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in high numerical abundances. For the Mainz and Hanau 
Basins, the following species have been recorded, primarily 
based on isolated otoliths (REICHENBACHER 2000): H. schaeferi
REICHENBACHER, 2000 from the Middle Cerithium Beds (late 
Oligocene), H. rotunda (WEILER, 1963) from the Wiesbaden 
Formation (= Lower Hydrobia Beds, lower Miocene), H. 
miocenica (WEILER, 1942) from the Wiesbaden Formation and 
Upper Hydrobia Beds (lower Miocene), and H. bartensteini
(MALZ, 1978) from the Upper Hydrobia Beds (lower Miocene). 
Hemitrichas rotunda (WEILER) is to date the only species re-
ported from the Mainz and Hanau Basins that is also known 
from complete skeletons, some of which display otoliths in situ
(OTT 2001; KELLER et al. 2002). In this study we describe a new 
Hemitrichas species from the Mainz Basin based on skeletons 
with otoliths in situ. The occurrence of this atherinid species in 
the quarry „Am Katzenrech” in the Mainz Basin was observed 
some twenty years ago by the senior author during his fi rst visit 
to the Museum of Nierstein am Rhein. So far, the species was 
named Dapalis sp. by MALZ (1978), Smerdis sp. by SCHRAFT

(1979) and Hemitrichas sp. 1 by REICHENBACHER (2000). 

2. Locality and Stratigraphy

The Hemitrichas material was collected by Arnulf and Ha-
rald Stapf (Museum Nierstein am Rhein) in the quarry „Am 
Katzenrech”. The quarry is located at the eastern border of 
the Mainz Basin, in the vicinity of Oppenheim and near the 
village Dexheim (Textfi g. 1). The quarry was also called Dex-
heim or Oppenheim/Dexheim in previous studies. According 
to SCHRAFT (1978, 1979), the sedimentary sequence of „Am 
Katzenrech” is comprised of the Lower Cerithium Beds and 
the Upper Cerithium Beds, which are overlain by Pliocene 
or Pleistocene strata. The complete section is not accessible 
any more because the quarry is presently being fi lled with 

Abstract

A new atherinid teleostean species, Hemitrichas stapfi , is 
described on the basis of articulated skeletons, partly with 
otoliths in situ, from the quarry „Am Katzenrech”, near Op-
penheim in the Mainz Basin. From the same locality, the new 
species was already mentioned as Dapalis sp. and as Smerdis
sp; and isolated otoliths of the new species had been described 
from the Landschneckenkalk of the quarry Hochheim-Flörs-
heim as Hemitrichas sp. 1. The skeletons of Hemitrichas stapfi 
n. sp. were collected by Arnulf and Harald Stapf (Museum 
Nierstein am Rhein) from the basal layers of the „lower part” 
of the Upper Cerithium Beds. These strata, as well as the 
Landschneckenkalk, belong to the late Oligocene according to 
published data. They are characterized by marine-euryhaline 
fossil assemblages including bivalves, gastropods, foraminif-
ers, ostracods, and fi sh otoliths. Up to date, all the Eocene to 
Miocene species of the extinct genus Hemitrichas PETERS, 1877 
have been described from brackish and freshwater environ-
ments. Hemitrichas stapfi  n. sp. is the fi rst Hemitrichas species 
that is recorded from brackish-marine waters.

Key words: Atherinidae, Hemitrichas, Oligocene, Mainz 
Basin, otoliths

Erweiterte deutsche Zusammenfassung am Ende des Ar-
tikels

1. Introduction

Species of Hemitrichas PETERS, 1877 are widespread in 
euryhaline strata of the late Oligocene and early Miocene of 
the Mainz and Hanau Basins. They mostly appear in mono-
specifi c or low diversifi ed fi sh communities, and often occur 

Hemitrichas stapfi  n. sp. (Teleostei, Atherinidae) with otoliths Hemitrichas stapfi  n. sp. (Teleostei, Atherinidae) with otoliths Hemitrichas stapfi in situ
from the late Oligocene of the Mainz Basin

By
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Dedicated to the renowned collector of fossils, palaeontologist, and co-founder of the Palaeontological Museum (Heimat-
museum) Nierstein Mr. Arnulf Stapf (Nierstein am Rhein, Germany) on the occasion of his 70th birthday.  
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rubbish. The fossil fi shes were recovered from the lower part 
of the Upper Cerithium Beds, within a 190 cm thick clay-marl 
sequence, and co-occur with marine bivalves, including Pinna
and “Mytilus” (SCHRAFT 1978, 1979; Mytilus is probably Perna 
faujasii, according to FÖRSTERLING 1998).

Based on the fossils, the Upper Cerithium Beds, which can 
reach a thickness of 30 m, have traditionally been subdivided 
into a „lower part”, which is more or less marine, and an „up-
per part”, which is more or less brackish (DOEBL et al. 1972). 
Recently, however, the upper part has been discriminated as 
Oberrad Formation (SCHÄFER & SCHÄFER & SCHÄFER KADOLSKY 2002). It is obvious KADOLSKY 2002). It is obvious KADOLSKY

that the fossil fi shes from the quarry „Am Katzenrech” were 
found near the basis of the „lower part” of the Upper Cerithi-
um Beds based on the lithostratigraphical and faunistic data 
given by SCHRAFT (1978, 1979).

The presence of the Upper Cerithium Beds is supported 
by an exploratory drilling executed by the Geological Survey 
Rheinland-Pfalz in 2000. This drilling was carried out at the 
bottom of the present-day quarry and reached up to 4.85 m 
depth (Textfi g. 2); there it was stopped due to the occurrence 
of a hard limestone bed that could not be drilled. The drilling 
samples yielded marine bivalves (e.g., Perna faujasii BRONGNI-
ART, 1822), a diverse assemblage of foraminifers and ostracods 
(see Textfi g. 2), juvenile fi sh otoliths of Morone, Prolebias and 
Sciaenids, and fi sh scales and teeth. These assemblages corre-
spond to the „lower part” of the Upper Cerithium Beds (cf. 

DOEBL et al. 1972; SCHÄFER 1988; REICHENBACHER 2000). It can 
be supposed from the data provided by SCHRAFT (1978, 1979) 
and Harald STAPF (pers. comm.) that the Hemitrichas skeletons 
from „Am Katzenrech” were discovered from approximately 
the same sequence as the exploratory drilling had drilled. 

The chronostratigraphy of the Upper Cerithium Beds was 
debated for a long time. It was previously believed that the 
entire sequence belongs to the Aquitanian (lower Miocene). 
However, biostratigraphical data based on nannoplankton 
and mammals indicate that the lowermost part of the Upper 
Cerithium Beds is of late Oligocene age (e.g., TOBIEN 1970; 
MARTINI 1978; MÖDDEN 1996, 1998), and that the Oligocene-
Miocene boundary is positioned in the middle of the „lower 
part” of the Upper Cerithium Beds (cf. REICHENBACHER 2000: 
fi g. 9). Consequently, the occurrence of the new Hemitrichas
species near the base of the „lower part” of the Upper Cerithi-
um Beds suggests that it is of late Oligocene age.

3. Previous Studies

SCHRAFT (1978, 1979) reported the presence of Morone 
aequalis (KOKEN, 1891), Notogoneus longiceps (VON MEYER, 
1851), Smerdis sp., and Gobius sp. However, Smerdis sp. must 
be assigned to the new Hemitrichas species described here (see 
below). The determination of „Gobius” probably relates to a 

Textfi gure 1: Geographic overview and location of the quarry „Am Katzenrech” in the Mainz Basin.
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few dorso-ventrally embedded Hemitrichas specimens since 
the fi rst appearance of Gobius in the Mainz and Hanau Basins 
is in the distinctly younger Upper Hydrobia Beds (REICHEN-
BACHER 2000). 

EIKAMP (1977) and MALZ (1978) described fossil fishes from 
the so-called Corbicula Beds in the quarry „Am Katzenrech“. 
However, these fi shes must also have been collected from the 
Upper Cerithium Beds because the Corbicula Beds are not 
present in this quarry. It is almost certain that they were found 
in the same sequence in which the fi sh skeletons mentioned by 
SCHRAFT (1978, 1979) were collected. EIKAMP (1977) described 
a few well preserved skeletons with otoliths in situ of Morone 
aequalis (KOKEN, 1891) [= Morone alsheimensis (H. v. MEYER, 
1859) according to GAUDANT 2000]. MALZ (1978) mentioned 
several so-called Dapalis skeletons, in part with otoliths in 
situ. His material is from the collection in the Nierstein Mu-
seum, to which also the present study refers. Although MALZ

(1978) recognized a new species based on the morphology 
of the otoliths, he described it only in open nomenclature as 
Dapalis sp.

4. Material and Methods

The material consists of 23 articulated skeletons, in part 
with otoliths in situ, that were examined and measured under a 
stereo-microscope. The material is kept in the collection of the 

Palaeontological Museum Nierstein under accession number 
SSN 12DX1-DX22 and SSN12DX50.

5. Results

5.1 Description of the Skeletons

The standard length of the skeletons ranges from 25 to 
38 mm. The juvenile individuals possess an elongated body, 
of which the maximum height equals approximately 15% of 
the standard length. In adult specimens, the body becomes 
progressively higher and the maximum height generally rea-
ches between 25 and 30% of the standard length. The head is 
massive; its length equals 25-33% of the standard length. The 
orbit is quite large, its horizontal diameter includes about a 
third of the head length. The length of the mandible is about 
25% of the head length. Because of the great length of the lo-
wer portion of the preoperculum, the lower jaw articulation is 
positioned immediately behind the anterior edge of the orbit. 
The oral edge of the upper jaw is entirely covered by the pre-
maxilla; the maxilla is reduced to a slender rod. The operculum 
is more or less quadrangular; its width slightly exceeds 25% of 
the head length. The vertebral column consists of (32?) 33-34 
vertebrae, 15-16 in abdominal and 17-19 (more frequently 18) 
in postabdominal position. There are about 12 pairs of long and 
rather robust pleural ribs. Their distal ends almost reach the 
ventral edge of the abdomen. The caudal fi n is relatively small. 
Its length measures about 20-22% of the standard length. The 
posterior edge is concave, as the length of its axial rays equals 
approximately 75% of the longest rays of each lobe. There are 
17 principal rays, of which 15 are articulate and furcate. Seven 
to 10 precurrent rays are present dorsally and ventrally. The 
caudal fi n formula is 7-10+I+8/7+I+8-10. The axial caudal 
skeleton consists of fi ve more or less modifi ed components. 
A single hypural plate, which is the result of a fusion of the 
fi rst two hypurals, supports the ventral lobe of the caudal 
fi n, whereas two hypural plates support the dorsal lobe. The 
uppermost, triangular, hypural plate is larger than the penul-
timate one. The parhypural is long and narrow. Posteriorly, 
the uro-terminal complex is prolonged by an uroneural, which 
is straightened up and forms a 135° angle with the vertebral 
column axis. Dorsally, three epurals are present. Four preural 
centra bear long neurapophyses and haemapophyses, which 
support the fi rst rays of both lobes of the caudal fi n. The fi rst 
dorsal fi n is small and positioned approximately in the middle 
of the body, the distance from the tip of the snout to its origin 
equals 50-55% of the standard length. It is comprised of seven 
to eight slender, rather short spines; the length of the longest 
spine generally equals 60 to 65% of the distance between its 
base and the origin of the second dorsal fi n. The composition 
of its endoskeleton is unknown due to preservation. The 
distance from the tip of the snout to the origin of the second 
dorsal fi n is 65-70% of the standard length. The second dorsal 
fi n possesses one slender spine and eight to ten articulate and 
furcate fi n rays; the length of the longest fi n ray measures less 
than 65% of the maximum height of body. Its endoskeleton 
generally includes nine to 10 pterygiophores. The anal fi n is 
inserted slightly behind the second dorsal fi n. The anteanal 
distance generally equals 65-71% of standard length. There 
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exploratory drilling respectively the fi sh fossils bearing strata.
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are one slender, rather short spine and (8) 9 to 10 articulate and 
furcate rays. The anal fi n is supported by 10-11 pterygiophores. 
The pectoral fi ns are positioned relatively low on the fl ank, 
approximately in its lower third. There are 13-14 rays of mo-
derate size; the distal end of the longest ray does not reach the 
base of the pelvic fi ns. The pelvic fi ns are opposed to the origin 
of the fi rst dorsal fi n; the antepelvic distance equals 50-53% of 
standard length. There exist one rather short slender spine and 
fi ve articulate and furcate rays. The length of the longest ray 
ranges from 65 to 75% of the pelvo-anal distance. The cycloid 
scales are relatively large. Their number was approximately 30 
in the lateral line. Their surface is ornamented by concentric 
circuli, the density of which is about 20 per millimetre.

5.2 Description of the Otoliths 

The skeleton of the holotype displays the convex inner 
side of a well-preserved left sagitta (Pl. 1, Fig. 3). Its length is 
approximately 1.5 mm, its height 0.9 mm, and the L/H index 
1.7. The shape of the sagitta is elongate with a slightly pointed 
posterior end and moderately rounded dorsal and ventral rims. 
The rostrum is rather long, especially in comparison to otoliths 
of other Hemitrichas species. The antirostrum is thickened 
and rounded, the excisura deeply incised. The sulcus is long, 
narrow, and straight. As is generally the case in Hemitrichas
species, the ostium is small and more deepened than the cauda. 
The end of the cauda is rounded and faintly bent in downward 
direction. A thick crista superior runs along the deep dorsal 
area; the crista inferior is thin. The ventral line is distinctly 
incised. A second skeleton displays both sagittae in situ. The 
inner side of the left sagitta is visible, whereas the right sagitta 
displays the outer side. The left sagitta shows the same shape 
and characters as the sagitta from the holotype, apart from a 
slightly higher dorsal rim, which bears a weak tip in its poste-
rior portion. The dimensions are (in mm): length: 0.77, height:  
0.47, L/H: 1.6. The right sagitta displays a smooth concave 
outer side. Altogether, these sagittae in situ show the same cha-
racters as the two isolated sagittae from the Landschneckenkalk 
of Hochheim-Flörsheim, which were described and fi gured as 
Hemitrichas sp. 1 in REICHENBACHER (2000). 

5.3 Characterization of Hemitrichas stapfi  n. sp.

The relationships between Hemitrichas rotunda (WEILER, 
1963) and all other presently known species of Hemitrichas
PETERS, 1877 have recently been analyzed by KELLER et al. 
(2002). For that reason, the Hemitrichas skeletons considered 
here will only be compared to those species that also bear 
a fi rst dorsal fi n consisting of seven or eight slender spines. 
These forms are H. rotunda (WEILER, 1963) from the Wiesba-
den Formation of the Kalkofen quarry („Am Hambusch”) in 

Wiesbaden Biebrich (KELLER et al. 2002) andKELLER et al. 2002) andKELLER  H. giraudi (PITON, 
1936) from the upper Oligocene or lower Miocene of the Puy 
de Mur massif (Puy-de-Dôme, France) (GAUDANT 1993). The 
Hemitrichas species from „Am Katzenrech” differs from H. 
rotunda in its slightly higher vertebral number: (32?) 33-34, 
compared to 30-31, and in the slightly higher number of ab-
dominal vertebrae (15-16 compared to about 12). In addition, 
it differs from H. giraudi in the lower number of vertebrae H. giraudi in the lower number of vertebrae H. giraudi
(36-37 in H.giraudi).

The otoliths preserved in situ in the skeletons from „Am 
Katzenrech” differ from all other otolith based Hemitrichas
species in their elongate shape with the pointed posterior end 
and slender and rather long rostrum. Otoliths of H. rotunda
are more rounded, less elongate, and fi tted with a short robust 
rostrum. Unfortunately, the otoliths of H. giraudi have not H. giraudi have not H. giraudi
been discovered to date.

In conclusion, the atherinid skeletons from the quarry „Am 
Katzenrech” belong to a new species:

Class  Osteichthyes HUXLEY, 1880

Subc lass  Actinopterygii COPE, 1887

Div i s ion  Teleostei MÜLLER, 1846

Order  Atheriniformes ROSEN, 1964

Fami ly  Atherinidae RISSO, 1827

Genus  Hemitrichas PETERS, 1877

Hemitrichas stapfi  n. sp.

Pls 1, 2

1978 Dapalis sp. – MALZ: 462, fi gs 2-4.
2000 Hemitrichas sp. 1. – REICHENBACHER: 72, pl. 6, fi g. 13.

Holotype :  Specimen SSN12DX12, kept in the Palaeon-
tological Museum (Heimat Museum) at Nierstein am Rhein 
(Pl. 1, Figs 1-3).

Der iva t ion  of  name:  The new species is dedicated to 
the renowned collector of fossils and amateur palaeontologist 
Mr. Arnulf STAPF (Nierstein am Rhein, Germany) on the occa-
sion of his 70th birthday. His excellent collection is on exhibit 
in the Palaeontological Museum (Heimatmuseum) Nierstein 
am Rhein, Germany.

Ty p e  l o c a l i t y :  „Am Katzenrech” quarry, near Dex-
heim.

Type s trata :  “Lower part” of the Upper Cerithium Beds; 
Landschneckenkalk from Hochheim-Flörsheim; uppermost 
Oligocene.

Plate 1: Hemitrichas stapfi  n. sp. from the „lower part” of the Upper Cerithium Beds of the quarry „Am Katzenrech”, near Dexheim; holotype 
(specimen SSN12DX12, kept in the Palaeontological Museum (Heimat Museum) at Nierstein am Rhein) [Photographs D. SERRETTE].
Fig. 1: General view of body.
Fig. 2: Head.
Fig. 3: Otolith preserved in situ.
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Studied  mater ia l :  23 skeletons, in part with otoliths 
in situ.

Diagnos i s :  Small atherinid fi shes; standard length does 
not seem to have exceeded 38 mm; body elongated, the maxi-
mum height of body in adults is 25-30% of standard length; 
head massive, the head length is 25-33% of standard length; 
vertebral column including (32?) 33-34 vertebrae, 17-19 being 
postabdominal; caudal fi n small, moderately indented posteri-
orly, 7-10+I+8/7+I+8-10 rays; fi rst dorsal fi n small, approxi-
mately situated in the middle of the body, 7-8 slender spines; 
second dorsal fi n placed in the posterior third of the body, one 
slender spine and 8-10 rays, supported by 9-10 pterygiophores; 
anal fi n opposed to the second dorsal fi n, one slender spine and 
(8) 9-10 fi n rays, supported by 10-11 pterygiophores; pectoral 
fi ns of moderate size inserted at the lower third of the fl ank, 
13-14 rays; pelvic fi ns subabdominal, opposed to the origin of 
the fi rst dorsal fi n, one slender spine and fi ve rays; rather large 
cycloid scales, about 30 in lateral line; otoliths elongate with a 
pointed posterior rim and a long, slender rostrum.

Measurements :  see Tab. 1

6. Palaeoecology

The genus Hemitrichas PETERS, 1877 has to date only been 
recorded for brackish and freshwater sediments. Hemitrichas 
giraudi (giraudi (giraudi PITON, 1936) from the late Oligocene or early Miocene 
(?) of Puy de Mur in Central France, which is preserved in dia-
tomitic layers that yield a brackish diatomitic fl ora (GAUDANT

1993), and all Hemitrichas species that have been described 
from the Oligocene and Miocene of the Mainz and Hanau 
Basins (REICHENBACHER 2000; KELLER et al. 2002) belong to the 
brackish water category. Moreover, most Hemitrichas species 
from the late Oligocene and early Miocene of the western Pa-
ratethys (with the exception of H. bergeri (H. bergeri (H. bergeri REICHENBACHER)) 
are known from oligohaline environments (REICHENBACHER & 
WEIDMANN 1992; REICHENBACHER 1993, 1996; REICHENBACHER 1993, 1996; REICHENBACHER REICHENBACHER

et al. 2004, 2005). It must be mentioned that the Hemitrichas
otoliths from the western Paratethys were initially described as 
Palaeoatherina GAUDANT, 1976 (in REICHENBACHER 1996) and 
Atherina LINNAEUS, 1758 (in REICHENBACHER & WEIDMANN

1992; REICHENBACHER 1993). 
Two late Eocene species can perhaps be assigned to the 

freshwater group: Hemitrichas formosa (GAUDANT in CHED-
HOMME & GAUDANT, 1984) from Orgnac-l’Aven (Ardèche, 
France), which is associated to amiid remains (Cyclurus sp.), 
and H. vardinis (SAUVAGE, 1883) from the Alès Basin (Gard, 
France) because it is found together with relatively rare um-
brids (GAUDANT, unpublished data). It is also supposed that the 
type-species, H. schisticola PETERS, 1877, which is preserved in 

Plate 2: Hemitrichas stapfi  n. sp. from the „lower part” of the Upper Cerithium Beds of the quarry „Am Katzenrech”, near Dexheim; material 
kept in the Palaeontological Museum (Heimat Museum) at Nierstein am Rhein. [Photographs D. SERRETTE].
Fig. 1: General view of specimen SSN12DX50, already fi gured by MALZ (1978, Abb. 3)
Fig. 2: General view of specimen SSN12DX15.

SSN12DX12 
holotype
(Pl. 1, 
Figs 1-3)

SSN12DX50
= MALZ 1978: 
fi g. 3
(Pl. 2, Fig. 1)

SSN12DX10

Total length 40.5 45 32.5

Standard length 34.5 38 28.5

Maximum height 
of body

10 9.5 7

Head length 11 11 9

Distance to fi rst 
dorsal fi n

19 19 15

Distance to second 
dorsal fi n

23.5 25 19.5

Distance to anal fi n 24.5 24 19.5

Distance to pecto-
ral fi ns

13 12.5 10.5

Distance to pelvic 
fi ns

17.5 18.5 15

Length of fi rst 
dorsal fi n

3 4 2.5

Length of second 
dorsal fi n

4.5 ca. 5 4.5

Length of anal fi n 4.5 6 4.5

Length of pectoral 
fi ns

ca. 4 — 3.5

Length of pelvic 
fi ns

ca. 3.5 4.5 3.5

Basal length of 
fi rst dorsal fi n

1.5 1.5 1.5

Basal length of 
second dorsal fi n

2.5 3 2

Basal length of 
anal fi n

3 3.5 2

Length of caudal 
pedicle

6.5 7.5 6

Height of caudal 
pedicle

4 4.5 3.5

Table 1: Measurements in mm of three specimens of Hemitrichas stapfi 
n. sp., from the quarry „Am Katzenrech”, near Dexheim (material kept 
in the Palaeontological Museum Nierstein am Rhein).
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