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The alleged early Miocene Auk Petralca austriaca is a Loon (Aves, Gaviiformes): 
restudy of a controversial fossil bird

Ursula B. Göhlicha   and Gerald Mayrb 
aDepartment of geology and Palaeontology, Natural History Museum Vienna, Vienna, austria; bornithological section, senckenberg research institute 
Frankfurt, Frankfurt am Main, germany

ABSTRACT
We restudy the holotype specimen of the alleged fossil auk Petralca austriaca from early Miocene marine 
deposits of the Austrian locality Pucking, which was considered the earliest European representative of 
Alcidae (auks). The specimen is a partial skeleton consisting mainly of wing bones on two slabs. A recent 
re-preparation yielded new data on the skeletal morphology of Petralca, which allow more detailed 
comparisons with auks and loons. Our study shows that the taxon is clearly distinguished from auks in 
various skeletal features and can be confidently identified as a loon (Gaviiformes). Petralca resembles 
Colymboides in overall morphology of the wing bones, and clearly is a stem group representative of 
Gaviiformes. However, some features indicate that it is more closely related to the crown group taxon Gavia 
than to the stem group taxa Colymboides and Colymbiculus. Unusually thick bone walls of the limb bones 
indicate well-developed diving capabilities for Petralca austriaca.
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Introduction

Petralca austriaca Mlíkovský 1987 was described as a fossil 
species of auks (Alcidae), within a new subfamily Petralcinae, 
and was considered to be the by far oldest record of Alcidae 
in the Cenozoic of Europe (Mlíkovský 1987, 2002, 2009). The 
only known specimen, a partial and poorly preserved skeleton, 
stems from marine deposits from Pucking in Austria, which were 
considered at that time to be of late Oligocene (MP30) age. More 
recent investigations of the fauna resulted in an early Miocene 
age (Gregorova et al. 2009; Grunert et al. 2010).

However, assignment of Petralca austriaca to the Alcidae 
was doubted by some researchers in the past, suggesting that 
this species more likely represents a loon (Gaviiformes) (Mayr 
(2009a); Wijnker and Olson (2009). These foot-propelled aquatic 
birds today only include five very similar species, all in the taxon 
Gavia, and have an exclusively Northern Hemispheric distribu-
tion. The fossil record of Gaviiformes is quite comprehensive, 
with numerous different taxa being known from Cenozoic local-
ities in Europe and North America (Mayr 2017), with possible 
records also existing from the early Cenozoic of South America 
(Acosta Hospitaleche & Gelfo 2015; see, however, Mayr 2017).

In the original description of P. austriaca no morphological 
arguments for its identification as an auk were provided, and the 
incompleteness and poor preservation of the holotype aggravated 
comparisons based on the published figures (Mlíkovský 1987). 
Because some bones are only represented by hollow impressions 
in the slab and others were split along their midline, few features 
of the bone surfaces are visible. Therefore, we initiated further 

preparation of the specimen and initiated casting of some bone 
imprints in the slabs. As a result, we present new data on the 
skeletal morphology of the specimen and confirm its identifi-
cation as a loon.

Geological, stratigraphical and palaeontological settings

The fossil bearing marine deposits were exposed in the 1980s at 
a temporary outcrop during the construction of a hydroelectric 
power plant near the small town of Pucking, southwest of the city of 
Linz in Upper Austria (Austria) (Figure 1). More recent investiga-
tions of the fossil content dated the deposits to belong to the Lower 
Miocene, upper Egerian stage (=early Aquitanian), corresponding 
to the lower part of the nannoplankton zone NN2 (Gregorova et 
al. 2009; Grunert et al. 2010) with an age of about 22 Ma.

The fossiliferous laminated silty clays are part of the Ebelsberg 
Formation (Krenmayr & Schnabel 2006) and were deposited in 
the North Alpine Foreland Basin (NAFB) along the northern 
shelf of the Central Paratethys. The Pucking section represents 
a Konservat-Lagerstätte with well-preserved vertebrates and 
invertebrates (e.g. molluscs, nautidloid, echinoderm, etc.), a 
rich fauna of microfossils (foraminifers, dinoflagellates) and a 
palyno- and leaf-flora (for more details see Kovar 1982; Grunert 
et al. 2010). Vertebrates are dominated by teleost fishes, of which 
the most outstanding is a giant sunfish (Gregorova et al. 2009). 
Apart from fishes, other vertebrate fossils are rare. In addition 
to the bird Petralca austriaca, the locality only yielded a skeleton 
of a dolphin (Grunert et al. 2010; pl.1, Figure 1).
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Type locality and age. Pucking (N 48° 12′ 22″; E 14° 13′ 27″) 
in Upper Austria, Lower Miocene, upper Egerian stage (=early 
Aquitanian), corresponding to the lower part of the nannoplank-
ton zone NN2 (Gregorova et al. 2009; Grunert et al. 2010).
Description and comparisons. Measurements of the different wing 
bones of Petralca austriaca are given in Table 1 and measure-
ments of other Paleogene and Neogene species of Gaviiformes 
are compiled in Table 2.

The left coracoid displays most of its ventral surface, the 
right coracoid is visible from dorsally but is overlain by the left 
humerus, so that only its omal half and sternal end is exposed 
(Figure 3(A, B)). Most of the processus procoracoideus (includ-
ing a possible foramen nervi supracoracoidei) and processus lat-
eralis of the extremitas sternalis are not preserved. The coracoid 
resembles the corresponding bone of loons and differs from that 
of auks in the absence of a well-defined, large and suboval facies 
articularis clavicularis and in a dorsoventrally less deep facies 
articularis sternalis. In auks, the dorsal portion (facies externa) 
of the facies articularis sternalis is markedly deeper and the ster-
nal margin of the coracoid is markedly concave (Figure 3(F)) 
whereas it is almost straight in Petralca. The omal portion, from 
the processus acrocoracoideus to the sternal end of the cotyla 
scapularis, is proportionally slightly longer than in Colymboides 
(C. anglicus, C. minutus) and approaches the condition in extant 
loons (Figure 3(C, E, H)). The coracoid of P. austriaca is similar in 
size (only slightly smaller, Table 2) to G. schultzi and C. anglicus, 
but differs from the first by the straight sternal border of the blade 
(concave in G. schultzi) and from the latter by a shorter ventral 
rim of the facies articularis humeralis (Figure 3(D, H)).

The humerus of Petralca (Figure 4(A–D, F)) differs from that 
of auks in the round cross section of the shaft, which is cranio-
caudally compressed in auks (Figure 4(K, M)). Furthermore, the 
ventral portion of the distal humeral end is not craniocaudally 
slanted as in auks and no processus supracondylaris dorsalis is 
developed (Figure 4(J)). In overall morphology, the humerus of 
Petralca closely resembles that of Colymboides (Figure 4(H)). 
It is clearly distinguished from that of the middle Eocene stem 
group gaviiform Colymbiculus (Mayr & Zvonok 2011, 2012) in 

Material and methods

The fossil of Petralca austriaca is housed in the Natural History 
Museum Vienna Austria.

The osteological terminology used in this article follows 
Baumel and Witmer (1993) if not indicated otherwise; meas-
urements were taken after von den Driesch (1976).

Institutional abbreviations: IRSNB – Institut Royal des 
Sciences Naturelles des Belgique, Brussels; MNHN – Musée 
National d’Histoire Naturelle Paris; NHMW – Naturhistorisches 
Museum Wien; NMB – Naturhistorisches Museum Basel.

The following fossil gaviiform taxa were considered for 
comparisons: Colymbiculus udovichenkoi Mayr & Zvonok 2011 
(Ikovo, Ukraine, middle Eocene); Colymboides anglicus Lydekker 
1891 (Hordle, United Kingdom, late Eocene); Colymboides bel-
gicus Mayr & Smith 2002 (Hoogbutsel, Belgium, lowermost 
Oligocene); ?Colymboides metzleri Mayr 2004 (Frauenweiler, 
Germany and Niel-Boom, Belgium, early Oligocene); 
Colymboides minutus Milne-Edwards, 1867 (St.-Gérand-le-Puy, 
France, early Miocene, MN2); Gavia schultzi Mlíkovský 1998 (St. 
Margarethen, Austria, middle Miocene); Gavia egeriana Švec 
1982 (Dolnice, Czech Republic, early Miocene, MN4). Instead, 
Colymboides harundinea (Kurochkin 1968) (Chelkar-Teniz, 
Kasakhstan, late Early Oligocene) and the two late Miocene 
species Gavia paradoxa Umanskaya 1981 (western Black Sea 
area, Ukraine, Late Miocene, MN11–13) and Gavia moldavica 
Kessler 1984 (Chişinău, Moldova, Late Miocene, MN9?) are each 
represented only by a single bone fragment, which do not allow-
comparisons with Petralca.

Systematic palaeontology

Aves Linnaeus 1758
Gaviiformes Wetmore & Miller 1926
Petralca Mlíkovský 1987
Petralca austriaca Mlíkovský 1987

Material. Holotype only, partial skeleton on slab (NHMW 
1980/0025/0001a) and counter-slab (NHMW 1980/0025/0001b) 
(Figure 2), lacking skull and hind limbs.

Figure 1. geographic position of the locality Pucking in austria.
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the proportionally narrower proximal end of the humerus, a less 
developed and less dorsally projecting crista deltopectoralis (as 
far as this crista can be estimated in Petralca) and the thicker 
bone walls of the humeral shaft (Figure 4(K)). The humerus 
of Petralca is proportionally less elongate than that of extant 

loons (Gavia spp.), with a proportionally wider proximal end 
and a shorter crista bicipitalis. The tuberculum supracondy-
lare ventrale is proportionally shorter and wider than in Gavia 
(including the early Miocene G. egeriana) and resembles the 
condition in Colymboides (Figure 4(H)); the condylus ventralis 

Figure 2. Holotype of Petralca austriaca (NHMW 1980/0025/0001a + b) from Pucking, partial skeleton in a, slab, and B, counter slab. anatomical abbreviations: cmc, 
carpometacarpus; cor, coracoid; hum, humerus; l, left; pda, phalanx digiti alulae; pdm, phalanx digiti minoris; ped, pedal phalanx; ppd, phalanx proximalis digiti majoris; 
r, right; rad, radius; sca, scapula; uln, ulna.
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in Alcidae, the distally facing facies articularis metacarpale is 
cranially sloping in Petralca (Figure 5(B–D)).

The carpometacarpus of Petralca (Figure 5(E, F)) corre-
sponds to that of both Alcidae and Gaviiformes in its propor-
tions. Furthermore, like in Alcidae and Gaviiformes the trochlea 
carpalis is proximodistally elongate and there is no prominent 
processus extensorius on the os metacarpale alulare. However, 
the distal extension of the os metacarpale alulare is longer in 
Petralca than that in Alcidae, but not as long as in extant Gavia 
(Figure 5(E–I)).

Of the distal wing phalanges, only the phalanx proximalis dig-
iti majoris (Figure 5(E, F)) allows meaningful comparisons, being 
proportionally wider in craniocaudal direction than in Gavia 
and Alcidae. Unlike in Alcidae, a distally projecting processus 
internus indicis (Stegmann 1963) is not developed.

We identify an isolated bone next to the left wing as a 
pedal phalanx based on the outlines of the proximal and distal 
ends which resemble the cotyla articularis and the capitulum 
phalangis, respectively. In addition to the above described skel-
etal elements, fragmentary remains of ribs, of some vertebrae 
and of both scapulae are preserved on the slabs, but meaningful 
descriptions or comparisons of these bones are not possible.

is proportionally smaller than in Gavia (including G. egeriana) 
(Figure 4(G, I)). The humerus of G. schultzi only exhibits its cau-
dal surface, which prevents a detailed comparison of the cranial 
side of the distal humeral end (Figure 4(E)).

Both ulnae are poorly preserved and allow no description of 
anatomical details. As in other Gaviiformes the bone is distinctly 
shorter than the humerus (Tables 1 and 2).

The radii likewise do not permit close comparisons due to 
their fragmentary preservation. The distal end resembles that 
of extant Gavia.

For our study the carpal bones of the left wing were removed 
from the matrix and are now available as isolated elements. 
The os carpi ulnare (Figure 5(A)) corresponds well with that 
of Gavia and is distinguished from that of Alcidae in that the 
crus longum is shorter than the crus breve and in that the crus 
breve is proximodistally wider than in auks. The os carpi radiale 
(Figure 5(B)) exhibits the characteristic derived morphology of 
extant Gaviiformes (Mayr 2014). A unique derived feature that 
distinguishes the os carpi radiale of Petralca from auks and sup-
ports the assignment to Gaviiformes is the deep and centrally 
positioned notch for the tendon of musculus ulnometacarpalis 
ventralis (Figure. 5(B–D)). Furthermore, like in Gavia but unlike 

Table 1. Measurements (in mm) of the preserved bones of Petralca austriaca (gl: greatest length, lm: medial length, W: width, caud: caudal, dist: distal, diaph: diaphysis, 
max: maximum).

GL Lm W diaph W caud W dist W max

Sin Dext Sin Dext Sin Dext Sin Sin Sin Dext
coracoid 36.5 37.0 33 19.0
Humerus 70.0 72.0 4.8 4.7 9.5
radius 56.5 57.8
Ulna 57.5
carpometacarpus 43.0 44.4
Ph prox. dig. maj. 14.8 15.5 6.2 6.0
Ph dig. alulae 12.0

Table 2. Metrical comparison of wing bones of Petralca austriaca from Pucking with Paleogene and Neogene taxa of gaviiformes from Europe.

Notes: Measurements of the compared taxa from:
aMlíkovský (1998)
bŠvec (1982)
ccheneval (1984)
dMayr (2004)
eMayr (2009b)
flydekker 1891, Figure 43
gMayr and Zvonok (2012)
gl: greatest length, W dist: distal width, estim.: estimated gl.

Coracoid Humerus Humerus Ulna Radius Cmc

GL GL W dist GL GL GL
Gavia schultzia (st. Margarethen, austria) Middle Miocene 41.5 estim. 85–90 ~10.0

ca MN6
Gavia egerianab (Dolnice, czech republic) Early Miocene 9.5

MN4b
Colymboides minutusc (st.-gerand-le-Puy, France) Early Miocene 27.0–30.6 59.4–67.1 48.7–55.9 48.1–52.8 29.9–34.0

MN2a
Petralca austriaca (Pucking, austria) Early Miocene 36.5–37.0 70.0–72.0 9.5 57.5 56.5–57.8 43.0–44.4

~MN1
Colymboides metzlerid (Frauenweiler, germany) Early oligocene 60.5 46.6. 45.5 33.4
Colymboides? metzlerie (Niel-Boom, Belgium) Early oligocene, ~62 ~46–47 35.5

MP23–24
Colymboides anglicusf (Hordle, United Kingdom) late Eocene 41.0

MP17
Colymbiculus udovichenkoig (ikovo, Ukraine) Middle Eocene ~63.3
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3(C and G)). In these two features, which we consider to be 
derived ones, Petralca corresponds to fossil and extant species 
of Gavia. However, Petralca differs from Gavia but corresponds 
to Colymboides in a proportionally shorter and wider tubercu-
lum supracondylare ventrale of the humeral distal end and in a 
shorter os metacarpale alulare of the carpometacarpus. Despite 
the greater overall similarity to Colymboides, which we consider 
to be due to the retention of plesiomorphic features, we consider 
Petralca to be more closely related to Gavia than are Colymboides 
and Colymbiculus.

Concerning the dimensions of coracoid and humerus (Table 2), 
P. austriaca is slightly smaller than G. schultzi from the middle 
Miocene of Austria. It differs from the similar-sized G. egeriana 
from the late early Miocene of the Czech Republic in the humerus 
features mentioned in the description above (e.g. proportionally 
shorter and wider tuberculum supracondylare ventrale and larger 
condylus ventralis).

Extant loons breed at freshwater sites in northern latitudes 
but outside the breeding season they occur in marine habitats of 
temperate region of the Northern Hemisphere. The entire verte-
brate and invertebrate fossil assemblage from Pucking represents 
a marine fauna, but early Cenozoic loons are known from both 
lacustrine and marine deposits (Mayr 2009a, 2017). It cannot be 

Discussion

As we have highlighted above, Petralca is clearly distinguished 
from auks in numerous skeletal features, in which it agrees with 
Gaviiformes. A unique derived character shared by Petralca and 
Gaviiformes is found in the shape of the os carpi radiale which 
exhibits a very marked, deep and centrally positioned notch for 
the tendon of musculus ulnometacarpalis ventralis (Figure 5(B)).

Overall, the bones of Petralca resemble those of Colymboides, 
of which at least one species (C. minutus) is known from coeval 
fossil sites. However, P. austriaca is distinguished in the dimen-
sions of the wing bones from the known species of Colymboides 
(Table 2). Petralca austriaca is distinctly smaller than C. belgi-
cus (only proximal carpometacarpus and distal ulna available) 
and slightly smaller than C. anglicus (only coracoid available), 
but larger than C. minutus and C. metzleri. Furthermore, the 
carpometacarpus of Petralca is proportionally longer than in 
Colymboides (ratio carpometacarpus length / humerus length: 
0.62 in Petralca, versus 0.50–0.51 in C. minutus [based on 
measurements of Cheneval 1984], and 0.55–0.57 in C. metzleri 
[based on measurements of Mayr 2004, 2009a]). The extremi-
tas omalis of the coracoid is proportionally somewhat longer in 
Petralca than in Colymboides (compare Figure 3(B) with Figure 

Figure 3. coracoids of Petralca austriaca from Pucking in comparison to other fossil and extant taxa. (a) P. austriaca (NHMW 1980/0025/0001b), left coracoid (counter-
slab) in ventral view. (B) P. austriaca, right coracoid (counter-slab) in dorsal view. (c) the early Miocene Colymboides minutus from st.-gérand-le-Puy (France), left 
coracoid (mirrored, MNHN sg 9258) in dorsal view. (D) the middle Miocene Gavia schultzi (holotype, NHMW 1986/0092/0001a), from st. Margarethen (austria), right 
coracoid in dorsal view. (E) the extant Gavia arctica, right coracoid (NHMW 9.898) in dorsal view. (F) the extant Alca torda, right coracoid (NHMW 5.293) in dorsal view. 
(g), the early oligocene Colymboides? metzleri from Niel-Boom (Belgium), right coracoid (irsNB av 85a) in dorsal view (from Mayr 2009b: figure 1a). H, the late Eocene 
Colymboides anglicus from Hordle (United Kingdom), left coracoid in ventral view (from lydekker 1891: figure 43). scale bars equal 3 cm.
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is characteristic for seabirds with proficient diving capabilities 
and is also found in G. egeriana (Švec 1982; pl. 1, figure 1a) and 
extant loons. We therefore conclude that in the early Miocene 
stem group Gaviiformes were diversified both in morphological 
features and living habits.

Extant loons only comprise five very similar species, all within 
the taxon Gavia. Our study documents that there was higher 
diversity of stem group Gaviiformes in the Early Miocene of 
Europe. As detailed in the present study, Petralca austriaca is 
morphologically distinct from Colymboides minutus and more 
closely related to Gavia, with both species differing from the 
even more crownward Gavia egeriana, as exemplified by the 

said if these species already had a seasonal migratory behavior, 
but we note that at least one species, C. minutus is documented 
from both marine and lacustrine sediments (Mlíkovský 2002). 
The localities in France (St.-Gérand-le-Puy: lacustrine) and 
the Czech Republic (Dolnice: marine) are, however, on similar 
latitudes.

The Petralca specimen is also of interest concerning the living 
habits of early Miocene loons. Extant loons are foot propelled 
divers, but based on the less developed proximal projection of the 
cristae cnemiales, Storer (1956) concluded that C. minutus was 
less well adapted to diving. However, Petralca is characterized by 
a very thick bone wall of the humeral shaft (Figure 4(K)), which 

Figure 4. Humeri of Petralca austriaca from Pucking in comparison to other fossil and extant taxa. P. austriaca (NHMW 1980/0025/0001a + b): (a) imprint and poor 
bony remains of left humerus in counter-slab. (B) incomplete left humerus on slab in cranial view. (c) silicon cast of imprint of right humerus in cranial view. (D) silicon 
cast of imprint of right humerus of counter-slab in caudal view. (E) Gavia schultzi from st. Margarethen (austria) (holotype, NHMW 1986/0092/0001b) right humerus 
in caudal view. (F) silicon cast of imprint of left humerus of P. austriaca, distal half in cranial view. (g) Gavia egeriana from Dolnice (czech republic), distal half of left 
humerus (holotype, DP FNsP 4816) in cranial view (from Švec 1982: pl. 1, figure 1a). (H) Colymboides minutus (NMB Ph.2005) from st.-gérand-le-Puy (France), distat half 
of left humerus in cranial view (from Mayr & Zvonok 2012: figure 6h). (i) extant Gavia arctica (NHMW 9.898), distal portion of left humerus in cranial view. (J) extant Alca 
torda (NHMW 8.193), distal half of left humerus, in cranial view. (K) P. austriaca, cross section of left humerus in mid-shaft. (l) extant Gavia arctica (NHMW 9.299), cross 
section of humerus. (M) Alca torda, silhouette drawing of cross section of humerus (from smith 2013; Figure 4c). abbreviations: cv, condylus ventrale; psd, processus 
supracondylaris dorsalis; tsv, tuberculum supracondylare ventrale. Note: all scale bars equal 2 cm, except scale bar for K–M, which equals 1 cm.
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