from southern Mexico to Argentina (Bonatto & Marinoni, 
2005; Marinho et al., 2017; Whitworth & Yusseff-
Vanegas, 2019). Mesembrinellids are most abundant 
in tropical rain and cloud forests (Guimarães, 1977; 
Vargas & Wood, 2009). In Mexico, six species are known 
(Jaume-Schinkel, 2021). Cerretti et al. (2017) presented 
a phylogenetic analysis based on morphological and 
molecular evidence, recommending that all genera 
included in the family should be synonymized under 
Mesembrinella. Also, Marinho et al. (2017) proposed 
synonyms for some genera, and Whitworth & Yusseff-
Vanegas (2019) accepted the synonymization proposed by 
Marinho et al. (2017), leaving the family with 3 subfamilies 
(Laneellinae, Mesembrinellinae, Souzalopesiellinae) and 
3 genera (Laneella, Mesembrinella, Souzalopesiella). 
	 The Muscidae is also a monophyletic family based 
on morphological and molecular data (Hennig, 1965; 
Carvalho, 1989; McAlpine, 1989; Kutty et al., 2014). 
It is a cosmopolitan family with 5,218 species and 187 
genera (Pape et al., 2011). The Muscidae are biologically 
diverse, although the majority of species feed on decaying 
animal and vegetal matter (Carvalho & Couri, 2002). The 
genus Dichaetomyia has 88 described species mainly 
distributed in the Afrotropical region, with a few species 
also occurring in the Australian, Oriental and Palearctic 
regions (Couri et al., 2006; Evenhuis & Pape, 2024). The 
larvae are obligate carnivores and have been found in 
decaying vegetation and dung (Couri et al., 2006).
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	 Amber is well defined as a resin that has existed for 
millions of years (Grimaldi, 1996; Solórzano-Kraemer et 
al., 2020), while copal can be defined as an ancient resin 
with an age between 2.58 Ma and 1760 AD, resins younger 
than 1760 AD are called Defaunation resin (Solórzano-
Kraemer et al., 2020). The study of these bioinclusions 
provides data on the evolutionary history of organisms 
and their behaviour, as well as on the ecology of forest 
ecosystems in the past, biogeography, climatic changes, 
among other applications (Grimaldi & Engel, 2005; 
Solórzano Kraemer et al., 2015, 2018, 2020; Penney, 
2016; Delclòs et al., 2020; Solórzano-Kraemer et al., 
2020). 
	 The Hymenaea trees of different species, H. 
mexicana† Poinar & Brown, 2002; and H. allendis† 
Calvillo-Canadell et al., 2010, were the source of the resin 
that later became the Miocene ambers from Mexico. 
Trees of this genus were also the source of the resin 
that later became the copal, and Defaunation resin from 
East Africa (Delclòs et al., 2020; Solórzano-Kraemer 
et al., 2020). 
	 Here, we describe the first species of a 
Mesembrinellidae found in Mexican amber from 
Simojovel, Chiapas. We also report for the first time the 
discovery of Dichaetomyia immaculiventris Malloch, 
1930 (Muscidae) in Holocene copal from Tanzania and 
briefly discuss the abundance of Calyptratae flies in 
copal and actualistic experiments. 

Material and methods

The general morphology and abbreviations follow 
Cumming & Wood (2017). For the description of the 
Mesembrinellidae specimen, we followed Cerretti et al. 
(2017).
	 For the identification of the specimen in the copal 
from Tanzania we followed the key of Afrotropical 
Muscidae (Couri, 2007), the Dichaetomyia key from 
Afrotropical region (Emden, 1942), the original 
descriptions of the Dichaetomyia species (Couri et al., 
2006; Zielke, 2020, 2021a, b, c, 2022), and images of 
D. immaculiventris types deposited at National Museum 
Smithsonian Institution, Washington, USA (USNM).
	 The Mesembrinellidae specimen is housed in 
Museo de Palentología ‘Eliseo Palacios Aguilera’, Tuxtla 
Gutiérrez, Chiapas, Mexico with the catalogue number 
IHNFG-6188. It is a female preserved in Mexican amber 
from Simojovel, Chiapas (Mexico). The age of the 
Mexican amber has been estimated as Early Miocene 
(Solórzano Kraemer, 2007). The main deposit, Simojovel, 
where most of the amber with inclusions comes from, 
has been dated to 23 Ma (Serrano-Sánchez et al., 2015). 

Syninclusions: one Coleoptera, one Hymenoptera, and 
plant remains.
	 The Muscidae specimen is housed in the Senckenberg 
Research Institute, Frankfurt under the catalogue number 
SMF Be 2507b. It is a female preserved in Holocene 
copal (sensu Solórzano-Kraemer et al., 2020) from 
Tanzania, dated to 1270 ± 30 BP years, according to 14C 
analysis. For more information on the provenance of the 
Tanzanian copal see Solórzano-Kraemer et al. (2022). The 
copal piece also contains one Plagiozopelma (Diptera: 
Dolichopodidae), one Hemiptera: Sternorrhyncha, one 
Hymenoptera, and one Thysanoptera.
	 Two studies were performed with commercial yellow 
sticky traps. One in Madagascar, where the traps were 
placed around four Hymenaea verrucosa Gaertn. in the 
lowland forest on the northeast side of Madagascar, in the 
Mananjary region (between Nosy Varika and Ambahy, in 
2013). The other one in Niederhof on the east coast of 
Germany, the yellow sticky traps were placed around four 
Fagus sylvatica (Linné, 1753) in a Cormorant National 
Park. The Cormorant Park is about 25 hectares and in the 
year of collection (2024) there were 800 cormorant pairs 
living there. The traps were deployed, and active capturing 
organisms, for eight days in all the collecting places. For 
the sticky traps, the glue was dissolved from the sticky 
sheets using gasoline to extract their contents. The 
extracted arthropods from the sticky traps were promptly 
transferred to containers with alcohol for preservation. 
For a more detailed description of the methodology, refer 
to Solórzano Kraemer et al. (2018). 

Systematic palaeontology

Order Diptera Linnaeus, 1758
Superfamily Oestroidea Leach, 1815
Family Mesembrinellidae Shannon, 1926
Genus Mesembrinella Giglio-Tos, 1893

Mesembrinella guimaraesi sp. nov.
urn:lsid:zoobank.org:act:593240A1-A364-4DB6-AA54-
7395F100BFC2
(Figs 1A–C, 2) 

Holotype. Female preserved in Mexican amber from 
Simojovel, Chiapas (Mexico). Deposited in the “Museo de 
Palentología ‘Eliseo Palacios Aguilera’, Tuxtla Gutiérrez, 
Chiapas, Mexico” with the catalogue number IHNFG-
6188. Syninclusions: one Coleoptera, one Hymenoptera, 
and plant remains.
	 Etymology. The specific name is in honor of the 
Brazilian entomologist Dr. José Henrique Guimarães, 
who significantly contributed to the knowledge of several 
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Diptera families, including an important revision of 
Mesembrinellidae.
	 Diagnosis. Acrostichals 4+4. Dorsocentrals 2+3. 
Intra-alars 2+2. Supra-alars 2+3. Three postpronotal 
setae, the anterior one shorter with about half the length 
of the other two. Wing hyaline. Stem vein and base of 
R4+5 bare. Meeting point of R2+3 and R4+5 with one dorsal 
and one ventral setulae. Hind coxa posteriorly bare. Tarsal 
claws proximally light and distally dark.
	 Type locality and horizon. Simojovel de Allende, 
Chiapas, Mexico.
	 Description. Female. Holotype. Body length: ca. 
10.0 mm. Wing length: 7.0 mm.
	 Head. Dichoptic. Eyes bare. Frons wide, with about 
a third of the head width [head partially collapsed]. 
Two long fronto-orbital setae proclinate [the lower one 
longer, about a third longer than the upper one] and one 
reclinate. Occiput with a well-defined row of fine and 
long postocular setae alternating in size. Eight pairs of 
frontal setae; the upper two shorter, with about a third 
of the length of the others. Parafacial and fronto-orbital 
plate bare. One pair of interfrontal setae crossed. Ocellar 

triangle with a pair of long proclinate [and apparently 
divergent] ocellar and a pair of parallel post-ocellar 
seta. Outer vertical setae divergent. Inner vertical setae 
long convergent, twice as long as the outer vertical seta. 
Post-ocular setae dark, homogeneously distributed up to 
middle of eyes. Vibrissae crossed, long and thick, arising 
at level of lower facial margin. Four short setulae above 
vibrissae. Lower facial margin warped forward. Pedicel 
and postpedicel not visible, arista long plumose and 
ticked proximally [partially visible]. Palpi and proboscis 
not visible.
	T horax. Prosternum not visible. Anterior spiracle not 
visible. Posterior spiracle apparently without setae [not 
visible]. Mesonotum dark. Legs dark. Proepisternum with 
hair-like setulae [apparently]. Three postpronotal setae, 
the anterior one shorter with about half length of the other 
two. Two notopleural setae, posterior one slightly longer. 
Postpronotal lobe and notopleuron covered by long setulae. 
Setulae of postpronotum, scutum and scutellum relatively 
long and suberect. One post-humeral seta. Acrostichals 
4+4, the anterior presutural one is short, about half as long 
as the others. Dorsocentrals 2+3. Intra-alars 2+2. Supra-

FIGURE 1. Mesembrinella guimaraesi (IHNFG-6188) in Miocene Mexican amber from Simojovel (A–C) and Dichaetomyia 
immaculiventris (catalog number SMF Be 2507b) in Holocene copal from Tanzania (D–G). A, Habitus dorsal view. B, Head and 
thorax, dorsal view. C, Wing. D, Habitus, dorsal view. E, Head and thorax, dorsal view. F, Wing, dorsal view. G, Habitus, posterior 
view. Scale bars: 1 mm.
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alars 2+3. Two postalar setae, with an additional shorter 
seta posteriorly. One intrapostalar seta. Scutellum with 
three pairs of marginal setae (apical, basal, and lateral), 
and one pair of discal setae; the apical pair a third longer 
than the basal pair. Ventrolateral setulae dark, covering 
the entire margin of scutellum. Two proepimeral setae 
[apparently, not completely visible]. Six anepimeral setae; 
anepimeron covered by fine setulae [partially visible]. 
Katepisternals 2+1. Meron with a row of setae. Post-alar 

wall with setulae. Anatergite, katatergite, katepimeron, 
suprasquamal ridge and subscutellum not visible.
	 Wing. Hyaline without spots. Tegula and basicosta 
light. Tegula bare [apparently]. Basicosta bare. Subcostal 
sclerite and stem vein bare. Costal spine twice as long 
as costal setae. Subcostal vein with a distinct concavity 
before the node with R1. Base of R4+5 bare. Meeting point 
of R2+3 and R4+5 with one dorsal and one ventral setulae. 
Section of vein M between crossvein r-m and dm-m 

FIGURE 2. Mesembrinella guimaraesi sp. nov. (IHNFG-6188). A, Head and thorax, dorsolateral view. B, Right wing, dorsal 
view. Abbreviations: acr s, acrostichal seta; a kepst s, anterior katepisternal seta; anepst s, anepisternal seta; ap sctl s, apical scutellar 
seta; ar, arista; b sctl s, basal scutellar seta; ds sctl s, discal scutellar seta; fr s, frontal seta; infr s, interfrontal seta; i vt s, inner vertical 
seta; l calyp, lower calypter; l sctl s, lateral scutellar seta; npl s, notopleural seta; oc s, ocellar seta; o vt s, outer vertical seta; pal s, 
postalar seta; pc orb s, proclinate orbital seta; poc s, postocellar seta; p katepst s, posterior katepisternal seta; pprn s, postpronotal 
seta; presut acr s, presutural acrostichal seta; psut acr s, postsutural acrostichal seta; presut dc s, presutural dorsocentral seta; psut 
dc s, postsutural dorsocentral seta; presut ial s, presutural intra-alar seta; psut ial s, postsutural intra-alar seta; rc orb s, reclinate 
orbital seta; spal s, supra-alar seta; u calyp, upper calypter; vb, vibrissa; bcosta, basicosta; bm-m, basal medial crossvein; CuA, 
anterior branch of cubital vein; stm vn, stem vein; h, humeral crossvein; Sc, subcostal vein; M1, first branch of media; dm-m, discal 
medial crossvein; R1, anterior branch of radius; R2+3, second branch of radius; R4+5, third branch of radius; M, medial vein; r-m, 
radial-medial crossvein. Scale bars: 1.0 mm.
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distinctly longer than section between dm-m and bend of 
M. Bend of M broadly rounded, forming an obtuse angle; 
postangular section of M very close to and parallel with 
wing margin [apparently, due to both wings have part 
of the apex missing]. Vein CuA+CuP not reaching wing 
margin. Alula well developed. Upper calypter light, with 
light edge. Lower calypter dark with dark edge; enlarged, 
with the apex almost reaching the scutellum apex; 
Posterolateral margin of lower calypter with long trichia.
	 Legs. Fore femur with a row of long setae on 
posterodorsal and posteroventral surfaces; several setae 
on posterior surface; and five long setae on anterodorsal 
surface. Fore tibia not clearly visible, it is only possible 
to see a posterior median seta and a dorsal preapical 
seta. Mid femur with [at least] two long anterodorsal 
and anteroventral setae on basal half; and two long 
posterior preapical setae. Mid tibia with submedian seta 
on anterodorsal, dorsal, posterior, and ventral surfaces 
[apparent positions, not clearly visible]; long apical 
seta on anterior, anterodorsal, dorsal, posterodorsal, 
posteroventral, and ventral surfaces. Hind femur with a 
row of long anterodorsal and anteroventral setae. Hind 
tibia with three anterodorsal seta (two supramedian and 
one median); one supramedian posterodorsal seta; and 
two dorsal [or anterodorsal, not clearly visible] (one 
submedian and one preapical seta). Hind coxa bare on 
posterior margin. Claws and pulvilli as long as fifth 
tarsomere, claws proximally light and distally dark. 
	 Abdomen. Broadly oval. Light and not metallic 
[apparently]. Syntergite 1+2 without setae [apparently]. 
Tergite 1+2, tergite 3 and tergite 4 without median marginal 
setae. Tergite 3 with six [at least] lateral marginal setae. 
Tergite 4 with a row of marginal setae, absent on median 
region. Tergite 5 with a row of erect marginal setae. 
Discals absent [apparently]. Mid-dorsal depression of 
syntergite 1+2 not visible. Syntergite 1+2 without median 
marginal setae and with several short, lateral marginal 
setae. Abdominal setulae sub-erect. Sternite 1 not clearly 
visible. Sternite 2–3 rectangular, longer than wide, with 
long setae on lateral and distal regions. Sternite 4–5 
quadrangular, with long setae on lateral and distal regions. 
Sternites 2–5 with rounded edges and with two [at least] 
lateral setae and four [at least, not clearly visible] distal 
setae.
	T erminalia. Cercus, epiproct, hypoproct, and 
spermathecae not visible. 
	 Remarks. The head of the specimen is collapsed, 
deformed, and visibly hollow. The abdomen is slightly 
flattened dorsoventrally. A cloudy substance in the amber 
obscures some body structures in lateral and ventral 
views. 

Order Diptera Linnaeus, 1758
Infraorder Schizophora Becher, 1882

Parvorder Calyptratae Robineau-Desvoidy, 1830
Family Muscidae Latreille, 1802
Genus Dichaetomyia Malloch, 1921

Dichaetomyia immaculiventris Malloch, 1930
(Figs 1 D–G, 3) 

Diagnosis. [adapted from Malloch (1930) and Emden 
(1942)] Body shining testaceous-yellow. Antennae and 
palpi yellow. Gena, frons and occiput black with silver 
pruinosity. Thorax and abdomen dorsally pale without 
dark marks. Thorax with white pruinosity dorsally, 
forming three subvittae. Dorsocentrals 2+3. Infra-
alar bulla setulose. Legs yellow, tarsi apically slightly 
darkened. Wing yellowish hyaline. Fore tibia without a 
submedian posterior seta. Tergite 5 with discal setae.
	 Type locality and horizon. Burundi, Ethiopia, 
? Malawi, Mozambique, South Africa, Tanzania, and 
Zimbabwe (Couri et al., 2013).
	 Remarks. First record from Tanzanian copal.

Muscidae in Tanzanian copal
The Muscidae specimen belongs to the genus 
Dichaetomyia Malloch, 1921, which is widespread in 
the Afrotropical region with more than 70 species (Couri 
et al., 2012; Zielke, 2020, 2021a, b, c, 2022). Following 
the key of Emden (1942) and studies by Zielke (2020, 
2021a, b, c, 2022), the species has been identified as 
Dichaetomyia immaculiventris Malloch, 1930 (Fig. 3). 
However, some uncertainties remain due to the coloration 
and color pattern of the body, which are very important 
for the identification of the species within this genus, but 
unfortunately not preserved or visible in our specimen.
	 Muscidae are rare in copal from Tanzania, with only 
two other species reported, Aethiopomyia gigas (Stein, 
1906) (O’Hara et al., 2013) and Pyrellia viridissima 
Meunier, 1908 (Meunier, 1908). 

Actualistic experiments 
In actualist experiments in a Hymenaea forest in 
Madagascar and around Fagus sylvatica in a Cormorant 
National Park, Calyptrate flies have also been caught in 
sticky traps (Fig. 4). However, in the Hymenaea forest, 
calyptrates are not as abundant as other Diptera (Fig. 
4A, B). From a total of more than 1000 flies only 10 
are calyptrates. These are rare around Hymenaea but 
extremely abundant in the Cormorant National Park (Fig. 
4C, D).

Discussion

The new mesembrinellid species, M. guimaraesi sp. nov., 
is morphologically similar to M. caenozoica Cerretti et 
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al., 2017 and M. facialis (Aldrich, 1922). Cerretti et al. 
(2017) indicated M. caenozoica as sister to M. facialis 
based on the presence of narrow lateroventral projections 
of the distiphallus. Even without analysing this and other 
characters based on male terminalia, we also observed 
similarities between the new species and M. caenozoica 
and M. facialis, as the body is not metallic [apparently in 
M. guimaraesi sp. nov.], three post-pronotal setae, and 
stem vein bare (Guimarães, 1977; Cerretti et al., 2017). 
	 Additionally, both fossil species (M. guimaraesi sp. 
nov. and M. caenozoica) present the acrostichal setae with 
3+3 conformation (Cerretti et al., 2017), differing from all 
other known Mesembrinellids (Guimarães, 1977; Wolff, 
2013; Wolff et al., 2014; Whitworth & Yusseff-Vanegas, 
2019). Another remarkable difference is seen in the 
abdominal sternites. The new species and M. caenozoica 
have sternites with long, thin, normally developed setae, 
whereas M. facialis has long, thick, spine-like setae on 
both male and female sternites (Whitworth & Yusseff-
Vanegas, 2019).
	 Mesembrinella guimaraesi sp. nov. has the base 
of R4+5 bare, as in M. facialis, both species differ from 
M. caenozoica, which has a row of fine setulae on the 
dorsal side of vein R4+5 extending from the base to 
about ⅔ of the distance to crossvein r-m; a unique and 
likely derived character state among Mesembrinellidae 
indicated by Cerretti et al. (2017). Also, the tarsal claws 

of M. guimaraesi sp. nov. are light proximally and dark 
distally, as in M. facialis, while M. caenozoica has claws 
uniformly dark (Guimarães, 1977; Cerretti et al., 2017).
	 Mesembrinella guimaraesi sp. nov. was probably 
a stenotopic, silvicolous and shade-loving species, as 
hypothesized for M. caenozoica (Cerretti et al., 2017), 
living in a lowland coastal area with tropical dry forest and 
mangrove vegetation during the Cenozoic (Langenheim, 
1967; Solórzano Kraemer, 2007).
	 Dichaetomyia immaculiventris is a species with a 
wide distribution in the Afrotropical region (Couri et al., 
2013). According to the 14C results, the Holocene copal 
that contains the specimen of D. immaculiventris was 
most likely produced around the year 772–885 cal AD 
and has an age of 1270 ± 30 BP years. Inclusions in 
copal or Defaunation resin are not commonly described 
because most palaeontologists focus their attention 
on evolutionarily interesting species rather than on 
more recent inclusions that may contain extant species. 
However, the study of such specimens can be useful to 
understanding the diversity that existed in some places 
before the onset of the Anthropocene biodiversity crisis. 
	 Because of their young age, calyptrate flies could not 
be expected to be common in amber, however a few species 
could easily have been present with large populations. 
In copal and Defaunation resin they would be expected 
to be more abundant. However, this does not seem to 

FIGURE 3. Dichaetomyia immaculiventris Malloch, 1930. A–C, Male holotype (USNM). A, Head, frontal view. B, Habitus, 
dorsal view. C, Habitus, lateral view. D–F, Female paratype (USNM). D, Head, frontal view. E, Habitus, dorsal view. F, Habitus, 
lateral view.



Calyptrate flies in fossil resin Palaeoentomology 008 (4) © 2025 Magnolia Press   •   391

be the case. The size of these large flies is also unlikely 
to have played a role in their capture in the resin that 
later became copal or amber, because even if the sticky 
traps can catch large animals such as small vertebrates as 
geckos or medium to big invertebrates as calyptrate flies, 
the latter are rare around Hymenaea trees but extremely 

abundant around Fagus (Fig. 4C, D) in a Cormorant 
National Park. The calyptrates are ecologically diverse, 
with several species associated with decaying animal 
matter (Cerretti et al., 2017; Marinho et al., 2017). We 
hypothesize that the few calyptrates trapped in resins are 
more likely to be linked to flies resting on the tree trunks, 
and to the absence of decaying animal matter near resin 
sources. However, further actualistic studies are necessary 
to better understand this influence.
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