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Abstract. The Kosanička Rača locality is notable for its fossil macroflora, and arthropod remains, primarily insects. 
Age of sediments is based on paleofloristic investigations as Early Oligocene. Material includes sixteen specimens, 
consisting of one Diplopoda and fifteen insects. Due to their poor state of preservation, these specimens could only 
be classified at taxonomic levels that were ascertainable. This study identifies three groups of arthropods: those 
from moist habitats (JULIDAE), terrestrial flying insects (Bombus), and aquatic specimens like Notonecta. These 
findings indicate that the fossil community existed near water bodies.
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Introduction

The locality “Kosanička Rača”, which contains 
fossil arthropod (mostly insects) remains, is lo-
cated in southern Serbia, 17 km south of the city of 
Kuršumlija. An outcrop with fossil arthropods and 
macroflora remains was uncovered over a small area 
where marls, sandstones, and limestones alternate 
with andesites. Most of the fossil remains come from 
thin-layered, bituminous claystones, while a smaller 
portion is from solid fine-grained sandstones.

The age of the sediments has been determined 
based on macrofloristic research (Mihajlović, 1976, 
1980) as Early Oligocene based on the following 
macroflora fossils: Pinus sp., Podocarpus eocenica 
Ung., Sequoia couttsiae Heer, Ephedrites sotzkiana 
Ung., Daphogene sp., “Bumelia” sp., “Mimosites” 
haeringiana Ett., leguminous leaf types, Zizyphus 
zizyphoides (Ung.) Wld., Leptomeria flexuosa Ett., 
Myrica longifolia Ung., “Ficus” cf. acinervis Heer, 
“Ficus” sp., Dicotyledonae gen. et sp. indet., Mono-
cotyledonae gen. et sp. indet., and Fructus indet.

Many of the plant forms from Kosanička Rača 
belong to xerophytic and subxerophytic types, 
while only a few forms represent humid plant types 
from subtropical-tropical regions. The leaves of the 
plants from Kosanička Rača are small in size (lep-
tophyllous, nanophyllous, and smaller microphyl-
lous). The prevalence of xerophytic plant forms 
suggests that the climate during the existence of this 
plant community was tropical or subtropical with 
arid characteristics (Mihajlović, 1976, 1980).

In the sediments containing macroflora, there 
are relatively numerous poorly preserved arthropod 
fossils that are the subject of this study.

Material and methods

Arthropod fossils discovered within dark gray, 
thinly layered bituminous claystones were collected 
in conjunction with the macroflora; however, they 
have not undergone analysis until now. The speci-
mens are currently stored in dry conditions without 
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the use of any additional conservation methods at 
the Department of Paleontology, University of Bel-
grade – Faculty of Mining and Geology.

The collection consists of sixteen specimens of 
compressed arthropod, including one specimen of 
Diplopoda and fifteen specimens of insects. The 
identification of these fossil materials was conduct-
ed through comparative analysis with extant spe-
cies. Due to their poor state of preservation, these 
specimens could only be classified at taxonomic 
levels that were ascertainable, specifically at the or-
der and family levels.

The fossils were photographed with a digital 
camera, and in the photographs, noticeable details 
of the morphology of individual specimens are 
marked with arrows and abbreviations (Fig. 1).

Review of the fossil arthropoda

Class DIPLOPODA De Blainville in Gervais, 1844
Order JULIDA Brandt, 1833
Family JULIDAE Leach, 1814
Gen. et sp. indet.

Material. Inv. No. KRA/2 (Fig. 1a). One specimen 
of compressed Diplopoda.
Description. Body length: 32 mm. The fossilization 
is lateral, with the left side of the body visible. The 
overall appearance of the body is well-preserved, 
but it is difficult to determine the total number of 
segments. The head features short antennae and 
barely noticeable eyes. The segmented legs are 
clearly visible on the first two body segments, while 
on the others they are mostly missing or unclear.
Paleoecological remarks. They inhabit nearly all 
terrestrial environments. Typical inhabitants of for-
est floors, they live in leaf litter, decaying logs, or 
soil, provided that the habitat is moist.

Order HEMIPTERA Linnaeus, 1758
Suborder HETEROPTERA Latreille, 1810
Family NOTONECTIDAE Latreille, 1802
Notonecta Linnaeus, 1758
Notonecta sp. 1

Material. Inv. No. KRA/3 (Fig. 1f). One specimen 
of poorly preserved compressed insect.
Description. Body length: 4.33 mm. The fossiliza-
tion is dorso-ventral, with the ventral side of the 
body visible. The general appearance of the body 
is preserved. The head has a typical shape with a 
short rostrum. The rostrum reaches the fore coxae. 
The head is turned to the right, making only one 
small compound eye visible. The strongly scle-
rotized, dark, medial part of the food pump – the 
‘U’ structure is semi-distinct. The mid femur has a 
small denticle-shaped protuberance. On the hind leg 
femora, there are long basal hairs, almost as long as 
the tibia. The hind tibia is as long as one tarsal seg-
ment. The abdomen is concave ventrally, with the 
central keel invisible. Long marginal hairs on the 
ventral surface of the abdomen are preserved from 
all segments and are longer than the width of the 
abdomen.

Notonecta sp. 2

Material. Inv. No. KRA/9 (Fig.1g). Poorly pre-
served compressed insect.
Description. Body length: 4.95 mm. The fossiliza-
tion is dorso-ventral, with the ventral side of the 
body visible. The general appearance of the body 
is faintly preserved, especially the head and thorax, 
while the legs are missing. On the abdomen, the 
central keel is very faintly visible. Long marginal 
hairs on the ventral surface of the abdomen are clear 
and preserved from all segments.

Fig. 1. a, Julidae gen. et sp. indet. – head (h), antenna (a), eye (ey) legs (lg); b, Bombus sp. – scape (s), pedicel (p), flaggelum (fl), 
compound eye (ce), hind tibia (ht), basitarsus (bthl) tarsus of mid leg (trml), separate layer (sl); c, Apocrita gen. et sp. indet. 1 – 
compound eyes (ce), ocelli (oc), mandible (md), pronotum (pn), scapus (s), pedicel (p), anelli (an), front leg (fl), tibia (t), mid tibia 
(mt); d, Notonecta sp. 3; e, Anthomyzidae gen. et sp. indet. – frons (fr), compound eye (ce), aristate antenna (a), occiput (occ), pit 
of bristles (pit) wing: costal (C), second branch of radius (R1+2), coxa (co), femur (f), tibias (t), epandrium (ep), cercus (cer); f, No-
tonecta sp. 1 – rostrum (r), small compound eye (ce), foodpump the ‘U’ (u), mid femur (mf), denticle-shaped protuberance (dsp), 
hind legs femora (hf), hind tibia (ht), tarsi (htar) marginal hairs (mh); g, Notonecta sp. 2 – central keel (ck), marginal hairs (mh); 
h, Nematocera gen. et sp. indet. – wing (w), halteres (h), compound eyes (ce), maxillary palpi (mp 1–4), pedicel (p), tibia (t), ae-
deagal complex (ac), basistylus (bs), dististylus (ds); i, Notonecta sp. 4 – central keel (ck), marginal hairs (mh); j, Chalcididae gen. 
et sp. indet. – compound eye (ce), concav frons (fr), scape (s), pedicel (p), funiculus (f), clava (c), mandibule (m), wing marginal 
vien (mv), fore left leg (fll), petiole (pt), epipiygium (ep), ovipositor sheath (osh), hind femur (hf).
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Notonecta sp. 3

Material. Inv. No. KRA/8 (Fig. 1d). Poorly pre-
served fragment of insect.
Description. Only a small piece of the abdomen of 
Notonecta is present.

Notonecta sp. 4

Material. Inv. No. KRA/4 (Fig. 1i). Two com-
pressed larval abdomens (A and B).
Description. Abdomen A (2.72 mm) is fossilized 
laterally, with the left side visible. The concave 
shape of the abdomen is clearly observed along 
with long marginal hairs on the ventral surface of 
the abdomen preserved from all segments and an 
unclear central keel. Abdomen B (2.39 mm) is fos-
silized dorso-ventrally, with the ventral side visible. 
The central keel with long hairs and long marginal 
hairs on the ventral surface of the abdomen is clear-
ly visible. In specimen B, the thorax is very faintly 
marked.

Order DIPTERA Linnaeus, 1758
Family ANTHOMYZIDAE Czerny, 1903
Gen. et sp. indet.

Material. Inv. No. KRA/13 (Fig. 1e). One specimen 
of compressed insect.
Description. Body length: 5.12 mm. The specimen 
exhibits lateral fossilization, with the right side of 
the body clearly visible. The overall morphology 
is well preserved, a characteristic feature seen in 
many Diptera. The head is as wide as the thorax, 
presenting an angular shape; the frons extends for-
ward, tapering slightly towards the anterior end. 
The compound eyes are well developed, although 
the ocellar triangle remains unclear. The aristate an-
tennae are barely discernible, with the arista miss-
ing entirely. The occiput is distinctly concave on its 
dorsal surface. The thorax lacks chaetotaxy but re-
veals a few pits where bristles can be observed. The 
left wing measures 3.65 mm in length and is well 
preserved, although it appears weaker toward the 
proximal part. These wings are notably narrow and 
pointed at their tips; they resemble those of modern 
brachypterous forms found within the genus Stiph-
rosoma (Antomyziidae), albeit with much shorter 
wings. Only two veins are visible on this wing: the 
costal vein and second branch of radius, which ex-
tend to reach its tip. From the right hind leg, only 
the coxa and femur, along with both fore and hind 
left tibiae, have been preserved. The abdomen has a 

blunt termination featuring a prominent epandrium 
and cercus.
Paleoecological remarks. Adults typically reside 
in moist habitats such as damp meadows, marshes, 
bogs, and humid deciduous or mixed forests with 
rich undergrowth (Roháček, 1996, 1998).

Suborder NEMATOCERA Dumeril, 1805
Gen. et sp. indet.

Material. Inv. No. KRA/6 (Fig. 1h). One specimen 
of compressed insect.
Description. Body length:8.57 mm (?). The speci-
men exhibits lateral fossilization. All segments 
are widely separated, which somewhat distorts its 
overall appearance. The wing extends downward 
over the body, presenting a vague shape. The hal-
teres seem to have been torn off and drape down 
along the body. The legs are positioned against 
the sides of the body, contributing to an indistinct 
overall image that complicates identification. The 
head is oriented semi-frontal, with mouthparts di-
rected upwards. The compound eyes are large but 
their shape remains unclear – possibly holoptic in 
nature. The four-segmented maxillary palpi are 
visible and bent upwards, obscuring the base of 
the antennae; only the pedicel has been preserved. 
One tibia is distinctly visible and features pits con-
taining apical and preapical bristles or spines. The 
abdomen connects broadly to the thorax, with only 
traces of the second abdominal segment remain-
ing. However, the terminal segments of the abdo-
men are remarkably well preserved; they promi-
nently display an aedeagal complex, basistylus 
[gonocoxite], and dististylus [gonostylus], all ori-
ented downward.
Paleoecological remarks. These insects occur in 
tropical and subtropical regions at higher eleva-
tions; they are terrestrial insects (Arnett, 2000).

Order HYMENOPTERA Linnaeus, 1758
Family APIDAE Latreille, 1802
Bombus Latreille, 1802
Bombus sp.

Material. Inv. No. KRA/1 (Fig. 1b). One speciment 
of relatively well preserved insect.
Description. Body length: 15.9 mm. The specimen 
exhibits lateral fossilization, with the left side of 
the body clearly visible. The overall appearance is 
well-preserved, characterized by a larger and broad-
er body with a rounded abdomen tip. The head dis-
plays the typical shape associated with bumblebees 
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and features geniculate antennae. The scape is dis-
tinctly visible, while the remainder of the antenna – 
comprising the pedicel and flagellum is somewhat 
unclear. The compound eyes are relatively well-
preserved. Although the wings are missing, this 
fossil can still be accurately identified thanks to its 
remarkably preserved hind tibia and hind tarsus, 
which features an expanded first segment – the ba-
sitarsus – as well as a similar tarsus on the mid leg. 
The fossil is enveloped in a distinct colored layer, 
which may represent remnants of soft hairs – long 
branched setae known as ‘pile’ – that covered its 
entire body, partially contributing to a blurred ap-
pearance.
Paleoecological remarks. Bumblebees are terres-
trial insect pollinators that live in colonies and feed 
on nectar and pollen (Slater et al., 2005).

Suborder APOCRITA Gerstaecker 1867
Gen. et sp. indet. 1

Material. Inv. No. KRA/10 (Fig. 1c). One speci-
ment of compressed insect.
Description. Body length: Approximately 5 mm. 
The specimen displays lateral fossilization, with the 
right side of the body visible; however, the abdomen 
is bent downwards, which distorts the overall ap-
pearance. The head is observable from the front and 
appears wider than it is high. The compound eyes 
are clearly discernible, while ocelli are only faintly 
indicated. The antennae are geniculate, though in-
distinct; they feature a long scapus, along with a 
pedicel and flagellum where the flagellar articles 
appear short, likely incomplete. Distinct mandibles 
are present. The thorax exhibits a well-developed 
“high” pronotum. Although the wings are separated 
from the body and clearly visible, it is challenging 
to confirm that there are two pairs due to overlap-
ping. Wing venation is unclear and only partially in-
dicated in some areas; however, they appear slightly 
longer or as long as the body itself. The legs are de-
tached from the body and not fully complete, with 
some segments positioned far away from it. The 
middle leg is extremely poorly defined. In contrast, 
on the hind legs, tibiae show some widening while 
the metatarsus appears elongated, slightly widened, 
and cylindrical in shape.

Family CHALCIDIDAE Latreille, 1817
Gen. et sp. indet.

Material. Inv. No. KRA/12 (Fig. 1j). One speciment 
of compressed insect fossil.

Description. Body length: 6.57 mm. The fossiliza-
tion is lateral, and the left side of the body is vis-
ible. The overall appearance of the body is well-
preserved. The head features prominent, large 
compound eyes , a concave frons , and short, bent 
antennae (geniculate antennae) with scapus, pedi-
cel, funiculus, and clava. The segmentation on the 
funiculus and clava is unclear, but it is evident that 
there are fewer than 10 segments. Parts of the mouth-
parts – mandibles – are visible. There are two pairs 
of wings; one wing is very poorly indicated. The 
wings are membranous with an indistinct and com-
pletely reduced venation except for a short marginal 
vein. The legs are poorly preserved except for the 
fore left leg, which is unnaturally turned upwards 
along with parts of the coxa. The abdomen connects 
to the propodeum by a narrow, short petiole. At the 
end of the abdomen, separated epipygium and ovi-
positor sheath are visible.
Paleoecological remarks. Chalcidids predomi-
nantly function as solitary primary endoparasitoids 
that parasitize various insects including spiders and 
pseudoscorpions. Some have a broad host range 
while others exhibit narrow specialization; hosts 
can be found at all developmental stages from eggs 
to adults (Noyes, 2019).

Discussion and conclusion

At the site of Kosanička Rača, arthropod re-
mains were found in layers containing macroflora 
(Mihajlović, 1976, 1980). Based on the macrofloral 
remains, the age of the sediments has been defined 
as Early Oligocene, and the plant community ex-
isted under conditions of a dry subtropical-tropical 
climate.

In general, we can assume that the lifestyle and 
feeding habits of fossil insects do not differ sig-
nificantly from those of their modern relatives. By 
drawing analogies with recent forms in the fossil 
community of arthropods from this site and based 
on paleoecological characteristics, three groups can 
be distinguished. The first group includes organ-
isms that lived in moist habitats, primarily in leaf 
litter or plant detritus: Julidae, Phlaeothripidae, 
Staphylinidae, Anthomyzidae. The second group 
consists of terrestrial flying insects; some are polli-
nators (Bombus, Apocrita), while others are preda-
tors or parasites like Nematocera. The third group 
comprises aquatic insects represented solely by No-
tonecta which is present with the highest number of 
specimens. Based on this faunal composition, it can 
be concluded that this fossil community existed in 
close proximity to a body of water.
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In comparison to findings of fossil insects in 
Europe, entomofaunas of similar age are known 
from Germany – Enspel Lagerstätte (Wedmann et 
al., 2010); Stredohori Mts, Czechia (Prokop, Nel, 
2003). Other known communities of fossil insects 
from nearby regions are younger, Miocene age. 
There is a recently described insect fauna from 
the Valjevo-Mionica basin in Serbia (Lazarević, 
Milivojević, 2024) and well-established insect fau-
nas from Radoboj in Croatia (Heer, 1853), Tokaj 
Mts in Hungary (Sziraki, Dulai, 2002), Tunjice Hills 
in Slovenia (Zessin et al, 2008) and Bugojno – Bos-
nia and Herzegovina (Wedmann, Skartveit, 2020).
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