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Aetosaurs (Aetosauria, Marsh, 1884) were quadrupedal, 
armoured reptiles, similar to the Cretaceous ankylosaurid 
dinosaurs or crocodiles. They were typical representatives 
of Late Triassic terrestrial faunas with a body length ranging 
from 1 m (Coahomasuchus; Heckert and Lucas, 1999) to 
over 5–6 m (Desmatosuchus; Parker, 2008; Desojo et al., 
2013). The name of the group comes from the Greek, mean-
ing eagle-lizards, as their light skull with many openings is 
similar to the skulls of birds. However, the dermal armour 
consisted of numerous rectangular osteoderms and this is 
their most characteristic and best-known feature. They pre-
viously were considered to have been herbivorous animals 
(Walker, 1961; Parrish, 1994) but more recent analysis re-
vealed that they probably were omnivorous (e.g., Small, 
2002). Aetosaurs were discovered in the Late Triassic de-
posits of North America (Chinle Group, e.g., Heckert et al., 
1999), Greenland (Fleming Formation, e.g., Jenkins et al., 
1994), South America (Ischigualasto Formation, e.g., Desojo 
and Ezcurra, 2011; Los Colorados Formation, e.g., Desojo 
and Báez, 2005), Africa (Zarzaitine Series, e.g., Heckert 
and Lucas, 1999), India (Maleri Formation; e.g., Heckert 
et al., 2007) and Europe (Calcare di Zorzino Formation, 
e.g., Heckert and Lucas, 2000; Lossiemouth Sandstone, 
e.g., Walker, 1961; Löwenstein Formation, e.g., Schoch and 
Desojo, 2016), including at Krasiejów in southern Poland 

(e.g., Dzik et al., 2000; Dzik and Sulej, 2007). On the ba-
sis of cranial material collected by the Polish Academy of 
Sciences, a new species was described from the Krasiejów 
locality (Stagonolepis olenkae Sulej, 2010). However, its 
synonymy with S. robertsoni Agassiz, 1844 and wide, in-
dividual variation also was considered on the grounds of 
other cranial material, collected by the University of Opole 
(Antczak, 2016). Postcranial material reveals no distinct 
differences (Lucas et al., 2007) from the Scottish material 
(Lossiemouth Sandstone, Elgin area). The recent phyloge-
netic analysis does not give any certain answers (Parker, 
2016, 2018). Later, a forelimb also was assigned to the new 
species S. olenkae (Dróżdż, 2018).

Therefore, the taxonomy of aetosaurs from the Krasiejów 
site is still unclear. The debate about cranial features makes 
assigning postcranial material to a new species controver-
sial. The description of an aetosaurian pes below is a con-
tribution to the general discussion about the validity of the 
taxonomical classification of isolated, postcranial bones of 
fossil animals.

MATERIALS AND METHODS
The material analyzed was discovered at the Late Triassic 

site at Krasiejów, Poland. Fine-grained sedimentary rocks 
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(mudstones and claystones with sandstone and limestone 
intercalations) are exposed there in a post-mining outcrop 
(Fig. 1). At the Krasiejów site, two bone-bearing horizons 
occur (Dzik et al., 2000; Dzik and Sulej, 2007; Gruszka and 
Zieliński, 2008; Bodzioch and Kowal-Linka, 2012; Szulc  
et al., 2015a, b). The age of the deposits, previously regard-
ed Carnian on the grounds of the occurrence and evolution 
of vertebrates (e.g., Dzik and Sulej, 2007), which is sup-
ported by vertebrate biostratigraphy (Lucas, 2015), is now 
considered to be Norian (Szulc et al., 2015a, b), on the basis 
of the complex litho-, bio-, chemo- and climatostratigraphy.

The specimen has some elements of the right pes (autopo-
dium) of an aetosaur, which is deposited in the collection of 
the University of Opole (Tab. 1; Appendix 1). Specimens 
were recognized as representing aetosaurs on the basis of 
general morphology and from comparison with other skeletal 
elements from Krasiejów that were found in association with 
osteoderms or long bones, like the specimens of forelimbs 
presented by Dróżdż (2018) and the hindlimb presented by 
Walker (1961). The material was found articulated, there-
fore it belongs to one individual. The articulated bones were 
found in the lower bone-bearing horizon of the Krasiejów 
site, like most of the other aetosaur remains at that locali-
ty. The hindlimb analyzed lacks the femur, tibia and fibula  
(Fig. 2). The tarsus, metatarsus and phalanges are incomplete 

(Appendix 2), lacking several bones; this justifies compar-
ison with known appendicular remains of aetosaurs from 
other sites.

The bones after excavation were still partially covered by 
sediment. They were prepared using sculptural chisels and 
a hand grinder.

DESCRIPTION
In the tarsus, only the astragalus is complete (Fig. 2B). 

The calcaneus is preserved in eight very poorly preserved 
fragments; the other distal tarsals were not found. The astra-
galus is massive, which indicates that the animal was sexu-
ally mature and large (Heckert et al., 2003). The bone pos-
sesses a very large, round, convex, distal roller and a much 
smaller, anterior hollow. The medial tibia articulation sur-
face is also large. The posterior groove is relatively small. 
Between the groove and the medial tibia articulation sur-
face, a relatively small, shallow, astragalar fossa is located. 

In the foot, four of the five metatarsals are preserved 
(metatarsals I, II, III and IV; Fig. 2). All bones are propor-
tionally wide and robust; the proximal end is wider than 
the distal end, differing in the length and twist of the shaft. 
Metatarsal I is the shortest bone, with the widest distal and 
proximal ends. Metatarsal II is the longest foot bone, and 

Fig. 1. Setting of the aetosaurian hindlimb described. A. Geographical. B. Geological (after Bodzioch and Kowal-Linka, 2012). 
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together with the slightly shorter metatarsal III does not 
have a collateral fossa at the distal end. Metatarsal IV is the 
most massive of the metatarsals. It has the thickest shaft and 
one collateral fossa on the left side of the distal end. 

The specimen contains twelve phalanges (Fig. 2B), in-
cluding three ungual phalanges. Only one ungual phalanx 
is incomplete. The phalanges, except for the ungual pha-
langes, are wide, fairly massive, relatively flat and much 
shorter than any metatarsal. Some of them show twisting of 
the axis. The unguals are curved, large and laterally com-
pressed, reminiscent of those found in predators. All have 
grooves for blood vessels, analogical to those described by 
Martz (2002). The complete ungual phalanges have sharp tips. 

The phalangeal formula, including the ungual phalanges, 
is 2-3-4-5-?; for the fifth finger, the values 2/3/4 are possible. 

DISCUSSION
The pes described may be discussed in the terms of its 

taxonomical position, size, adaptations, and general con-
cepts of the taxonomy of isolated, postcranial bones.

Taxonomy

There are large gaps in the fossil material of other ae-
tosaur taxa available for comparison, which makes it im-
possible to compare each bone with every taxon (Tab. 2). 
In general, the pes described is similar to many genera 
of aetosaurs, described by Walker (1961), Casamiquela 
(1967), Martz (2002), Heckert et al. (2003, 2010), Desojo 
and Baéz (2005), Schoch (2007), Desojo et al. (2012), and 

Roberto-da-Silva et al. (2014). Because of the poor state of 
preservation of the calcaneus, it is not possible to identify its 
basic differences and similarities with respect to other taxa. 
The astragalus, metatarsals and phalanges can be compared 
to material known from other sites.

The astragalus is a very massive and fairly typical pseu-
dosuchian crocodile-normal bone, in that the peg artic-
ulates with the calcaneum (Fig. 2), for example, as in the 
case of Typothorax (Martz, 2002), Gracilisuchus (Lecuona 
and Desojo, 2011) and Postosuchus (Weinbaum, 2013). 
The overall shape of the bone slightly differs from those of 
all known aetosaurian genera, being more rounded than in 
Aetosaurus, Polesinesuchus, and Typothorax (Martz, 2002; 
Lucas et al., 2002; Schoch, 2007; Roberto-da-Silva et al., 
2014).

In the material described here, the peg is upturned to-
wards the fibular facet in the posterior view, whereas in 
Typothorax, Polesinesuchus, and Desmatosuchus, the as-
tragalus peg is parallel to this structure. The distal roller 
is relatively large and its shape is more semicircular, as in 
Desmatosuchus, in contrast to Aetosaurus, Polesinesuchus 
and Typothorax (Lucas et al., 2002; Martz, 2002; Heckert et 
al., 2003; Schoch, 2007; Roberto-da-Silva et al., 2014). The 
anterior hollow has a proportionally smaller area than in 
Aetosaurus, Typothorax and Desmatosuchus (Lucas et al., 
2002; Martz, 2002; Heckert et al., 2003; Schoch, 2007). The 
astragalar fossa in Desmatosuchus and Typothorax is deeper 
and located relatively higher in the posterior view (Martz, 
2002; Heckert et al., 2003). 

The metatarsal bones, in terms of proportions and mor-
phology, more closely resemble Stagonolepis robertsoni 

Table 1 

Measurements in millimetres (mm) of the hind limb (all comprising the maximum preserved measurement). * incomplete

Bone Anteroposterior 
length 

Transverse 
width 

Dorsoventral 
height Length Proximal 

width 
Distal 
width 

Maximal transverse 
height 

Astragalus 33 76 73     

Metatarsal I    80 54 33 19

Metatarsal II    105 46 28 20

Metatarsal III    104 44 22 17

Metatarsal IV    93 44 30 24

Pedal phalanx I-1    34 29 22 19

Pedal phalanx I-2    50 15  20

Pedal phalanx II-1    43 29 27 22

Pedal phalanx II-2    32 26 22 17

Pedal phalanx II-3    33 14  15

Pedal phalanx III-1    28 22 19 20

Pedal phalanx III-2    19 20 17 13

Pedal phalanx III-4    *27 17  19

Pedal phalanx IV-1    36 28 23 23

Pedal phalanx IV-2    24 21 21 17

Pedal phalanx IV-3    19 18 17 14

Pedal phalanx IV-4    12 11 11 8
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Fig. 2. The aetosaurian hindlimb described. A. Schematic drawing of the whole hindlimb (missing bones marked in grey; after Desojo 
and Baez, 2005; Schoch, 2007, modified). B. Illustration of the analyzed specimen in dorsal view. Abbreviations: as – astragalus; mt – 
metatarsal; p – pedal phalanx.

bones (Walker, 1961) than other aetosaur species. However 
metatarsals II, III and IV of Stagonolepis are progressively 
more slender, while in the material described they are not. 
As in S. robertsoni (Walker, 1961), the metatarsal bones are 
massive. The bones have relatively wider proximal ends than 
those of Aetosauorides (Casamiquela, 1967), Aetosaurus 
and Aetobarbakinoides (Desojo et al., 2012). The distal 
ends are wider than in Polesinesuchus, yet narrower than 
in Typothorax (Martz, 2002). Metatarsals II and III in the 
material described are similar in size, although metatarsal 
IV is shorter (Tab. 1); in Aetosaurus ferratus (Schoch, 2007) 
and Aetosauorides scagliai (Casamiquela, 1967); meta-
tarsals III and IV are almost the same length. Metatarsal 
III of Aetosaurus, Aetobarbakinoides (Desojo et al.,  

2012), Aetosauroides (Casamiquela, 1967; Schoch, 2007) 
and Neoaetosauroides (Desojo et al., 2012) is longer and 
slimmer than metatarsal II, while in the material described, 
it is not. In Typothorax, metatarsal III is explicitly the longest 
one (Heckert et al., 2010; Lucas and Heckert, 2011).

There are only two complete digits (I and II) in the materi-
al described. As in other known genera, digit II is longer and 
has more phalanges than digit I (e.g., Walker, 1961; Desojo 
and Baez, 2005; Schoch, 2007; Heckert et al., 2010). All 
the phalanges are shorter than the metatarsals, each more 
distant phalanx is shorter and narrower than the more prox-
imal, except for the unguals (Fig. 2). Digits I and II have 
the most massive phalanges. The unguals are proportional-
ly large, curved and sharp, as in Typothorax (Martz, 2002; 
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Heckert et al., 2010). The probable phalangeal formula of 
the specimen is greater than the minimum proposed for 
Typothorax (2-3-3?-4?-3?; Heckert et al., 2010). It could 
be 2-3-4-5-2 as in Neoaetosauroides (Desojo and Baez, 
2005), 2-3-4-5-3 like the probable formula of Aetosaurus 
ferratus (Schoch, 2007), or 2-3-4-5-4 like the formula of 
Stagonolepis (Walker, 1961). 

For the pes presented, it is difficult to identify the spe-
cies (or even the genus), owing to the similarities of these 
bones to those of various genera, e.g., astragalus is similar 
to Desmatosuchus, Stagonolepis, and Typothorax. The lack 
of any osteoderms associated with the specimen increas-
es the difficulty of identification of taxa. The bones of the 
specimen show most similarities to Stagonolepis robertsoni 
(Walker, 1961) and Typothorax coccinarum (Martz, 2002; 
Heckert et al., 2003, 2010; Lucas and Heckert, 2011). 

Pes size

The pes described is larger than the pedes of Aetosaurus 
ferratus, Stagonolepis robertsoni (Walker, 1961), 
Aetosauorides scagliai (Casamiquela, 1967), Typothorax 
coccinarum (Martz, 2002; Heckert et al., 2010; Lucas and 
Heckert, 2011), Aetobarbakinoides brasiliensis (Desojo  
et al., 2012) and Polesinesuchus aurelioi (Roberto-da-Silva 
et al., 2014).

The length of Polesinesuchus aurelioi metatarsal III 
(Roberto-da-Silva et al., 2014) is only 31% that of the spec-
imen presented here. Furthermore, the length of the metatar-
sals of Aetobarbakinoides brasiliensis (Desojo et al., 2012) 
is consecutively smaller (metatarsal I) 35%, (m. II) 42%, 
(m. III) 48% and (m. IV) 39% of the lengths of the specimen 
bones. In the Typothorax coccinarum, described by Martz 
(2002), the only complete metatarsal (probably II, III, or 
IV) is about two times shorter than the metatarsals of the 
specimen examined. The length of MCZ 1488 bones (left 
pes of Typothorax coccinarum; Lucas and Heckert, 2011) is 
between 50% and 83% of the length of the new pes material 
from Krasiejów. The metatarsals of the specimen presented 
here are on average 37% longer than those of T. coccinar-
um, described by Heckert et al. (2010), and the phalanges 

are on average 34% longer. The length of the metatarsals 
of Aetosauorides scagliai (Casamiquela, 1967), represents 
52–62% of the length of analogous bones in the specimen 
discussed. Metatarsal III of the pes described is 31% longer 
than in the large individual of Stagonolepis robertsoni de-
scribed by Walker (1961). 

Adaptation of the pes

Like Heckert et al. (2010) earlier, the authors exam-
ined the specimen in the context of adaptation for digging. 
Unfortunately, most of the features previously related to this 
subject (e.g., Hildebrand 1974, 1983; Benton 1983; Coombs 
1983), mentioned as a characteristic of digging animals, 
cannot be examined in the specimen described here. Some 
of the adaptations for digging are seen in the morphology 
of unguals (see earlier descriptions; Fig. 1), and proximal 
phalanges, which are relatively short and wide. All the toes, 
especially the second one, are relatively large. Furthermore, 
the metatarsals are massive and strong, and the bones are 
stocky. This is somewhat less typical of digging animals in 
comparison to Typothorax coccinarum. However, this com-
parison is incomplete, because T. coccinarum is known from 
a nearly complete skeleton (Heckert et al., 2010). Also, no 
biomechanical studies were made. The assumptions were 
made on the basis of morphology.

Remarks on taxonomy of isolated postcranial bones  
in palaeontology

From the beginning of the history of palaeontology, the 
incompleteness of remains caused many scientific errors. 
For example, the first description of the genus Iguanodon 
(Mantell, 1825) was made on the basis of a few teeth (Paul, 
2007). It was reconstructed as a huge, crawling lizard 
(Górnicki, 2017). Taxonomic designations of individual, 
postcranial, skeletal bones may be very far from the truth, 
as with the discovery of the claws of the theropod dinosaur 
Therizinosaurus, which was first considered to be a huge 
turtle (Maleev, 1954). Even when more complete skeletons 
were found, represented by elements that did not overlap, 

Table 2

 Similarities (v) and differences (x) between the UOPB specimen described and known aetosaur genera

Element Stagono-
lepis

Desmato-
suchus

Aetosauro-
ides

Neoaeto-
sauroides Aetosaurus Typothorax Paratypo-

thorax
Polesine-

suchus
Aetobarba-

kinoides
Astragalus 
peg x v/x x

Astragalus 
distal roler v x x x

Astragalus 
fossa x x

Metatarsals v x x x x x x

Digits v
phalangeal 
formula v v v v
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the wrong taxonomic conclusions were made, as in the case 
of a Triassic archosaur skull of Shuvosaurus inexpectatus 
Chatterjee, 1993 and the postcranial bones of the same 
taxon, named Chatterjeea elegans Long and Murry, 1995 
(Lucas et al., 2007), or Opisthocoelicaudia known mostly 
from postcrania and Nemegtosaurusmeinly known from cra-
nial material, which is the reason for discussing sauropod 
taxonomy in the Upper Cretaceous Nemegt Formation of 
Mongolia today (Averianov and Lopatin, 2019). 

Unfortunately, the vast majority of fossil vertebrates are 
not known from 100% complete skeletons. Thus, the possi-
bility of comparing and correctly classifying single bones 
or incomplete skeletal fragments is significantly reduced. 
Moreover, most of fossil vertebrate systematics are based 
on many diagnostic characters of craniodental fossils (Davis 
and McHorse, 2013). This contributes to the fact that dif-
ferent phylogenic trees are formed, when craniodental and 
postcranial characters are considered singly (Mounce et al., 
2016). Going further, the hominid fossil record showed that 
the cranial and postcranial skeleton can evolve in different 
steps through time (McHenry and Brown, 2008). It should 
not to be overlooked that convergence in the body plans of 
animals from different groups may occur. Therefore, it is not 
surprising that even in the case of modern animals, there are 
difficulties in distinguishing postcranial bones. An example 
of such challenges in zooarchaeology is the bones of sheep 
and goats (Salvagno and Albarella, 2017). In palaeontology, 
this problem is much larger. 

The present authors argue here that, in cases of incom-
plete finds, similar to the pes aetosaur specimen, one should 
make the most accurate palaeontological documentation, 
however cautious and limited the classification. A fine ex-
ample illustrating this problem is Maraapunisaurus fragil-
limus Cope, 1878 (Carpenter, 2018). The specimen was a 
single, incomplete, sauropod vertebra (Carpenter, 2018). 
Unfortunately, sauropods were animals that had many verte-
brae and their skeletons often are incomplete (Sander et al., 
2011). In addition, the various types of vertebrae (cervical, 
dorsal, sacral or caudal) differ from each other. There are 
also ontogenetic and intraspecific varieties. Therefore, the 
authors think that in such a case, a description of the species, 
the whole taxonomy, and phylogeny, etc., should not be cre-
ated immediately. Such works create confusion in taxonomy 
and a large and unnecessary amount of invalid taxa. On the 
other hand, assigning postcranial bones to an already known 
species may indirectly create a chimera. If we attribute 
every such aetosaur specimen from the Krasiejów “Trias” 
site to the species Stagonolepis robertsoni or S. olenkae, 
indirectly we create a chimera and related taxonomic prob-
lems. Such an approach also causes some taxa to become 
a “taxonomic grab-bag”, e.g., the genus Iguanodon (Paul, 
2007). For these reasons, before creating a new species, it is 
necessary to consider sexual dimorphism, ontogeny and in-
dividual variation, taking into account such examples as the 
pachycephalosaurids (Stokstad, 2007). On the other hand, 
attributing a priori the taxonomical affiliation of postcranial 
material to species known only from cranial material may 
also be valid and should be left without specifying a genus 
and a species, until there is a more nearly complete speci-
men for comparison.

CONCLUSIONS

On the basis of the current state of the quantity and 
completeness of aetosaur specimens, the authors leave 
the pes unclassified to any genus and species of aeto-
saur. The pes possesses some unique features, similar to 
those of Desmatosuchus (distal roller of astragalus), and 
Typothorax (unguals). Accordingly, it cannot be described 
as Stagonolepis, the remains of which are undoubtedly 
abundant at the site. However, the specimen also possesses 
some features similar to those of Stagonolepis (metatarsal 
bones). It is also uncertain that the specimen could be de-
scribed as a different species or genus.

The specimen is interesting in terms of its size. The bones 
are larger than the corresponding bones of other aetosaurs, 
known from the literature. The entire animal could have 
measured more than three metres in length. 

No new, ecological adaptations of the hindlimb were 
found. The limb anatomy indicates adaptation for digging.
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Appendix 1

Referred material collection numbers

Hindlimb fragment Collection number 
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