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about 110 mm, body 53 mm, beak 112 mm (Tab. 1). The 
beak is nearly straight with a pointed end, the pedicle is 
slightly curved. No tendrils are preserved at the end of the 
beak. Although completely preserved on one plate the end 
of the pedicle is not clearly visible (Fig. 4a), as seems to 
be usual in the genus (CROOKALL 1932: 129). The maximal 
thickness of the body including the collarettes is 39 mm. 
While the beak has a thickness of 25 mm at its base, the 
basal thickness of the pedicle is only 19 mm depending on 
the constriction at the body/pedicle transition. There are 
six bands 7 to 8 mm wide surrounding the body in a clock-
wise direction. On the beak they run in the direction of 
the longitudinal axis of the capsule, before making a turn 
of 300° on the body and than returning to a longitudinal 
trajectory on the pedicle. The angle of the ridges with the 
cross axis is 40° in the middle of the body (Fig. 3a). The 
fl anges or collarettes are 2 mm wide (Fig. 5). They are pre-
served along all of the ridges and are bent at both sides of 
the capsule where they turn to the back side. This means 
that these structures are defi nitely not opened respirator 
slits (ZIDEK 1976). The collarettes show some faint longi-
tudinal striation, while the bands lack any obvious struc-
ture (Fig. 5).

D i s c u s s i o n . – All Palaeozoic specimens of Pa-
laeoxyris are characterised by a twisted pedicle, while in 
nearly all Mesozoic specimens the pedicle is not twisted 
(FISCHER et al. 2008, FISCHER & KOGAN 2008). Only one 
specimen from the Lower Barremian lithographic lime-
stone of Lerida (Sierra del Montsec, Spain) seems to have 
a twisted pedicle (SAUVAGE 1903, see also DEAN 1906, fi g. 
13). As the new specimen has no twisted pedicle it needs 
only to be compared with Mesozoic species.

The types of the type species P. regularis  BRONGNIART, 
1828, as fi gured by the author and reproduced in  CROOKALL 
(1930, pl. 5, fi g. 4) and FISCHER & KOGAN (2008, fi g. 1), 
have a body 35 to 40 mm in length and 13 mm in width 
(CROOKALL 1930). The angle of the ridges is 60° (CROOK-
ALL 1930, MÜLLER 1978). Four to fi ve segments are visi-
ble (MÜLLER 1978, FISCHER et al. 2010: four bands). The 
two type specimens are quite different from the specimens 
which GALL collected from the same area and horizon. His 
biggest specimen (GALL 1971, pl. 25, fi g. 1), a complete 
capsule, has a total length of 180 mm and a body length 
of 40 mm. There seems to be wide variation in size, as 
the smallest capsules have a length of only 60 mm and a 
width of 10 mm (GALL 1971). It is not clear whether differ-
ent size classes exist giving rise to discontinuous variation 

Fig. 5. Palaeoxyris friessi n. sp., holotype; Hauptsandstein, Lower Keuper, Ladinian; Ilsfeld; SMNS 95447. – a. Enlarged view from 
the left side of the body showing the collarettes from the front side crossing those of the back. b. The body, the middle section of the 
capsule. c. Enlarged view from the right side of the body showing the clearly striated collarettes.
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or whether capsules show continuous variation. The cap-
sule of P. regularis consists of six bands, and eight seg-
ments are visible. The angle of the ridges is only 30° in the 
middle of the body. If the drawing of BRONGNIART (1828) 
is correct, the specimens described by GALL (1971) would 
represent a different species. In any case, both differ from 
P. friessi n. sp. in their smaller size, the angle of the ridg-
es (either bigger or smaller), and the number of sections. 
Furthermore the beak is shorter than the pedicle, whereas 
in the new species both are of almost the same length, and 
the beak is shorter in relation to the body (Tab. 1).

P. becksmanni (ORTLAM, 1967), known by only one 
specimen from the Anisian Upper Buntsandstein of Rot-
felden (northern Schwarzwald; Fig. 1), has a body length 
of ca. 15 mm and consists of only four bands. The an-
gle of the ridges is 30° (ORTLAM 1967 mentioned 60°, but 
he measured the angle with the longitudinal axis). This 
is the only specimen known so far to be embedded up-
right in sandstone. This might mean that it is somewhat 
compressed in longitudinal direction which could have re-
duced the angle. The drawing given by ORTLAM (1967, fi g. 
15) seems to be somewhat schematic. It shows a symmet-
rical capsule in which it is unclear as to which end is the 
beak or the pedicle. On the fossil (ORTLAM 1967, pl. 46, 
fi g. 6) only the beak is well preserved. This structure is 
the lower end with four ridges in ORTLAM’s drawing. The 
other end is somewhat obscure in the fossil and shown in 
the drawing with six ridges. Also, the body seems to have 
too many ridges in the drawing, as compared to the actual 
specimen. ORTLAM (1967) introduced the new genus Tria-
socapsula for this specimen, but differences between this 
and other species of Palaeoxyris are of only minor impor-
tance. P. becksmanni differs from P. friessi n. sp. in its 
smaller size and the smaller number of bands.

P. muensteri PRESL, 1838 is known from the Hettangian, 
Lower Jurassic of Franconia and the Rhaetian of Tübingen 
and southern Sweden (Figs. 1, 6–8). The dimensions of 
the body are the subject of some difference of opinion. A 
length of 38 to 89 mm is given by FRENTZEN (1932b) and 
FISCHER et al. (2010), as opposed to the 3 to 4 cm suggest-
ed by CROOKALL (1930) and ca. 4 cm by MÜLLER (1978). 
These differences have their source in a block of Rhaetian 
Sandstone (Tübingen Sandstone) from Waldhausen near 

Tübingen (the original of QUENSTEDT (1867), housed in Tü-
bingen (GPIT)). This block (dimensions ca. 11 × 8 × 10 cm) 
contains at least 14 capsules. A second, smaller block con-
taining the remains of at least ten capsules is present in the 
Stuttgart collection (SMNS 89791), and probably belongs 
together with the GPIT specimen as they were both found 
in the same area and purchased in 1869 from the same col-
lector (E. KOLB). The capsules in Tübingen belong to two 
size classes. There are 12 smaller capsules, one or two of 
which are probably the originals of QUENSTEDT’s somewhat 
idealised drawings, and two bigger ones. The smaller cap-
sules have bodies of ca. 35 mm in length and 16–18 mm in 
width (the biggest diameter measured parallel to the bed-
ding plane), the longest preserved length of a somewhat in-
complete capsule is 97 mm. This is the normal size range 
for P. muensteri, and also for compressed specimens from 
the Hettangian of Franconia. The complete specimens fi g-
ured by SCHENK (1867) and ENGELS & UNGER (1998) each 
have a total length of 120 mm. The types fi gured by PRESL 
(1838) are incomplete but seem to be approximately of 
the same length. The capsules consist of six bands which 
can be clearly discerned at the cross-sections of the beaks 
and peduncles. CROOKALL (1930) counted eight ribs. This 
does not equal the number of bands but is the number of 
sections of ribs visible on one side. This means that the 
number of the bands given by FRENTZEN (1932b), MÜLLER 
(1978) and FISCHER et al. (2010) for P. muensteri is too high 
and the number of four suggested by FISCHER et al. (2010) 
is too low. The angle of the ridges is 30–40° (CROOKALL 
1930; MÜLLER 1978: 30°). The width of the collarettes can 
be measured as 1 mm in the three-dimensional specimens 
from the Rhaetian of Tübingen. This species differs from 
P. friessi n. sp. in its smaller size and the in relation to the 
body much shorter beak (Tab. 1).

P. quenstedti SCHIMPER, 1870–1872 a name intro-
duced for the specimen fi gured by QUENSTEDT (1867) from 
the  Rhaetian of Waldhausen near Tübingen (Figs. 1, 7); 
 QUENSTEDT did not give a species name for his material. 
The fi gure of SCHIMPER (1874, pl. 80, fi g. 3, reproduced in 
SCHMIDT 1928, fi g. 3) is copied from QUENSTEDT (1867, pl. 
82, fi g. 9) but published in reverse as a mirror-inverted (note 
the twisting to the left). As suggested by  CROOKALL (1930) 
the species represents a junior synonym of P. muensteri.

Length of P. friessi n. sp. P. regularis P. muensteri P. muelleri
beak 112 mm 41 % 211 % 55 mm 31 % 137 % 25 mm 21 % 68 % 17 mm 23 % 74 %
body 53 mm 19 % 100 % 40 mm 22 % 100 % 37 mm 31 % 100 % 23 mm 30 % 100 %
pedicle 110 mm 40 % 208 % 85 mm 47 % 212 % 58 mm 48 % 156 % 35 mm 47 % 152 %
total 275 mm 100 % 180 mm 100 % 120 mm 100 % 75 mm 100 %

Tab. 1. Measurements of Palaeoxyris friessi n. sp. in comparison with other completely preserved Triassic species. The measure-
ments are taken from: P. friesii n. sp.: holotype; P. regularis: GALL 1971, pl. 25, fi g. 1; P. muensteri: ENGELS & UNGER 1998, fi g. p. 
216; P. muelleri: types in SMNS, P.1066.
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The two bigger capsules which are embedded together 
with P. muensteri in the same block in the Tübingen col-
lection are preserved only as incomplete bodies. The pre-
served lengths are 78 and 108 mm and the diameters are 32 
and 35 mm. A diameter of 14 lines (= 40.1 mm) is the only 
measurement given by QUENSTEDT (1867) in his description 
of both sets of specimens (a Württembergian line in 1867 
equals 2.865 mm). FRENTZEN (1932b) obviously lumped to-
gether both size classes, giving a body width measurement 
ranging from 10 to 30 mm. The two forms are clearly dif-
ferentiated by their size, however, and there are no inter-
mediate forms. Thus, QUENSTEDT gave fi gures of P. muen-
steri but the body diameter for a different species. These 
fragmentary bodies are of similar size to P. friessi n. sp., 
but their incompleteness makes confi dent comparison dif-
fi cult. MÜLLER (1978) gave a band (= segment) number of 
eight to nine, which could be correct, but is diffi cult to dis-
cern. The specimen might be identical with P. ventrico-
sum (SCHIMPER, 1870–1872) from the “grès infraliasique” 
of the area of Autun, France (Fig. 1), which also seems to 
have a high number (10?) of bands (SCHIMPER 1874, pl. 80, 
fi g. 4). Its preservation is nearly identical to the Tübingen 
specimens, as both beak and pedicle are missing. Besides 
the number of bands there is one clear difference to the 
new species: the collarettes have a width of 6 mm, where-
as P. friessi n. sp. has collarettes only 2 mm wide.

P. muelleri FRENTZEN, 1932 known from around 13 
specimens in one sandstone block from the Rhaetian near 
Waldenbuch between Tübingen and Stuttgart (Fig. 1) is 
clearly different from all other Triassic species (FRENTZEN 
1932b; SMNS P.1066). The complete length might be 
around 75 mm, the length of the body 20–25 mm (Tab. 1), 
and its width 11 mm. As in P. muensteri the beak (17 mm) 
is shorter than the body and is about half the length of 
the pedicle (35 mm). The capsule is build of four bands 
which make a turn of only 180°. FRENTZEN (1932b) count-
ed three “Spiralrippen” (spiral ribs), but their number is 
not identical with the number of bands. As the section of 
the capsule is quadrangular (“viereckig”, FRENTZEN 1932b) 
it is clear that the capsule consists of four bands, not three 
(FISCHER et al. 2010). The angle of the ridges is ca. 55°. The 
width of the collarettes is ca. 2 mm at the beak. This spe-
cies is clearly different from P. friessi n. sp. in the smaller 
number of bands, smaller size, and in relation to the body 
shorter beak (Tab. 1).

P. humblei FISCHER et al., 2010 from the Norian of Ar-
izona is one of the smallest known species with a body 
length of up to 13 mm (FISCHER et al. 2010) whereas the 
new specimen is one of the largest, clearly separating the 
species.

P. duni CROOKALL, 1930 from the Anisian of Austral-
ia is similar in size (complete length unknown), identical 
in angle of the ridges and band number to the new species 
(DUN 1912). CROOKALL (1930) gave a segment number of 

eight (in the table) and 9 (in the text), but this is not iden-
tical with the number of bands (MÜLLER 1978: 8 Bänder), 
which is six. The fi gure given by DUN (1912) also shows 
that the collarettes seem to be identical in width with those 
of P. friessi n. sp. Body proportions differ between the two 
species, however. P. duni is longer and narrower (86 mm 
long, 27 mm wide = 1 : 0.31) than the new species (53 mm 
long, 39 mm wide = 1 : 0.74). The result is that the bands 
take a longer path around the body – more than one and a 
half turn as opposed to less than one turn in the new spe-
cies. Thus, on the front side, eight segments are visible as 
compared to six in P. friessi n. sp. This is the main differ-
ence between the two species.

In addition to these Triassic species four further Mes-
ozoic species have been named: Palaeoxyris sino-coreana 
(SZE, 1954), P. taurica CHABAKOV, 1949, P. jugleri (VON ET-
TINGSHAUSEN, 1852), and P. versabunda VIALOV, 1984.

P. sino-coreana from the Early(?) Jurassic of 
Pyongyang, North Korea, and Lingwu, Northwestern Chi-
na is smaller in size and has broader collarettes than P. 
friessi n. sp. (KAWASAKI 1925, SZE 1954). From both occur-
rences only impressions of the capsules are known show-
ing some similarities with P. jugleri fi gured by NATHORST 
(1879, pl. 7).

P. taurica from the Middle Jurassic (Bajocian-Batho-
nian) of Crimea (Ukraine) known by one three-dimen-
sionally preserved body is somewhat smaller than P. fries-
si n. sp. (CHABAKOV 1949). As pedicle and beak are missing 
it is hardly to compare.

P. jugleri from the Early Cretaceous Wealden (Ber-
riasian) of northern Germany and southern England 
(VON  ETTINGSHAUSEN 1852, CROOKALL 1930) is clearly dis-
tinguished from the new specimen. The pedicle is up to 
twice as long as the beak (CROOKALL 1930) (new one: near-
ly equal in length). Although the capsule is smaller the 
collarettes are much wider than in P. friessi n. sp.

P. versabunda from the Late Cretaceous of the Aral 
area is incompletely known (VIALOV 1984). The three-di-
mensionally preserved bodies of the two known capsules 
are similar in size to P. friessi n. sp., but the ribs are quite 
different to all other Mesozoic species. They are very 
prominent, broad and with a rounded apex.

With a length of 27 cm P. friessi n. sp. is longer than 
any other completely preserved Palaeoxyris species. It is 
also longer than the spirally twisted egg capsules of the ex-
tant Heterodontus portusjacksoni, the biggest species of 
Heterodontus reaching a length of up to 1.65 m ( COMPAGNO 
1984). Its egg capsules are up to 17 cm long (SPRINGER & 
GOLD 1989), but they lack the long pedicles and beaks 
which make 80 % of the total length in P. friessi n. sp. On 
the other hand, a chimaeroid egg capsule is known from 
the Upper Jurassic with a length of 40 cm (FRICKHINGER 
1994). It probably derives from a species of Ischyodus at-
taining a length of at least 1.5 m (STAHL 1999). Accordingly 
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the remarkable length of P. friessi n. sp. does not disagree 
with its interpretation as a chondrichthyan egg capsule.

4. Nature and affi nities of the Palaeoxyris capsules
4.1. Nature of the capsules

Recently FISCHER & KOGAN (2008) gave a detailed over-
view of the research history of Palaeoxyris in the form of 
an annotated bibliography, where most of the relevant lit-
erature is cited. While initially thought to be of vegeta-
ble origin, since the end of the nineteenth century the fos-
sils have been associated with fi shes. In particular the egg 
capsules of Heterodontus (ZIDEK 1976) but also those of 
chimaeroids (Fig. 6; DEAN 1906, BROWN 1950) show some 

resemblance to Palaeoxyris. One could say Palaeoxyris 
is somewhat intermediate in character: it has the shape 
of a chimaeroid capsule (the central spindle shaped cav-
ity without their broad fl anges) which is twisted like the 
capsules of Heterodontus. One point of difference is the 
number of bands: chimaeroid capsules have, as in all oth-
er oviparous chondrichthyans, a dorsal and a ventral side, 
also the capsules of Heterodontus consists of only two 
sides (bands) which are twisted. Palaeoxyris consists of 
at least four bands. Nevertheless, today the interpretation 
as shark egg capsule is generally accepted. But it shall not 
be concealed that there exist some problems with this in-
terpretation.

Nearly all Palaeoxyris capsules, from the Carbonifer-
ous to the Cretaceous, a time span of around 250 million 
years, originate from brackish or fresh water deposits, of-
ten found together with plant remains or brackish water 
molluscs (CROOKALL 1932: 132). No shark teeth are gener-
ally found directly associated with the capsules, as is the 
case with the new specimen described here.

In the Triassic Germanic Basin all Palaeoxyris cap-
sules have been found in marginal marine deposits (Fig. 
2, 7). The Upper Buntsandstein is transitional between 
the fl uviatile Middle Buntsandstein and the marine Lower 
Muschelkalk. The Lower Keuper is transitional between 
the marine Upper Muschelkalk and the limnic Middle 
Keuper, and the Rhaetian Sandstone and the Hettangian 
Bayreuth Formation in Franconia are transitional between 
the fl uviatile upper Middle Keuper and the marine Lower 
Jurassic (SIMON 1999). All of these occurrences are inter-
preted as deltaic to prodeltaic deposits.

The Upper Buntsandstein was deposited in a deltaic 
system where rivers originating from the southwest fl owed 
into the sea, transgressing from a northeastern direction 
(Fig. 7; GALL & GRAUVOGEL-STAMM 1999). A diverse fauna 
and fl ora including bony fi shes and around hundred spec-
imens of Palaeoxyris regularis (GALL 1971) but no shark 
remain is known from the northern Vosges (GALL et al. 
1995). AGASSIZ (1839) described a tooth of Acrodus brau-
nii AGASSIZ, 1839 from the Buntsandstein of Zweibrücken 
in Rheinland-Pfalz but the specimen probably comes from 
the marine Muschelsandstein (Udelfangen Formation) of 
the Lower Muschelkalk (FRENTZEN 1932a: 538, HAGDORN 
& SIMON 2005, SCHINDLER et al. 2009). The only shark re-
main from the Upper Buntsandstein is a small fi nspine 
from Waldshut (Fig. 1) in the southernmost part of the 
Black Forest (SMNS 95115), found together with remains 
of terrestrial and marine tetrapods (WILD 1998), demon-
strating that sharks moved upstream together with notho-
saurs far to the south.

In the Lower Keuper the situation is reversed. The 
Hauptsandstein was deposited by river systems which 
fl owed from the Fenno-Scandian High in the northeast 
into marine waters moving from the southwest through 

Fig. 6. Callorhynchus germanicus (BROWN, 1946), chimaeroid 
egg capsule; Upper Aalenian, Middle Jurassic; Heiningen, SW 
Germany. SMNS 5043.
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the Burgundian Gate (Fig. 7; BEUTLER & NITSCH 2005). 
Sharks lived in this transitional environment (see below) 
although no shark teeth have been found associated with 
Palaeoxyris friessi n. sp. The well preserved fl ora and the 
very sparse fauna point to a strongly reduced salinity.

In the Rhaetian rivers draining the Vindelician High 
fl owed into a sea transgressing from southwestern and 
northerly directions (Figs. 7, 8; Tübingen-Sandstein, con-
torta-Schichten; AEPLER 1974, CARLÉ 1974, BEUTLER & 
NITSCH 2005). No shark teeth have been found togeth-
er with the capsules but bone beds (Rhätbonebed) within 
and directly overlying the sandstone yield many shark re-
mains (see below).

In the Hettangian of Franconia a river from the same 
high area fl owed into the sea building a large delta (Figs. 
7, 9; MEYER & SCHMIDT-KALER 1992) depositing sediments 
rich in plant remains of the Bayreuth Formation (Güm-
belscher Sandstein) (BLOOS et al. 2005). Again no shark re-
mains are known from these deposits. KUHN (1956) men-
tioned Hybodus from Strullendorf near Bamberg, the type 
locality of Palaeoxyris muensteri, but he also mentioned 
teeth of Sargodon, a typical element of the Rhaetian fau-
na. It is unclear, therefore, whether these fi sh teeth are re-
ally Jurassic in age or if they have been redeposited from 
the Rhaetian as is the case in the Tübingen area (see be-
low). The Hettangian in general is very poor in fi sh re-

Fig. 7. Palaeogeographic maps of the central part of the Germanic Basin with occurrences of Palaeoxyris egg capsules (after  MADER 
1982, GALL & GRAUVOGEL-STAMM 1999, ZIEGLER 1982, BEUTLER & NITSCH 2005).

Fig. 8. Rhaetian palaeogeographic map of the area around Stutt-
gart and Tübingen with distribution of the deltaic Rhaetian 
Sandstone and Palaeoxyris occurrences (triangles) (palaeoge-
ography after CARLÉ 1974, AEPLER 1974).



134 PALAEODIVERSITY 3, 2010

mains (DELSATE et al. 2002), but a few shark teeth are 
known from marine horizons in southern Germany (see 
below).

No capsule has been found together with stenohaline 
marine organisms, although most, if not all hybodonts 
probably lived in marine environments. It is to be expected 
that at least a few species would have laid their eggs under 
euhaline conditions but no specimen of Palaeoxyris has 
yet been found in this situation. No extant shark species 
lays their eggs in fresh water and the few species adapt-
ed to live in brackish or even fresh water are viviparous 
(SCHULTZE & SOLER-GIJÓN 2004). Of the Triassic sharks, 
known from the euhaline Muschelkalk, most species can 
also be found in the brackish deposits of the Lower Keu-
per, albeit to a different extent. At least one as yet unde-
scribed hybodont species (cf. Polyacrodus keuperianus) 
and two species of problematic relationships (Doratodus 

tricuspidatus SCHMID, 1861, Steinbachodus estheriae REIF, 
1980) probably lived exclusively in brackish conditions. 
On the other hand, only one species lived exclusively in 
euhaline waters as its teeth are unknown from the Lower 
Keuper (except in the lowermost layers). This is the largest 
Middle Triassic shark Acrodus gaillardoti AGASSIZ, 1839, 
which obviously did not tolerate a lowering of the salin-
ity. Thus, several sharks lived in brackish estuaries and 
lakes and were probably able to lay their eggs within that 
environment or were able to swim even further upstream 
to deposit them in virtually freshwater conditions. Shark 
embryos need several months to more than a year to de-
velop (CARRIER et al. 2004) and numerous predators feed 
on those eggs. At salinities of between 5 and 10 ‰, spe-
cies diversity is at its lowest (REMANE & SCHLIEPER 1971) 
so the number of potential predators is also low. Therefore, 
it might have been advantageous to lay eggs in those envi-
ronments. This means that hybodonts were probably more 
adapted to brackish conditions than extant neoselachians 
and thus also their embryos were able to develop in those 
environments. The question remains as to why Palaeo-
xyris has never been found in deposits of euhaline waters.

In several cases, capsules have been found together in 
groups. Palaeozoic species are mostly preserved as single 
capsules; they are rarely found in pairs. In the Mesozoic up 
to 12 specimen clusters of P. jugleri (VON  ETTINGSHAUSEN 
1852) have been found in the Cretaceous (Berriasian), 
and up to 14 clusters in the Triassic (see above). Usual-
ly in these instances, individual capsules are arranged 
more or less parallel to each other, as fan-shaped clus-
ters or in whorls; they are rarely found not showing spe-
cial orientation. Whilst the unique capsular whorls of P. 
jugleri always have their beaks pointing toward the cen-
tre (CROOKALL 1932), in the Rhaetian P. muelleri the long-
er pedicles are directed along a common axis (FRENTZEN 
1932b). This is the only exception known to date, since the 
paired Palaeozoic capsules are in contact with their beaks 
( CROOKALL 1932), as is the case with P. duni from the Tri-
assic (DUN 1912). In the area of Bayreuth several speci-
men of P. muensteri have been found clustered in radially 
arranged whorls (WEBER 1968: 16). Most oviparous sharks 
deposit one egg at a time from each oviduct (single ovi-
parity, MUSICK & ELLIS 2005). Furthermore, eggs from the 
two oviducts are deposited on separate occasions (WATSON 
in CROOKALL 1932: 138). Extant chimaeroids usually lay a 
pair of eggs every seven to ten days ( DIDIER 2004). This 
seems to have been the case in the Palaeozoic, where egg 
capsules are mostly discovered as isolated fi nds. By con-
trast, Mesozoic eggs are often found close together in 
clutches. It seems to be diffi cult, if not completely impos-
sible for a single shark to deposit a dozen eggs in close 
juxtaposition to each other during a single egg-laying 
event. In Heterodontus japonicus, several females may lay 
their eggs at a single site, termed nests ( COMPAGNO 1984). 

Fig. 9. Hettangian palaeogeographic map of Bavaria with Palae-
oxyris occurrences (rhombs) (palaeogeography after MEYER & 
SCHMIDT-KALER 1992).
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A small number of scyliorhinid species retain their eggs 
(up to about ten) in the oviduct before deposition (multiple 
oviparity, MUSICK & ELLIS 2005). Thus, multiple oviparity 
or gregarious egg-laying cannot completely be ruled out as 
a means of explaining clutches of Mesozoic Palaeoxyris.

CROOKALL (1932: 125) referred to a notice of  NATHORST 
(1879), who pointed to a fi gure given by VON ETTINGS-
HAUSEN (1852) showing capsules of different sizes within 
one whorl. CROOKALL (1932) held that “this difference in 
size does not exceed the normal amount of variation found 
in these fossils, and therefore calls for no special explana-
tion.” The capsules belong to a single clutch, however, and 
eggs so different in size within one clutch laid by a single 
shark would be impossible. The size differences are prob-
ably a consequence of different states of preservation. The 
larger specimens have collarettes, which are very wide 
in P. jugleri, while the smaller ones lack these structures 
(VON ETTINGSHAUSEN 1852, pl. 2, fi g. 3).

The block from the Rhaetian Sandstone of Tübingen 
containing several capsules of two size classes raises the 
same question. In this case, however, the capsules are not 
arranged in a whorl but lie parallel to each other, and the 
two larger specimens are double the size of the smaller 
ones (P. sp. and P. muensteri, see above). Since it seems to 
be impossible for one female to lay eggs which are so dif-
ferent in size, this means that two shark species must have 
laid their eggs at exactly the same place. This is diffi cult to 
imagine, so maybe the capsules drifted together. Different 
sized capsules are reported to occur together in other spe-
cies of Palaeoxyris. CROOKALL (1932) gave measurements 
of the Carboniferous species, P. helicteroides (MORRIS, 
1840), with body lengths ranging from 27 to 60 mm and 
widths from 7 to 38 mm – a similar size range to those of 
the Triassic P. regularis (GALL 1971). This is much great-
er variability than that known from extant shark species 
and it is diffi cult to believe that one species could have 
produced eggs of such different sizes in the same environ-
ment (see also WATTS in MOYSEY 1910). It would be sen-
sible to check if these capsules really belong to one spe-
cies as, in the Rhaetian, three species co-occur in the same 
area (see above).

In spite of these differences to the reproductive biolo-
gy of extant neoselachians, and in the absence of any other 
suggestions, Palaeoxyris is taken to be the fossil egg cap-
sule of a shark.

4.2. Affi nities of the Palaeoxyris capsules

To which chondrichthyan species might the Triassic 
egg capsules belong? A holocephalian affi nity for Palaeo-
xyris has been refuted by ZIDEK (1976). Although subse-
quently supported by MCGHEE (1982), this hypothesis can 
be ruled out as Triassic holocephalians are known only 

from the Rhaetian (STAHL 1999). Furthermore, chimaeroid 
egg capsules with a closely similar morphology to those 
of extant species are known from the Middle and Upper 
Jurassic (Fig. 6; DEAN 1906, FRICKHINGER 1991); they are 
not twisted. With the exception of one extant chimaeroid 
species, which deposits its eggs in inshore bays and large 
estuaries in very shallow water (Callorhinchus milii BORY 
DE SAINT-VINCENT, 1823; LAST & STEVENS 1994), no species 
is known to live in such an environment. Hence, the egg 
capsule must originate from a shark. Because of their wide 
stratigraphical range from the Upper Carboniferous to the 
Cretaceous Palaeoxyris capsules are generally agreed to 
be the egg cases of hybodont sharks (FISCHER & KOGAN 
2008). Since they are largely restricted to brackish wa-
ter deposits, the small so called “freshwater sharks” of the 
family Lonchidiidae (Lissodus and related genera), which 
were, in fact, mostly euryhaline marine fi shes, are consid-
ered to be the producers.

As has already been mentioned, no fi sh remains were 
found directly associated with Palaeoxyris friessi n. sp. 
But the underlying sandstone and bone beds do yield a 
shark fauna locally (HAGDORN & REIF 1988). At the base 
of erosive channels cut into the underlying horizons 
these bone beds may contain teeth from reworked older 
 horizons (HAGDORN & REIF 1988), but in Neidenfels near 
Crailsheim a silty layer was found containing many ver-
tebrate remains especially small very fragile teeth (mate-
rial in SMNS). This bone bed lacks all the criteria char-
acteristic of bone beds at the base of the incised facies of 
the Hauptsandstein (wood fragments, reworked clasts and 
coarse quartz grains, PÖPPELREITER 1999: 23) and the sand-
stone is not incised into the underlying sequence. Hence, 
this bone bed very probably contains no reworked material 
from older deposits but samples the remains of a contem-
poraneous fauna living in the estuary. The shark fauna, 
which is almost identical with that from the base of erosive 
channels (HAGDORN & REIF 1988), consists of Lissodus no-
dosus SEILACHER, 1943, Acrodus lateralis AGASSIZ, 1839, 
Polyacrodus polycyphus AGASSIZ, 1843, cf. Polyacrodus 
keuperianus WINKLER, 1880, Polyacrodus sp., Steinba-
chodus estheriae REIF, 1980, and Doratodus tricuspida-
tus SCHMID, 1861. The large size of P. friessi n. sp. clearly 
demonstrates that members of the Lonchidiidae, usual-
ly supposed to be producer of Palaeoxyris egg capsules, 
could not have been the only sharks which produced such 
capsules. Lateral teeth of Lissodus nodosus measure up 
to 5 mm in length mesiodistally (DUFFIN 1985). Although 
there are no extant relatives of this species, the dentition 
of Heterodontus can act as a model in order to give some 
idea as to the length of the shark as its molariform later-
al teeth show a gross morphology comparable to that of 
L. nodosus. H. portusjacksoni with a total body length 
of 1140 mm has teeth of 17 mm in length, whilst those of 
a 660 mm long H. japonicus are 9 mm long (REIF 1976). 
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L. nodosus was accordingly probably well below one me-
ter in length. The teeth of Steinbachodus estheriae are 
even smaller. REIF (1980) supposed that the shark did not 
exceed 80 to 100 cm in length. Also the tiny very fragile 
teeth of Polyacrodus sp., an as yet undescribed species, are 
less than 3 mm in length. The molariform lateral teeth of 
Acrodus lateralis, the most frequent species in the Haupt-
sandstein, reach only a length of only 6 mm. This is less 
than in those from the marine Muschelkalk and the overly-
ing Grenzbonebed, possibly due to the lower salinity in the 
Hauptsandstein. Thus all four species were obviously too 
small to produce Palaeoxyris friessi n. sp. Doratodus tri-
cuspidatus has a strange tooth morphology differing from 
that of all other hybodont teeth; indeed, it is questionable as 
to whether it belongs to a hybodont at all (DUFFIN 1981).

The two bigger species, Polyacrodus polycyphus and 
cf. Polyacrodus keuperianus, remain. While P. polycy-
phus is a marine species also known from the Muschelka-
lk, cf. P. keuperianus is known only from the brackish de-
posits of the Lower Keuper. cf. P. keuperianus is similar to 
P. keuperianus from the Middle Keuper (SEILACHER 1943, 
DORKA 2003) but probably represents a different species. 
The teeth of both species reach a length mesiodistally of 
up to 15 mm or even more. In order to judge the size of 
these sharks, the teeth were compared with those in skele-
tons of Hybodus hauffi anus from the Lower Jurassic. The 
results suggest a total length of 2 to 2.5 m in P. polycyphus 
and cf. P. keuperianus. At this length it is conceivable that 
either of these two species could have been the producer of 
Palaeoxyris friessi n. sp.

To date, only the already mentioned small fi n spine 
of an unknown shark species is known from the Upper 
Buntsandstein, while rare teeth of Acrodus braunii are de-
scribed from the overlying lowermost Muschelkalk (see 
above). WOODWARD (1889) synonymised the latter species 
with A. gaillardoti, but this species is much bigger and 
probably did not live in waters with reduced salinity (see 
above). The more likely situation is that Acrodus braunii is 
a synonym of A. lateralis, a smaller species which is wide-
spread in the Muschelkalk and the Lower Keuper.

From the Rhaetian sandstone and in particular its bone 
beds in the area between Stuttgart and Tübingen three 
shark species are known: the hybodonts Lissodus minimus 
(AGASSIZ, 1839) and Hybodus cuspidatus AGASSIZ, 1843 
(= Hybodus cloacinus QUENSTEDT, 1868; DORKA 2003) and 
the neoselachian Rhomphaiodon minor (AGASSIZ, 1837). 
These could be the producers of Palaeoxyris muensteri, 
P. muelleri, and P. ventricosum.

From the marine Hettangian of southern Germany only 
a few shark teeth are known (besides redeposited teeth 
from the Rhaetian bone bed, SCHWEIGERT & BLOOS 2008) 
belonging to species very similar to those known from the 
Sinemurian of Lyme Regis, England ( WOODWARD 1889; 
material in the SMNS). Except for one tooth of  Acrodus 

nobilis AGASSIZ, 1837 and a tooth of Lissodus minimus all 
other teeth are of the Hybodus type, in particular H. de-
labechei CHARLESWORTH, 1839 and H. reticulatus AGASSIZ, 
1837. Some of these teeth, together with a chimaeroid tooth 
plate (Alethodontus bavariensis, DUFFIN 1983), have been 
found in layers directly above the Bayreuth Formation in 
Franconia. One of these sharks could have been the pro-
ducer of P. muensteri from the underlying fl uvial deposits.

H. reticulatus shows some resemblance to H. cuspi-
datus from the Rhaetian. On the other hand WOODWARD 
(1889) fi gured some teeth from Lyme Regis which he ten-
tatively assigned to H. cloacinus (see also DUFFIN 1993). 
Both point to the close affi nities between Upper Tri-
assic and Lower Jurassic species of Hybodus. Further-
more REES (2008) has questioned the validity of the genus 
Poly acrodus JAEKEL, 1889. The teeth of the type species 
P. polycyphus, which could be the producer of Palaeo xyris 
friessi n. sp., do not show any morphological characters 
that can be used to separate them from those of Hybo-
dus (REES 2008). As sharks of the genus Hybodus are also 
present in the Wealden (WOODWARD 1889), where Palaeo-
xyris jugleri is frequently found, species of Hybodus might 
have been the producers of Mesozoic Palaeoxyris egg cap-
sules. This includes in particular species of Hybodus and 
Polyacrodus which are similar to the type species of Hy-
bodus, H. reticulatus. But probably also other hybodontid 
species produced such egg capsules.
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