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The first fossil bird from the Miocene swamps of Gračanica, 
Bosnia and Herzegovina: A novel and very unique duck

Zbigniew M. Bochenski, Johannes Happ, Grzegorz Salwa, and Teresa Tomek

ABSTRACT

The authors describe a nearly complete skeleton of a new genus and species of
duck from the Middle Miocene, preserved on a slab. The skull, mandible, sternum and
pelvis are also preserved, making this specimen even more unique. This is the first fos-
sil duck with documented gastroliths. The gastroliths appear as a cluster of several
dozen polished stones in a place that anatomically corresponds to the approximate
location of the gizzard in ducks. This is also the first fossil bird from the Gračanica site,
which has long been known for numerous early Middle Miocene fossils, ranging from
large mammals and mollusks, and more recently also for fish, amphibians and reptiles,
as well as arthropods, insects, sponges, protists, macroflora and plant pollen. The
specimen displays a mosaic of primitive and advanced characters that are not exclu-
sive to one tribe of ducks, therefore, apart from excluding Anatini, its systematic affilia-
tion cannot be precisely indicated. However, we have sufficient reason to believe that
at least in the ecological sense it was a diving duck.
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INTRODUCTION

Gračanica is still an active opencast lignite
mine, the exploitation of which began in 1938. The
site has long been known for early Middle Miocene
fossils of large mammals and mollusks, more
recently also for fish, amphibians, reptiles, as well
as arthropods, insects, sponges, protists, macro-
flora and plant pollen (Göhlich and Mandic, 2020).
It is a type locality for many taxa from different sys-
tematic groups. So far, representatives of almost all
vertebrate classes have been found in Gračanica -
the exception being birds. The authors describe
the first almost complete fossil bird from this local-
ity: a new genus and species of a medium-sized
duck preserved on a slab.

The oldest representatives of the crown group
Anatidae are the genera Mionetta and Uyrekura
from the early Oligocene of Kazakhstan (Zelenkov,
2024). From the late Oligocene, the genera Mio-
netta and Pinpanetta are known from France and
Australia (Mayr, 2022) and Aminornis and Teleor-
nis from Argentina (Tambussi et al., 2023). Mio-
cene anatids include several dozen species
worldwide (Mlíkovský, 2002; Zelenkov, 2020,
2023b). Sites rich in diverse anseriform fauna are
known from Europe (Mlíkovský, 2002), Asia (Goro-
bets, 2013; Zelenkov, 2011, 2012a, 2012b, 2020,
2023b; Zelenkov and Kurochkin, 2012), Australia
and New Zealand (Worthy et al., 2007, 2022; Wor-
thy, 2009). Two species, Mionetta blanchardi from
Europe and Manuherikia lacustrina from New Zea-
land, are exceptional because they are known from
very numerous specimens (Cheneval, 1987; Wor-
thy et al., 2007). However, most fossil duck species
are represented by scarce material, sometimes
even only single bones (e.g., Boev, 2007, 2020;
Gál et al., 2000; Göhlich, 2009; Kessler and Venc-
zel, 2009). More complete specimens with associ-
ated skeletal elements are rare (Bochenski et al.,
2023). All this makes comparing different species
of Miocene ducks very difficult (Mayr et al., 2022).
It is even more difficult to determine the relation-
ships between Anatidae (Worthy, 2009; Worthy
and Lee, 2008; Worthy et al., 2022; Zelenkov et al.,
2018). It is not surprising that this problem has not
yet been fully resolved (Mayr et al., 2022; Worthy
et al., 2022; Zelenkov, 2020). The new and almost
complete specimen described in this paper is one
of the few preserved on slabs, so there is no doubt
that all the bones belong to the same individual. It

makes a small but important contribution to
expanding our knowledge of Miocene ducks.

MATERIAL AND METHODS

The osteological terminology follows Baumel
and Witmer (1993) and the nomenclature and clas-
sification of modern taxa follow Dickinson and
Remsen (2013). Measurements are in millimeters.

The specimen consists of fossilized bones
and their impressions on a slab. The slab was thin
and brittle, so immediately after the specimen was
found it was reinforced with epoxy resin, which
adhered to parts of some of the bones. This rein-
forcement allowed the specimen to be preserved in
its entirety, but prevented later, more precise dis-
section of individual skeletal elements by one of us
(GS). The exception is the os carpi ulnare, which
was cut out of the specimen and is now a three-
dimensional object. The specimen was examined
by computed tomography performed using a Sie-
mens EMOTION 6 device. The scan layer thick-
ness was 0.625 mm, which formed the basis for 3D
reconstruction of the specimen.

The osteological collection of the Institute of
Systematics and Evolution of Animals, Polish
Academy of Sciences (ISEA PAS) made the follow-
ing Anatidae specimens available for comparisons:
Dendrocygninae: Dendrocygna arborea, D. autum-
nalis, D. bicolor, D. eytoni, D. viduata. Oxyurinae:
Oxyura jamaicensis. Anserinae: Anser albifrons, A.
anser, A. caerulescens, A. canagicus, A. erythro-
pus, A. fabalis, A. indicus, Branta bernicla, B.
canadensis, B. leucopsis, B. ruficollis, B. sandvi-
censis, Cereopsis novaehollandiae, Coscoroba
coscoroba, Cygnus atratus, C. columbianus, C.
cygnus, C. melanocoryphus, C. olor. Anatinae:
Mergini: Bucephala clangula, B. islandica, Clan-
gula hyemalis, Lophodytes cucullatus, Melanitta
fusca, M. nigra, Mergellus albellus, Mergus mer-
ganser, M. serrator, Somateria mollissima, S. spec-
tabilis. Tadornini: Alopochen aegyptiaca,
Chloephaga picta, Tadorna ferruginea, T. tadorna,
T. variegata. Aythyini: Aythya ferina, A. fuligula, A.
marila, A. nyroca, Netta rufina. Anatini: Ama-
zonetta brasiliensis, Anas acuta, A. bahamensis,
A. capensis, A. crecca, A. formosa, A. gibberifrons,
A. platyrhynchos, A. poecilorhyncha, A. rubipres,
A. superciliosa, Malacorhynchus membranaceus,
Mareca strepera, M. falcate, M. penelope, M. sibi-
latrix, Spatula clypeata, S. cyanoptera, S. discors,
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S. querquedula, S. rhynchotis. Genera incertae
sedis: Aix galericulata, A. sponsa, Biziura lobata,
Callonetta leucophrys, Chenonetta jubata, Netta-
pus auritus, N. coromandelianus, N. pulchellus,
Stictonetta naevosa.

The fossil specimen was compared both with
the original descriptions of Miocene ducks previ-
ously described and with later publications contain-
ing descriptions of the features and/or their
illustrations. These additional publications, if any,
are listed here in square brackets after the taxo-
nomic authorities of the species: Dunstanetta Wor-
thy, Tennyson, Jones, McNamara, and Douglas,
2007 [Worthy, 2009; Worthy and Lee, 2008; Wor-
thy et al., 2008, 2022]; Manuherikia Worthy, Tenny-
son, Jones, McNamara, and Douglas, 2007
[Worthy, 2009; Worthy and Lee, 2008; Worthy et
al., 2008, 2022]; Mionetta blanchardi (Milne-
Edwards, 1863) [Canterbury Museum’s account on
www.sketchfab.com; Cheneval, 1983; Howard,
1964; Livezey and Martin, 1988; Milne-Edwards,
1867-1868; Worthy and Lee, 2008; Zelenkov,
2023c, 2024]; Mionetta consobrina (Milne-
Edwards, 1867–1868) [Lambrecht, 1933; Howard,
1964; Cheneval, 1983]; Mionetta defossa Zelen-
kov, 2023c [Lambrecht, 1933; Švec, 1981; Chene-
val, 1983; Göhlich, 2002]; Caerulonettion natator
(Milne-Edwards, 1867-1868) [Lambrecht, 1933;
Švec, 1981; Cheneval, 1983; Göhlich, 2002; Zelen-
kov, 2023c]; Pinpanetta Worthy, 2009 [Worthy et
al., 2022]; Aythya denesi (Kessler, 2013) [Zelenkov
2016]; Aythya molesta (Kurochkin, 1985) [Zelen-
kov, 2012a, 2016]; Ayhya shihuibas Hou, 1985
[Stidham, 2015]; Miotadorna sanctibathansi Wor-
thy, Tennyson, Jones, McNamara, and Douglas,
2007 [Worthy and Lee, 2008]; Anas kurochkini
Zelenkov et Panteleyev, 2015 [Zelenkov, unpub-
lished photo]; Matanas enrighti Worthy, Tennyson,
Jones, McNamara and Douglas, 2007; Mioquerq-
uedula minutissima Zelenkov and Kurochkin, 2012
[Zelenkov, 2023a]; Mioquerquedula soporata
(Kurochkin, 1976) [Zelenkov, 2023a; Zelenkov and
Kurochkin, 2012]; Mioquerquedula palaeotagaica
Zelenkov, 2023b; ?Mioquerquedula sp. [Zelenkov,
2017: PIN no. 5073/142]; Bambolinietta lignitifila
(Portis, 1884) [Mayr and Pavia, 2014]; Chenoanas
asiatica Zelenkov, Stidham, Martynovich, Volkova,
Li, Qui, 2018; Chenoanas deserta Zelenkov, 2012b
[Zelenkov et al., 2018]; Chenoanas sansaniensis
(Milne-Edwards, 1867–1868) [Göhlich, 2009;
Zelenkov et al., 2018]; Aix praeclara Zelenkov and
Kurochkin, 2012; Nogusunna conflictoides Zelen-
kov, 2011 [Stidham and Zelenkov, 2017]; Protome-
lanitta gracilis Zelenkov, 2011 [Stidham and

Zelenkov, 2017; Zelenkov, 2023a]; Protomelanitta
bakeri Stidham and Zelenkov, 2017; Protomelanitta
velox (Milne-Edwards, 1867-1868) [Švec, 1981;
Zelenkov, 2023a; Zelenkov and Kurochkin, 2012];
Tagayanetta palaeobaikalensis Zelenkov, 2023b;
Selenonetta lacustrina Zelenkov, 2023b; Sharga-
netta mongolica Zelenkov, 2011.

The following ratios between skeletal ele-
ments were calculated: the brachial index
(humerus length/ulna length), carpometacarpus
length/phalanx proximalis digiti majoris length,
humerus length/carpometacarpus length, and car-
pometacarpus length/coracoid medial length.

SYSTEMATIC PALAEONTOLOGY

Class AVES Linnaeus, 1758
Order ANSERIFORMES Wagler, 1831

Family ANATIDAE Leach, 1819
Genus Gracanicanetta gen. nov.

zoobank.org/B466431A-DAD9-4C5C-A309-10BCC3F8A98B

Type species. Gracanicanetta happi gen. et sp.
nov.
Etymology. After Gračanica where the specimen
was found, added to the Greek “netta” meaning
“duck”. 
Taxonomic remarks. The new species resembles
Anatidae in overall morphology of all skeletal ele-
ments, including long processus retroarticularis of
the mandibula, foramina neurovascularia on the
beak and mandibula, coracoid with deeply concave
and rounded cotyla scapularis, laterally protruding
facies articularis humeralis, humerus with capital
shaft ridge and carpometacarpus with a notch in
the caudal rim of the dorsal portion of the trochlea
carpalis.
Differential diagnosis. Gracanicanetta happi gen.
et sp. nov. is distinguished from: 
* Lavanttalornis hassleri Bochenski, Happ,

Salwa, Tomek, 2023, from the late Middle Mio-
cene of southern Austria, in: coracoid with
straight medial edge of shaft that does not
incline medially, humerus with distinct notch of
incisura capitis in proximal outline of the bone,
carpometacarpus with short synostosis meta-
carpalis distalis, and a relatively small value of
the ratio of the length of carpometacarpus to the
length of phalanx proximalis digiti majoris;

* Mionetta blanchardi (Milne-Edwards, 1863),
from the late Oligocene to Middle Miocene of
Europe, in: skull with beak significantly shorter
than the braincase, and elongated preorbital
region, clavicula very robust and thick, humerus
with distinct notch of incisura capitis in proximal
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outline of the bone; carpometacarpus with short
synostosis metacarpalis distalis;

* Caerulonettion natator (Milne-Edwards, 1867–
1868), from the Early Miocene of France and
the Czech Republic, and early Middle Miocene
of Germany, in: coracoid with processus acro-
coracoideus hardly protruding beyond the
medial margin of shaft, and humerus with dis-
tinct notch of incisura capitis in proximal outline
of the bone;

* Mionetta defossa Zelenkov, 2023c, from the
Early Miocene of France and the Aral Sea
region, Kazakhstan, Miotadorna sanctibathansi
Worthy, Tennyson, Jones, McNamara, and
Douglas, 2007, from the early Middle Miocene
of New Zealand, and Aythya denesi (Kessler,
2013) from the Late Miocene of Hungary, in:
humerus with distinct notch of incisura capitis in
proximal outline of the bone;

* Manuherikia Worthy, Tennyson, Jones,
McNamara, and Douglas, 2007 from the early
middle Miocene of New Zealand, in: coracoid
with the plane through the depth of the acro-
coracoid subperpendicular to the plane of
extremitas sternalis;

* Dunstanetta Worthy, Tennyson, Jones,
McNamara, and Douglas, 2007, from the early
middle Miocene of New Zealand, in: coracoid
with processus acrocoracoideus hardly protrud-
ing beyond the medial margin of shaft, and
facies articularis clavicularis without a distinct
notch in its caudal margin;

* Pinpanetta Worthy, 2009, from the Late Oligo-
cene/Early Miocene of Australia, in coracoid
with processus acrocoracoideus hardly protrud-
ing beyond the medial margin of shaft, and
humerus with distinct notch of incisura capitis in
proximal outline of the bone; 

* Sharganetta mongolica Zelenkov, 2011 from the
Middle Miocene of Mongolia, in: humerus with
distal margin of the caput humeri in caudal view
almost straight, and the caput humeri undercut
by the fossa pneumotricipitalis dorsalis; 

* Nogusunna conflictoides Zelenkov, 2011 from
the middle Miocene of Mongolia, in: humerus
with a weak capital shaft ridge oriented towards
the tuberculum dorsale;

* Protomelanitta gracilis Zelenkov, 2011, from the
middle Miocene of Mongolia, in: coracoid with
processus acrocoracoideus hardly protruding
beyond the medial margin of shaft, and
humerus with the caput humeri somewhat wider

proximodistally, and tuberculum ventrale
directed caudo-cranially;

* Protomelanitta bakeri Stidham and Zelenkov,
2017 from the Middle Miocene of the USA, in:
humerus with the caput humeri somewhat wider
proximodistally and tuberculum dorsale is ori-
ented more caudally;

* Protomelanitta velox (Milne-Edwards, 1867),
from the Middle Miocene of France, in: coracoid
with a moderately deep depression in the dorsal
part of the sulcus m. supracoracoidei and car-
pometacarpus with a deep fossa infratrochle-
aris;

* Chenoanas deserta Zelenkov, 2012b and Che-
noanas asiatica Zelenkov, Stidham, Marty-
novich, Volkova, Li, Qui, 2018, both from the
Middle Miocene of eastern Russia and Mongo-
lia, Chenoanas sansaniensis (Milne-Edwards,
1867–1868), from the Early to Middle Miocene
of Europe, eastern Russia and Mongolia, and
Matanas enrighti Worthy, Tennyson, Jones,
McNamara and Douglas, 2007, from the Early-
Middle Miocene of New Zealand, in coracoid
with processus acrocoracoideus hardly protrud-
ing beyond the medial margin of shaft;

* Aix praeclara Zelenkov et Kurochkin, 2012,
Mioquerquedula soporata (Kurochkin, 1976),
and Mioquerquedula minutissima Zelenkov et
Kurochkin, 2012, all from the middle Miocene of
Mongolia, in: coracoid with the plane through
the depth of the acrocoracoid subperpendicular
to the plane of extremitas sternalis, and proces-
sus acrocoracoideus hardly protruding beyond
the medial margin of shaft; 

* Tagayanetta palaeobaikalensis Zelenkov,
2023b, from Early–Middle Miocene of Lake Bai-
kal region, Russia, and Aythya molesta
(Kurochkin, 1985), from the Late Miocene of
Mongolia, in coracoid with facies articularis cla-
vicularis without a distinct notch in its caudal
margin;

* Selenonetta lacustrina Zelenkov, 2023b, from
Early–Middle Miocene of Lake Baikal region,
Russia, in: humerus with distinct notch of inci-
sura capitis in proximal outline of the bone, and
the crista deltopectoralis noticeably longer than
the proximal width of the humerus;

* Aythya shihuibas Hou, 1985, from the Late Mio-
cene of China, in: humerus with the tuberculum
dorsale elevated above caudal surface of shaft;

* Anas kurochkini Zelenkov et Panteleyev, 2015,
from the Late Miocene of northeastern Sea of
Azov region, Russia, in: coracoid with the plane
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through the depth of the acrocoracoid subper-
pendicular to the plane of extremitas sternalis,
and facies articularis clavicularis without a dis-
tinct notch in its caudal margin;

* all extant ducks by a unique combination of
characters: wide beak significantly shorter than
the braincase, elongated preorbital (lacrimal)
region of the skull, relatively wide sternum,
coracoid with straight medial edge of shaft that
does not incline medially, with the plane through
the depth of the acrocoracoid subperpendicular
to the plane of extremitas sternalis, and facies
articularis clavicularis without a distinct notch in
its caudal margin, humerus with distinct notch
of incisura capitis in proximal outline of the
bone, a weak capital shaft ridge oriented
towards the tuberculum dorsale, and tubercu-
lum dorsale elevated above caudal surface of
shaft, carpometacarpus with short synostosis
metacarpalis distalis, and a relatively small
value of the ratio of the length of carpometacar-
pus to the length of phalanx proximalis digiti
majoris, os carpi ulnare with almost flat distal
surface.

Gracanicanetta happi sp. nov.
Figures 1, 2A, 3A, 4, 5A, B, D, 6A, B

zoobank.org/5D64C46B-10EF-4B80-BFCB-746ED09AA113

Etymology. The species is named after Helga and
Friedrich Happ, herpetologists and donors of the
fossil, who dedicated their lives to the conservation
of reptiles and amphibians of Carinthia, southern
Austria.
Holotype. ISEA AF/GRA1 (Figures 1, 2A, 3A, 4, 5,
6A, B), partly articulated, nearly complete skeleton
on a slab from which os carpi ulnare has been
removed and is visible as a 3D object; housed at
the Institute of Systematics and Evolution of Ani-
mals, Polish Academy of Sciences, Krakow,
Poland.
Type locality and horizon. Gračanica open-cast
lignite mine, still utilized commercially, situated in
the Bugojno basin, between Gornji Vakuf and Donji
Vakuf, central Bosnia and Herzegovina; GPS coor-
dinates using WGS84 datum: 43.997662° N,
17.518516° E (Mandic et al., 2016). The age of the
Gračanica mine deposits is estimated to be Early-
Middle Miocene, late Langhian, 16-13.5 Ma, how-
ever, the dating is still considered to be contentious
(Göhlich and Mandic, 2020). The specimen was
found by miners during their working routine in the
lower half of the 40 m thick deposits, rich in lignites
(Göhlich and Mandic, 2020, fig. 1c).
Diagnosis. As for the genus.

Measurements. Measurements (in mm) including
total length (TL) and others: coracoid, medial
length ca 36.7; scapula TL, 46.2; humerus TL,
68.0, proximal width, 15.9, distal width, 10.5; ulna
TL, 59.7; carpometacarpus TL, 39.1, proximal
width, 9.6; phalanx proximalis digiti majoris TL,
17.6; femur TL, ca 36.4.

Description and Comparison

Skull and mandible. The skull is visible in ventro-
lateral view (Figures 1, 2A). As in some extant
Mergini (e.g., Bucephala, Clangula) the beak is
wide and significantly shorter than the braincase.
Other extant Mergini (e.g., Melanitta), Tadornini
(e.g., Tadorna), Aythyini (Aythya and Netta), Den-
drocygninae (Dendrocygna) and Oxyurinae (Oxy-
ura) also have wide beaks, but the length of their
beaks is similar to the length of the braincase. The
beaks of extant Anatini are usually slightly nar-
rower but like in the Miocene Mionetta blanchardi
and Lavanttalorins hassleri, their length is also sim-
ilar to the length of the braincase. Completely dif-
ferent beaks (extremely narrow and very long) are
observed in extant Mergus and Mergellus. As in
derived Anatinae (i.e., Anatini, Aythyini, Mergini)
and Tadornini, the preorbital (lacrimal) region of the
skull is elongated; in Mionetta and Mioquerque-
dula, and more primitive extant Anatidae such as
Dendrocygninae, Thalassornis, Biziura), this region
is shortened. As in extant anseriforms, the foram-
ina neurovascularia are visible at the end of the
beak and mandible. As in extant Anatidae, a long
and rostrally projecting processus postorbitalis can
be distinguished within the crushed braincase. The
articular part of the mandible bears the processus
medialis and the long processus retroarticularis
which is typical of all anatids.
Sternum. The sternum is visible in dorsal view
(Figures 1, 3A). Although the right part of the ster-
num is partially obscured by the pelvis, the sternum
was wide in relation to its length. Similar sternum
proportions are observed in extant Mergini (except
Mergus and Mergellus) and Aythyini. Ducks
belonging to Anatini, Tadornini, Oxyurini and Den-
drocygnini have a more elongated sternum. As in
most extant anatids but unlike Oxyura, the pila
coracoidea forms a thickened ridge (Worthy and
Lee, 2008: character 34). The remaining details of
the rostrum sterni are not visible because they are
covered by crushed vertebrae.
Coracoid. Coracoids are visible in dorsal view; the
right one is complete but partially obscured by
other bones, and the left one shows only a frag-
ment of the shaft (Figures 1, 4). In length, the cora-
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coid is similar to that of extant Spatula querquedula
but its shaft is more massive and wider. As in Che-
noanas, the medial edge of the shaft is straight and
does not deviate medially; in Lavanttalornis, the
omal section of the shaft inclines strongly medially.
As in Mergini and part of Aythyini but unlike Mio-
querquedula minutissima, Manuherikia lacustrina,
Aix praeclara, Anas kurochkini, and extant Anatitni
and Tadornini, the plane through the depth of the
acrocoracoid is subperpendicular to the plane of
extremitas sternalis (Worthy and Lee, 2008: char-
acter 45). The processus acrocoracoideus projects
only slightly beyond the medial edge of the shaft,
which distinguishes it from Chenoanas, Dunsta-
netta, Pinpanetta, Caerulonettion natator, Matanas

enrighi, Aix praeclara, Mioquerquedula minutis-
sima, Mioquerquedula soporata, Mioquerquedula
palaeotagaica, Protomelanitta gracilis, and many
extant taxa including Anatini and Aix. Unlike Duns-
tanetta, Aythya molesta, Tagayanetta palaeobai-
kalensis, Anas kurochkini and extant Anas s.l.,
facies articularis clavicularis does not bear a dis-
tinct notch in its caudal margin although its surface
is slightly concave. There is a moderately deep
depression in the dorsal part of the sulcus m.
supracoracoidei, which differs from Protomelanitta
velox, where this sulcus is without a pronounced
concavity and pits. As in all anatids, the margin of
the facies articularis humeralis projects laterally,

FIGURE 1. Gracanicanetta happi gen. et sp. nov., holotype, specimen ISEA AF/GRA1 from Gračanica, Bosnia and
Herzegovina, Early-Middle Miocene. A, slab after exposing all the bones and removing the os carpi ulnare; B, frag-
ment of slab before removal of the os carpi ulnare. Abbreviations: gas, gastroliths; lca, left carpometacarpus; lcl, left
clavicula (omal fragment); lco, left coracoid; lcr, left os carpi radiale; lcu, left os carpi ulnare; lhu, left humerus; lpp, left
phalanx proximalis digiti majoris; lra, left radius; lul, left ulna; man, mandibula; pel, pelvis; rcl, right clavicula (omal frag-
ment); rco, right coracoid; rfe, right femur; rhu, right humerus; rra, right radius; rsc, right scapula; rul, right ulna; sku,
skull; ste, sternum.
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and the cotyla scapularis is large, rounded and
deeply concave.
Scapula. The right scapula is visible in ventrolat-
eral view (Figures 1, 4). This element has a typical
duck-like appearance with an extended acromion
and a moderately prominent tuberculum cora-
coideum. In the ventral edge, just below the articu-

lar part, there is a “shelf-shaped” attachment with a
longitudinal depression. A similar structure is found
in extant Clangula hyemalis. In Aythya, Melanitta
and Bucephala there is a flattening but without a
depression, while in Anas the flattening, if present,
is very small.

FIGURE 2. Comparison of the skull and mandible. A,
Gracanicanetta happi gen. et sp. nov., holotype, speci-
men ISEA AF/GRA1 from Gračanica, Bosnia and Her-
zegovina, Early-Middle Miocene, in ventrolateral view;
B, Clangula hyemalis (Mergini) in dorsal view; C, Spat-
ula querquedula (Anatini) in dorsal view. Abbreviations:
fne, foramina neurovascularia; lrm, left ramus mandibu-
lae; rrm, right ramus mandibulae; pme, procesus media-
lis; por, preorbital region; ppo, procesus postorbitalis;
pre, procesus retroarticularis.

FIGURE 3. A, sternum and pelvis of Gracanicanetta
happi gen. et sp. nov., holotype, specimen ISEA AF/
GRA1 from Gračanica, Bosnia and Herzegovina, Early-
Middle Miocene, in dorsal view; B, sternum of Buceph-
ala clangula (Mergini) in dorsal view; C, sternum of
Spatula querquedula (Anatini) in dorsal view. The
extant species are shown in the same size as the fossil
to facilitate comparison. Abbreviations: gas, gastroliths;
ila, incisura lateralis; mco, margo costalis; pco, pila
coracoidea; pel, pelvis; rfe, right femur; ste, sternum.
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Clavicula. Omal fragments of both claviculae have
been preserved; the right one is visible in lateral
view, and the left in medial view (Figures 1, 4, 5).
Unlike Mionetta blanchardi and all extant Anatidae,
the clavicula is very robust and thick also laterome-
dially. The thick facies articularis acrocoracoidea is
well developed and moderately long, somewhat
similar to that in Melanitta; in many extant Anatidae
it is longer and rather narrow (e.g. Anatini, Aythyini)
or poorly developed (e.g., Dendrocygninae,
Tadornini, Somateria).
Humerus. The left humerus is visible in caudal
view and the right humerus in dorsocranial view
(Figures 1, 5). Although the proximal part of the
shaft is partially crushed, a weak capital shaft ridge
oriented to the tuberculum dorsale is visible, as in
Protomelanitta. This ridge orientation is also seen
in fossil Mionetta, Manuherikia, and Dunstanetta
and in extant Oxyura and Mergini, except that the
ridge is prominent in these taxa (Worthy and Lee,
2008: character 51). In other taxa including fossil
Nogusunna and Miotadorna and extant Dendro-
cygninae and Tadornini, the prominent capital shaft
ridge is oriented between tubercule dorsale and
caput humeri. Miocene Aythya shihuibas and
extant Anatini have virtually no capital shaft ridge.
Of all Miocene taxa, the caput humeri is most simi-
lar to that of Protomelanitta. It is true that it is wider
proximodistally than in Protomelanitta gracilis and
P. bakeri but still relatively narrow, distinctly nar-
rower than, for example, in Caerulonettion natator.
The distal margin of the caput humeri in caudal
view is almost straight as in Protomelanitta; in
Sharganetta and especially in Caerulonettion the
distal margin is convex. Similar to, among others,
Protomelanitta gracilis, P. bakeri and Nogosunna
conflictoides, the fossa pneumotricipitalis dorsalis
is narrower than the fossa pneumotricipitalis ven-
tralis (Worthy and Lee, 2008: character 53) and
undercuts the caput humeri; in Sharganetta and
extant Dendrocygninae, Tadornini, Aythyini and
Anatini, the fossa does not undercut the head
(Worthy and Lee, 2009: character 134). Although
the apex of the tuberculum ventrale is missing, it
seems that, like in Manuherikia lacustrina, Lavant-
talornis hassleri and extant Oxyurinae, Mergini,
Aythyini and Anatini, it was directed caudo-crani-
ally (Worthy and Lee, 2008: character 57) because
the caudal border of fossa pneumotricipitalis ven-
tralis is not concave as in Protomelanitta gracilis
but straight or even slightly convex. In Protome-
lanitta gracilis, Mionetta blanchardi, Miotadorna
sanctibathansi, Chenoanas, Sharganetta and
extant Dendrocygninae and Tadornini, the tubercu-

lum ventrale is directed proximally. As in most
extant ducks including Oxyurinae, Mergini, Aythyini
and Anatini, the proximal profile of the humerus is
interrupted by a distinct notch created by incisura
capitis (Worthy and Lee, 2008: character 59). A
similarly distinct notch is also found in many fossil
taxa such as Sharganetta mongolica, Nogusunna
conflictoides, Protomelanitta gracilis, P. bakeri,
Aythya molesta, A. shihuibas, Manuherikia and
Dunstanetta. A shallow notch was reported for Mio-
netta blanchardi, Mionetta defossa, Carulonettion
natator, Miotadorna sanctibathansi, Aythya denesi
and Lavanttalornis hassleri whereas in Selenonetta
and Pinpanetta as well as extant Dendrocygninae
and Tadornini it is almost missing. The tuberculum
dorsale is similar to that of Protomelanitta in that it
is subtriangular, has only a slightly extended distal
margin, and is somewhat elevated above the cau-
dal surface of shaft - the latter not as much as the
modern Dendrocygninae but more than the Mio-
cene Aythya shihuibas, modern Aythyini, Mergini,
or Anatini which are defined as “coplanar” (Worthy
and Lee, 2008: character 56). Unlike in Protome-
lanitta bakeri but similar to P.garacilis, the tubercu-
lum dorsale is oriented more caudally than
dorsally. Proximal fragments of the crista deltopec-
toralis are visible on both humeri, and the right
humerus also shows remnants of the connection
between the crista deltopectoralis and the humeral
shaft, which allows for the assessment of the
length of the crista. Unlike Selenonetta, the crista
deltopectoralis is noticeably longer than the proxi-
mal width of the humerus. Other details of the prox-
imal humerus, including fossa pneumotricipitalis
ventralis and crista bicipitalis, are not visible. The
processus flexorius extends distally roughly as far
as the condylus dorsalis (Worthy and Lee, 2008:
character 63). As in many extant Mergini, the fossa
brachialis is large, wide and has a distinct ventral
margin; in extant Anatini, the fossa is usually nar-
rower and has a smaller surface area.
Ulna. The left ulna is visible in ventral view, and the
distal part of the right bone is visible in dorsal view
(Figures 1, 5). The ulna is noticeably shorter than
the humerus. The proximal part is too poorly pre-
served for meaningful comparisons. As in some
Mergini (e.g., Melanitta), the ventral edge of the
condylus dorsalis is somewhat elongated and
merges quite gently with the shaft; in Anatini, the
edge is semicircular and joins more abruptly with
the shaft. 
Carpometacarpus. The left carpometacarpus is
visible in ventral view, the right one is missing (Fig-
ures 1, 5). Processus extensorius is less prominent
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cranially than in extant Tadornini; as in the similarly
sized extant Aythya nyroca, it is relatively wide
proximodistally and its proximal edge is oriented
mainly cranially, whereas in many extant Anatini it
is directed proximocranially. Contrary to e.g., Mio-
querquedula palaeotagaica and Protomelanitta
velox, the fossa infratrochlearis is deep, and
another fossa located distocaudally to the proces-
sus pisiformis is also very pronouned. The caudal
rim of the dorsal portion of the trochlea carpalis has
a wide notch, which can be seen on the CT scan.
The synostosis metacarpalis distalis is shorter than
the width of the carpometacarpus measured at the
distal end of the spatium intermetacarpale (Worthy
and Lee, 2008: character 84). Short synostosis is
present in some extant Mergini (Bucephala, Clan-

FIGURE 4. Gracanicanetta happi gen. et sp. nov., holo-
type, specimen ISEA AF/GRA1 from Gračanica, Bosnia
and Herzegovina, Early-Middle Miocene. A, right coracoid
in dorsal view, right scapula in ventrolateral view, and
omal fragment of right clavicula in lateral view; B, com-
puted tomography scan of right coracoid in ventral view;
C, omal fragment of right coracoid in dorsomedial view.
Abbreviations: csc, cotyla scapularis; fac, facies articu-
laris clavicularis; fah, facies articularis humeralis; pac,
procesus acrocoracoideus; rcl, right clavicula (omal frag-
ment); rco, right coracoid; rsc, right scapula; smc, sulcus
m. coracoidei; ssa, shelf-shaped attachment.

FIGURE 5. Gracanicanetta happi gen. et sp. nov., holo-
type, specimen ISEA AF/GRA1 from Gračanica, Bosnia
and Herzegovina, Early-Middle Miocene. A, wing
bones; B, computed tomography scan of left carpo-
metacarpus in dorsal view; C, proximal humerus of
Protomelanitta gracilis, redrawn from Zelenkov (2017:
fig.1c); D, schematic drawing of the proximal humerus
of Gracanicanetta happi. Abbreviations: cbi, crista bicip-
italis (possible shape); cde, crista deltopectoralis; chu,
caput humeri; csr, capital shaft ridge; fbr, fossa brachia-
lis; fin, fossa infratrochlearis; fpd, fossa pneumotricipi-
talis dorsalis; fpv, fossa pneumotricipitalis ventralis; lca,
left carpometacarpus; lcr, left os carpi radiale; lhu, left
humerus; lpp, left phalanx proximalis digiti majoris; lra,
left radius; lul, left ulna; nic, notch in incisura capitis; ntc,
notch in caudal rim of trochlea carpalis; pex, processus
extensorius; pfl, processus flexorius; ppi, processus
pisiformis; rhu, right humerus; rra, right radius; rul, right
ulna; smd, synostosis metacarpalis distalis; tdo, tuber-
culum dorsale; tve, tuberculum ventrale; ved, ventral
edge of the condylus dorsalis.
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gula, Melanitta) and Tadornini (Tadorna). A long
(i.e., different) synostosis is present in Miocene
Lavanttalornis hassleri, Mionetta blanchardi,
Manuherikia lacustrina and in many extant taxa,
including Dendrocygninae, Aythyini and Anatini.
Os carpi ulnare. The left os carpi ulnare was origi-
nally visible in proximal view but has been carved
from the slab and is now a three-dimensional
object (Figures 1, 6). Its distal surface is different
from all extant ducks (this element has not yet
been described in Miocene ducks): In dorsal view,
the distal edge is almost flat, while in extant Anati-
dae there is a bulge of varying shape.
Pelvis. The damaged pelvis, which appears rather
narrow, is visible in dorsal view against the back-
ground of the sternum (Figures 1, 3A). The right
femur is in articulation with it. There is a cluster of
several dozen smooth gastroliths in the postace-
tabular region; some of them are whitish and oth-
ers are black. The cluster measures approximately
18 x 10 mm. The dimensions of the exposed
stones range approximately from 0.5 to 2.5 mm.
Femur. The crushed but almost complete right
femur, in articulation with the pelvis, is visible in
caudolateral view (Figure 1). In the proximal part,
the outline of the trochanter has been preserved; it
protrudes above the caput femoris. Contrary to all
extant Anatidae, the shaft is very thick for its
length; it does not seem that this thickness results
exclusively from crushing because both edges
(cranial and caudal) are smooth. Similarly stout
bones, albeit of the wing, have been observed in
Bambolinetta; leg elements are not known for this
fossil. The shaft is moderately bent caudally in the
distal third (Worthy and Lee, 2008: character 93).
Members of extant Anas have straight shafts,
whereas Aythni and Mergini usually have shafts
that are bent to varying degrees. The distal part
does not allow a meaningful description.
Ratios between skeletal elements. The brachial
index (humerus length/ulna length) for Gracanica-
netta happi is 1.1 and is the same as for Lavantta-
lornis hassleri and many extant species from all
Anatinae groups (Appendix 1). Slightly lower val-
ues (approximately 1.0) are observed in all Den-
drocygninae and parts of Tadornini, and slightly
higher values (1.2) are observed in representatives
of various groups. The length ratio of carpometa-
carpus / phalanx proximalis digiti majoris is more
diversified in Anatidae. This ratio for Gracanica-
netta happi is 2.2. No extant species examined had
such a low value of this ratio; the closest value
(2.3) occurred in some Dendrocygna, Oxyura and
Mergini. Higher values (2.4 - 2.7) were observed in

FIGURE 6. Comparison of the os carpi ulnare. A-B,
Gracanicanetta happi gen. et sp. nov., holotype, speci-
men ISEA AF/GRA1 from Gračanica, Bosnia and Her-
zegovina, Early-Middle Miocene; C-D, Aythya ferina
(Aythyini); E-F, Spatula querquedula (Anatini); G-H,
Bucephala clangula (Mergini). Specimens in the left col-
umn (A, C, E and G) are shown in distal view, and those
in the right column (B, D, F and H) in dorsal view. The
extant species are shown to be the same size as the
fossil to facilitate comparison. Abbreviations: cbr, crista
breve; clo, crista longum.
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various taxonomic groups. Lavanttalornis hassleri
also showed a higher ratio (2.4). The ratio humerus
length / carpometacarpus length for Gracanica-
netta happi is 1.7. This value was higher (1.8 - 2.0)
in all examined representatives of Dendrocygninae
(5 species), Oxyurinae (1 species) and Aythyini (5
species) (Appendix 1). The vast majority of Anatini
(15 out of 20) showed slightly lower values   of this
ratio (1.6), but the rest had the same ratio (1.7). A
similar range of ratio was in Tadornini (1.6 - 1.7).
For Mergini, the values   of the ratio ranged from 1.6
to 1.8, with more than half of the species (6 out of
10) having the same value as for Gracanicanetta
(1.7). The carpometacarpus length / coracoid
medial length ratio for Gracanicanetta is 1.1
(Appendix 1). The ranges encompassing this ratio
value were found in Mergini (09 - 1.2), Aythyini (0.9
- 1.1) and Anatini (1.1 - 1.2). All Dendrocygninae
and Tadornini had larger ratio values   (1.2 - 1.4 and
1.3 - 1.4, respectively), and Oxyurini had a dis-
tinctly smaller value (0.9).

DISCUSSION

Most Miocene species have been described
as new genera (Mayr et al., 2022); extant anatid
genera emerged at the end of the Miocene (Zelen-
kov, 2020). Many Miocene anatids show a mosaic
of features typical of various modern taxa (Zelen-
kov, 2012b) and Gracanicanetta happi is no excep-
tion, as has been shown in the differential
diagnosis. In Gracanicanetta happi, the most
important phylogenetic features are preserved on
the coracoid and humerus. The fact that the plane
of the acrocoracoid is inclined with respect to the
plane of the extremitas sternalis, and that the pro-
cessus acrocoracoideus does not protrude far
medially excludes Anatini and suggests a diving
duck in the ecological sense of the word (Zelenkov,
2011, 2023a). Also, a narrow pelvis suggests div-
ing ability (Raikow, 1970; Worthy and Lee, 2008). A
relatively wide sternum does not exclude diving
because some extant diving species have a wide
sternum and a narrow pelvis (Raikow, 1971). The
exclusion of Anatini is also supported by several
other features on various skeletal elements (see
description above). Many features seem to agree
with Mergini but none of them is exclusive to this
tribe; they also occur in other groups of anatids. In
studying Protomelanitta velox Zelenkov (2023a)
noted that modern Mergini (diving ducks in the eco-
logical sense) tend to have a shorter carpometa-
carpus than Anatini (dabbling ducks). Our
preliminary analysis of the two ratios (humerus/car-
pometacarpus and carpometacarpus/coracoid) to

some extent confirms this observation. However,
the matter seems to be somewhat more compli-
cated, mainly because of the large variation among
Mergini. Mergus and Mergellus have the relatively
shortest carpometacarpi, also Clangula and
Lophodytes differ from Melanitta and Somateria,
whose two ratios may be the same as in some
Anatini. These two ratios seem to differentiate
Dendrocygninae and Oxyurinae, as well as Aythy-
ini and Tadornini from other taxonomic groups of
ducks. However, the values   found for Gracanica-
netta are within the range of both Mergini (diving
ducks in the ecological sense) and Anatini (dab-
bling ducks), making it difficult to draw firm conclu-
sions based on this criterion. There is quite a large
diversity of taxa within the Mergini tribe. The extant
genera Mergus and Mergellus have anatomical
adaptations for piscivory (e.g., narrow long beaks,
narrow sternae), and they can certainly be ruled
out. In terms of the appearance of its beak and
sternum, Gracanicanetta happi is more like the
modern genera Bucephala or Clangula, but it is
likely that these characteristics reflect lifestyle
rather than phylogenetic relationship. 

Gracanicanetta happi was probably diving for
food. However, it is difficult to clearly indicate its
more precise systematic affiliation. The preserved
skeletal elements, on the one hand, show a mosaic
of features characteristic of various groups of
ducks, and on the other hand, features specific to
Gracanicanetta happi including a shelf-shaped
attachment on the scapula, robust clavicula, flat
distal surface of os carpi ulnare, and long (com-
pared to carpometacarpus) phalanx proximalis dig-
iti majoris. This set of features indicates a new
species, and the age of the sediment (Middle Mio-
cene) rather excludes an extant genus (Zelenkov,
2020). In Gracanicanetta happi, the humerus,
which is one of the most important carriers of the
phylogenetic signal (Zelenkov, 2012b and refer-
ences therein), displays both primitive (e.g., ele-
vated tuberculum dorsale) and progressive (e.g.,
caudo-cranially oriented tuberculum ventrale) char-
acters. The advanced morphology of various
humeral characters was acquired independently in
at least two anatid lineages (Anatinae and Oxyuri-
nae), suggesting parallel evolution (Zelenkov,
2012b). The situation is further complicated by the
fact that each of the diving duck tribes (Oxyurini,
Mergini and Aythyini) underwent convergent evolu-
tion (Stidham and Zelenkov, 2017). In some
respects, Gracanicanetta is like Protomelanitta.
However, differences between the two genera in
the tuberculum ventrale (one of the diagnostic fea-
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tures of the genus Protomelanitta) indicate that the
new specimen belongs to a separate genus, which
is nevertheless closely related to Protomelanitta.
Stidham and Zelenkov (2017) conclude that the
placement of Protomelanitta within a specific clade
of diving ducks is not clearly indicated. A similar
problem is with the placement of Gracanicanetta.
Due to the mosaic of characters, it may be a primi-
tive representative of any clade of diving ducks.

Gastroliths are found in many different spe-
cies of birds, not only in those that feed on plant
food (Norman and Brown, 1985; Panichev and
Seryodkin, 2022), but they are also present in the
stomachs of modern ducks (Norman and Brown,
1985; Panichev and Seryodkin, 2022). The cluster
of several dozen small, polished stones in Gracani-
canetta happi is in a place that anatomically corre-
sponds to the approximate location of the gizzard
in ducks, which confirms that they are indeed gas-
troliths. This makes Gracanicanetta happi the first
fossil duck with documented gastroliths. This is
probably because most fossils are loose bones,
and only a few specimens are preserved as rea-
sonably complete remains on slabs where gastro-
liths are likely to be recognized. It is most often
assumed that gastroliths form a gastric mill in giz-
zard, but they may also play a role in mineral sup-
plementation or be ingested accidentally (Wings,
2007). Thus, the presence of gastroliths suggests
herbivory but as mentioned above, this is not a
strict correlation and in the case of fossil species,
caution in interpretation is recommended (O’Con-
nor et al., 2018). Future palynological studies of
these gastroliths may shed light on the composition
of plants consumed by Gracanicanetta happi.

The absence of gnawing marks on the one
hand and the preservation of the skeleton, mainly
in articulation on the other suggest a rapid covering
of the body in an anoxic calm environment, without
major underwater turbulence that could have stim-
ulated its dismemberment and loss of skeletal ele-
ments (Bienkowska-Wasiluk, 2010; Vasilyan,
2020). This may suggest that the fossil was depos-
ited in a waterier part of the swamp, which allowed
for rapid submergence. However, it may also sug-
gest a multitude of suspended particles that quickly
and densely covered the submerged body. The lig-
nite layers from Gracanica, where the fossil was
discovered, also indicate a large amount of wood
and therefore a peat-forming process, which would
explain the abundance of suspended particles and
the rapid and dense covering that led to an anoxic
environment.
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APPENDIX 1. 

Length of selected bones (in mm) and their ratios, rounded to one decimal place to avoid giving a false 
impression of the accuracy of this preliminary analysis. Abbreviations: hum, humerus; cmc, carpometacar-
pus; cor, coracoid; phal, phalanx proximalis digiti majoris. Extant specimen numbers are those of the osteo-
logical collection of the ISEA PAS. Classification of modern taxa follows Dickinson and Remsen (2013). 
Appendix is available for download at: 
https://palaeo-electronica.org/content/2025/5476-first-miocene-duck-from-bosnia-and-herzegovina
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