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Fossil utricular otoliths (= lapilli) from cypriniform fishes have long been recorded from European Oligocene and Neo−
gene freshwater and oligohaline sediments. Until now, their determination was limited to the family level owing to the
lack of morphological investigations on lapilli of Recent cypriniforms. The present study introduces a terminology for the
lapillus morphology that is based on the lapilli of 134 specimens of 20 cyprinid and one balitorid species. It is demon−
strated that the lapillus has valuable characters for taxonomic classification. As a result, fossil lapilli from Oligocene and
Miocene continental deposits from the western Mediterranean, the Swiss and the South German Molasse Basin, the
Mainz Basin, and additionally from Anatolia could be determined. Nine species were identified: aff. Abramis sp. vel aff.
Alburnus sp., aff. Alburnoides sp., aff. Barbus sp., cf. Leuciscus sp., Palaeoleuciscus sp., Palaeotinca moeddeni sp. nov.,
Palaeotinca sp. 1, aff. Phoxinus sp., and aff. Rutilus sp. vel aff. Scardinius sp. Our study includes the oldest record of a
Phoxinus−related and a Palaeotinca species from Europe. Additionally, aff. Abramis sp. vel aff. Alburnus sp. and aff.
Alburnoides have been identified as fossils for the first time. The determination of the fossil lapilli has been supported by
means of pharyngeal teeth, with the exception of aff. Abramis sp. vel aff. Alburnus sp., whose lapilli were found together
with pharyngeal teeth of Palaeocarassius sp. It is suggested that these so−called Palaeocarassius pharyngeal teeth do not
belong to an ancestor of the Carassius lineage, but to a forerunner of the Abramis or Alburnus lineage. Our results support
the previously described turnover in the Paratethys freshwater fish fauna about 17–18 Ma ago, when Palaeotinca spp. be−
came extinct and the first appearance of Palaeoleuciscus sp. and Palaeocarassius sp. (= aff. Abramis sp. vel aff. Alburnus
sp.) occurred. The Oligocene and Miocene cypriniform fishes did not evolve any provincialism from southern France
throughout the Molasse Basin to the Mainz Basin.
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Introduction

Cypriniform fishes (Teleostei) belong to the Otophysi sensu
Fink and Fink (1996). The utricular otolith or lapillus, on
which we focus in the present study, is an aragonitic bio−
mineralization in the head of the fish (Fig. 1A); it is situated
in the membraneous labyrinth in the inner ear. The lapillus is
arranged pair−wise, with one specimen in the left and one in
the right membraneous labyrinth (Fig. 1A2). The membrane−
ous labyrinths contain two additional pairs of bilateral sym−
metrically arranged aragonitic biomineralizations, which are
termed as the lagenar otolith or asteriscus (Fig. 1A2, A3) and
as the saccular otolith or sagitta (Fig. 1A3) with regard to
their position in the labyrinth. The otolith names lapillus
(= stone, see Fig. 1A4, A5, B1), asteriscus (= star, see Fig.
1B2), and sagitta (= arrow, see Fig. 1B3) relate to the star−,
stone−, and arrow−like shapes of the cyprinid otoliths (Wer−
ner 1928). However, asteriscus, lapillus and sagitta are gen−
erally used for the otoliths of other teleostei than cyprinids.
Even though some authors consider as more precise to oper−
ate with the terms lagenar otolith, utricular otolith, and

saccular otolith, we use the terms asteriscus, lapillus, and
sagitta in the present paper to make the text easier flowing.

Regarding the Otophysi, the lapillus and the asteriscus
are rather robust (Fig. 1A4, A5, B1, B2), and the sagitta is tiny
(Fig. 1B3). Generally only the lapillus is preserved as a fossil.
The lapilli from some Recent Otophysi have been examined
by Frost (1925a–c, 1926a–c, 1927), Werner (1928), Adams
(1940), Martini and Reichenbacher (1993), Escot and Gra−
nado−Lorencio (1998), and Assis (2005). Berinkey (1956)
and Assis (2003) studied the morphology and taxonomic
value of the asterisci from Recent Otophysi.

In contrast to the Otophysi, the sagitta is the largest otolith
in most other teleost fish. Since Koken (1884), the signifi−
cance of the sagitta morphology is well established for fossil
and Recent taxa for species determination and also for classi−
fication on a higher taxonomic level (e.g., Chaine and Du−
vergier 1934, 1942; Chaine 1935–1938; Nolf 1985, 1995;
Rivaton and Bourret 1999; Schwarzhans 1993, 1999; Smale
et al. 1995 and many others). Jurassic to Pleistocene marine
fish faunas were reconstructed on the basis of isolated fossil
sagittae that have been collected after washing and sieving

http://app.pan.pl/acta51/app51−283.pdfActa Palaeontol. Pol. 51 (2): 283–304, 2006



the sediments (e.g., Nolf 2004; Nolf and Brzobohaty 2002;
Stringer 1998). From Palaeogene and Neogene strata, also
brackish and euryhaline fish faunas are well known on the
basis of isolated sagittae (e.g., Reichenbacher 1993, 2000;
Reichenbacher et al. 2004b).

However, fossil sagittae are scarce in pure freshwater
sediments. Instead, fossil lapilli appear abundantly in fresh−
water and oligohaline deposits of late Oligocene and Neo−
gene age. They were mentioned from Europe as “genus
Cyprinidarum” by Martini (1983), Mödden et al. (2000),
Reichenbacher (1988, 2004), Reichenbacher and Mödden
(1996), Reichenbacher and Schwarz (1997), Rückert et al.
(2002), Sach et al. (2003), and from Anatolia by Menzel and

Becker−Platen (1981). According to Cavender (1991), the
abundance of fossil cypriniforms in late Oligocene and Neo−
gene sediments of Europe may be related to the climatic
cooling since the end of the Eocene. From that time, cyprini−
form fishes have evolved as the predominant group of teleo−
stei in freshwater habitats (Cavender 1991) and obviously
were also successful in oligohaline environments. Conse−
quently, the lack or scarcity of sagittae, and the abundance of
lapilli in freshwater and oligohaline deposits of late Oligo−
cene and Neogene age can be explained by the fact that the
dominating cypriniform fishes in these environments have
tiny sagittae with almost no preservation potential, but large,
robust lapilli with good preservation potential.
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Fig. 1. Position and morphology of the otoliths in the head of a carp. A. Computer tomography (CT) of Recent Cyprinus carpio (Linnaeus, 1758) (BSPG
2003 IV 143) and its lapilli; 150 layers of frontal sections were carried out from the dorsal to the ventral side of the head. 3D reconstruction of the head with
the position of the otoliths projected (A1), frontal section (layer 36), showing the position of lapillus and asteriscus (A2), and frontal section (layer 38), show−
ing the position of sagitta and asteriscus (A3); right (A4) and left (A5) lapillus in dorsal views (A4 and A5 are digital photographs). B. Digital pictures of the
otoliths of Recent Cyprinus carpio (Linnaeus, 1758): lapillus in dorsal view (B1), asteriscus in medial view (B2), and sagitta in medial view (B3) (posterior
tip incomplete). Otoliths are represented as right ones (BSPG 2003 IV 156b, d, and e respectively).



In spite of their abundance in late Oligocene and Neogene
freshwater sediments, fossil cypriniform lapilli could not be
used for the taxonomic reconstruction of fossil freshwater
fish faunas until now owing to the lack of morphological in−
vestigations on lapilli of Recent cypriniform fishes. The
present study intends (i) to create a data set on the morpho−
logy and taxonomic value of the lapillus of Recent cyprini−
form taxa, (ii) to apply the new data for the classification of
fossil lapilli from freshwater and oligohaline environments,
and (iii) to add new data regarding the fossil record of
cypriniform fishes.

Institutional abbreviations.—BSPG, Bayerische Staatssamm−
lung für Paläontologie und Geologie (Bavarian State Collec−
tion for Palaeontology and Geology), Munich, Germany;
IRSNB, Institut Royal des Sciences Naturelles de Belgique,
Brussel, Belgium; SMNS, Staatliches Museum für Natur−
kunde (State Museum of Natural History), Stuttgart, Ger−
many.

Abbreviations used in the figures.—a, anterior; d, dorsal;
l, lateral; p, posterior; m, medial.

Material and methods

Fig. 2 shows the localities from where the fossil material and
the studied fishes came from.

Fossil species.—Sediment samples were available from pre−
vious and current studies on freshwater and oligohaline Oligo−
cene and Miocene deposits. Table 1 summarizes the salient
data of the localities from which the fossil specimens come.
Fig. 2A gives a geographic overview of the fossil localities.

Samples were processed with H2O2, screen washed and
dried. Otoliths were selected under a binocular microscope
from the residue larger than 0.4 mm in diameter. In all, 289
fossil cypriniform otoliths are included in the present study.

Recent species.—A total of 121 complete fishes and thirteen
isolated fish heads were dissected. These specimens com−
prise 20 cyprinid and one balitorid species from wild catches
in Bavarian (southern Germany) lakes, creeks, and ponds
(Fig. 2B, Table 2), except the specimens of Leucaspius
delineatus and Cyprinus carpio that were available from
breeding stations. The bulk of the fresh dead fishes were kept
deep−frozen at –20�C until their preparation. A few speci−
mens were treated with formalin and ethanol. In addition,
some lapilli of Recent specimens of Abramis bjoerkna, Cy−
prinus carpio, Carassius auratus, and Scardinius erythro−
phthalmus were available from the IRSNB (now BSPG).

Total length of fishes was measured; if only the head of
the fish was available, the head length was taken (Table 2).
After their separation from the body, fish heads were cooked
for a few to 40 minutes, depending on size. After cooking,
the neurocranium was cleaned mechanically until right and
left bulbus of the prootic could be identified (see also Wohl−
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Fig. 2. A sketch map showing fossil and Recent localities mentioned in the text. A. Geographic overview of the localities that have yielded the fossil mate−
rial. B. Map of Bavaria in South Germany with the numbers of the sample sites. 1, Chiemsee; 2, Starnberger See; 3, Klötzlmühlbach and Further Bach, near
Landshut; 4, Alte Ammer, near Fischen; 5, Ponds at Wielenbach; 6, Uffinger Ach; 7, Isar at Landau; 8, Isen at Mühldorf; 9, Ponds at Reichlingsried and
Ludenhausen; 10, Rottbach at Rott (Landsberg/Lech); 11, Wiesent at Gößweinstein (Forchheim); 12, Weißenstädter See at Wunsiedel; 13, Leiblach at
Lindau.



fahrt 1932). The bulbi were carefully opened with a pair of
tweezers or a bone scissors and the lapilli were taken out. Or−
ganic residues were removed by treating the lapilli with
1%−KOH solution for 6 hours and with distilled water for 12
hours. If necessary, lapilli were additionally soaked in 5%−
H2O2 solution for 4 hours.

The morphology of Recent and fossil lapilli was studied
with a binocular microscope and additionally by SEM. Maxi−
mal length and width of lapilli were measured under the bino−
cular microscope with the Imagic software (Leica). The mea−
surement error was empirically determined and amounted
about ± 10 µm. Digital pictures were taken with a digital cam−
era (Leica DC 200) and SEM−pictures with a digital LEO
438VP of the Botanical State Collection (Munich), a digital
LEO Gemini 1430VP of the Zoological State Collection (Mu−
nich), and a Leitz AMR 1200 of the Section Palaeontology of
the Department for Earth and Environmental Sciences (Lud−
wig−Maximilians−University Munich). The film used for the
Leitz AMR 1200 was an AGFA−Agfapan APX 100 Profes−
sional (24 × 36 mm), 135/36 DX, ISO 100/21�. The tomogra−
phy of the carp head (Fig. 1A) was performed with a Siemens
Somatom Volume Zoom of the Radiologie Munich laboratory.

For a more consistant comparison of the lapillus mor−
phology, we have figured almost all lapilli with their anterior
margin pointing to the left side of the page, and their lateral

margin pointing to the top. Thus, all lapilli shown from the
dorsal side are represented as if they were right ones; if only
left ones were available, they were converted into right ones
as mirror images. Further, all lapilli shown from the ventral
side are represented as if they were left ones; if only right
ones were available, they were converted into left ones as
mirror images.

Terminology
Werner (1928) introduced a terminology for the cyprinid
lapillus related to its physiology and functionality. How−
ever, his terminology considers hardly any morphological
characters, and thus can not be applied to fossil lapilli. Assis
(2005) proposed a general terminology for the lapillus of
teleost fish, which is based on the morphological characters
of the lapillus in ventral view. Whereas Assis (2005) exam−
ined the lapilli from 23 orders and 62 families, the present
study is restricted to one order, the cypriniforms, and two
families, the Cyprinidae and Balitoridae. For the purpose of
describing the lapilli of these taxa, we propose a termino−
logy for the morphological characters of the lapillus in dor−
sal view (Fig. 3A, B). This terminology does not contradict
that of Assis (2005), but complements it and, owing to the
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Table 1. Salient data of the localities from which the fossil lapilli come. The localities are arranged according to their regional situation from south to
north and from west to east (see also Fig. 2A). MP = Mammal unit of the Palaeogene, MN = Mammal unit of the Neogene.

Name of
locality Country Geologic

situation Lithostratigraphy Chrono−, Bio−
stratigraphy Salinity References Cyprinid species (this study)

St. Donat France Aix
Basin

Calcaire
d’Eguilles

early Miocene,
MN 1

eury−
haline

Reichenbacher
(2004) Palaeotinca sp. 1

La Morges
70

Switzer−
land

Molasse
Basin

Calcaires et
Dolomies late

Oligocene

MP 29
fresh−
water

Reichenbacher
and Weidmann

(1992)

aff. Phoxinus sp.
La Morges

161
Grès et Marnes

gris à gypse MP 30 oligo−
haline

Le Locle,
Sondages

1, 2, 3

Lake
sediments

middle Miocene,
MN 7 fresh−

water

aff. Alburnoides sp.

aff. Abramis sp. vel aff. Alburnus sp.

Palaeoleuciscus sp.

aff. Rutilus sp. vel aff. Scardinius sp.

Wolfsheim

Germany

Mainz
Basin

Süßwasser−
schichten

early Oligocene,
MP 24

Mödden et al.
(2000)

Palaeotinca moeddeni sp. nov.
aff. Phoxinus sp.

Göllheim Upper Cerithium
Beds early

Miocene

MN
2b oligo−

haline

Reichenbacher
and Mödden

(1996)
Palaeotinca sp. 1

Illerkirch−
berg no. 18 Molasse

Basin

Kirchberg
Formation

MN
4b

Reichenbacher
et al. (2004a)

aff. Alburnoides sp.

aff. Abramis sp. vel aff. Alburnus sp.

Wannen−
waldtobel

Upper Fresh−
water Molasse

middle
Miocene

MN 5

fresh−
water

Sach et al.
(2003) Palaeoleuciscus sp.

Goldberg Fissure
filling – MN 6 Böhme and Ilg

(2003) aff. Rutilus sp. vel aff. Scardinius sp.

Steinheim/
Albuch

Meteoric
Crater Lake sediments MN 7 Gaudant (1989) Tinca micropygoptera

Sofça Turkey Anatolia unknown MN 8 un−
known

Böhme and Ilg
(2003)

aff. Barbus sp.

cf. Leuciscus sp.



more specific aim of the present study, is considered as the
most appropriate.

In our terminology, the terms anterior (= cranial), medial
(= towards the inner side of the fish), lateral, posterior, ven−
tral, and dorsal are referring to the position of the lapillus in
the labyrinth (see Fig. 1A2), in which it is embedded more or
less horizontally with the ventral side oriented to the epithe−
lial sensory hair cells (see Werner 1928; Frisch and Stetter
1932; Chardon and Vandewalle 1991; Assis 2005). How−
ever, the orientation of the lapillus in Figs. 3–31 corresponds
to the standardized orientation used in this study to allow a
direct comparison between the otoliths. The exact orientation
of these otoliths’ parts, namely the apices of the cranial umbo
and of the gibbus maculae (sensu Assis 2005) may differ

slightly, even between species of the same family (see Assis
2005: fig. 10).

The general lapillus shape depends on the curvature of the
margins, and the presence/absence and strength of the antero−
lateral, anteromedial, posterolateral, and posteromedial edges.
The incision appears at the junction of the anterior and lateral
margin and can be deeply incised or rather flat (see Fig. 3A vs.
B). The shape and depth of the incision control the general
lapillus shape in addition to the curvature of the margins. The
form of the margins, edges, and incision is best visible in dor−
sal view (see Fig. 3C vs. D).

When studying isolated otoliths, the incision helps to dis−
criminate left and right lapilli: If the lapillus in dorsal view is
positioned upright, with the anterior margin to the top, the in−
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Fig. 3. Morphological characters and terminology of the cypriniform utricular otolith (lapillus). A, C, D. Recent Rutilus rutilus (Linnaeus, 1758), BSPG
2003 IV105, 101, and103 respectively, in dorsal (A, C) and ventral (D) views. B. Recent Abramis brama (Linnaeus, 1758), BSPG 2003 IV 1 in dorsal view.
Note that the depression is extremely shallow and covering nearly the whole caudal portion. E. Recent Chondrostoma nasus (Linnaeus, 1758), BSPG 2003
IV 50 in anterior view. A, B, C2, D2, E are represented as right lapilli, C1, D1 are represented as left lapilli.



cision is situated on the right side in a right lapillus, and on
the left side in a left lapillus (see Fig. 3C2 vs. C1).

The dorsal side of the lapillus is convex−concave and
smooth. It displays a hump (= cranial umbo, = Prominentia
marginalis in Assis 2005) at its anterior portion, and a slight
to distinct concavity (= depression) at its posterior part. The
ventral side of the lapillus is convex and uneven, revealing
different and irregular patterns of crystal growth (see Fig.
3D). It may bear at its posterior end a V−shaped, slightly
deepened furrow. The mineralization area (= Regio apicale
gibbi maculae in Assis 2005) is a part of the ventral side of
the lapillus, but it can best be studied from the anterior view
(Fig. 3E). Its characteristics are radially arranged crystalline
bundles or fibres. The mineralization area can be covered
partially or completely by the cranial umbo and then may be
not visible in the dorsal view. A prominent furrow (= cranial
suture, = Confluentia gibbi maculae in Assis 2005) separates
the ventral side including the mineralization area from the
dorsal side (Fig. 3A, B, E).

Morphological description of the
lapilli of the Recent species

The names of the Recent species are used according to
Kottelat (1997). Table 2 summarizes the relevant data for the
studied Recent species, and shows the dimensions of fish
specimens and lapilli. The following descriptions of the
lapilli relate to the dorsal view, if not mentioned otherwise.
The lapilli are described with special regard to the curvature
of their margins and the strength of their four edges. The de−
velopment of the mineralization area, incision, and cranial
umbo of each studied species is shown in Table 3.

Class Actinopterygii Cope, 1887
Division Teleostei Müller, 1846
Order Cypriniformes Bleeker, 1859
Family Cyprinidae Bonaparte, 1832
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Table 2. The relevant data for the Recent species: amount of specimens, number of locality (see Fig. 2B), measurements of fish and lapilli, inventory
numbers. BSPG = Bayerische Staatssammlung für Paläontologie und Geologie (Bavarian State Collection for Palaeontology and Geology); IRSNB
= Institut Royal des Sciences Naturelles de Belgique. L = length of lapillus, W = width of lapillus, L/W = ratio of length to width.

Species
Amount of in−

vestigated
fishes

Number
of locality

Total fish length
or head length (*)

(in mm)
Dimensions of lapilli (in mm)

Inventory num−
bers: BSPG

2003 IV−

Abramis bjoerkna
3 + 1 ex
IRSNB 7 32*–53* L: 2.61–3.6; W: 1.86–2.62; L/W: 1.4–1.5 41–43, 161

Abramis brama 12 3, 4, 12 87–270; 91* L: 1.27–4.17; W: 0.97–3.12; L/W: 1.3–1.4 1–12

Alburnoides
bipunctatus

6 3, 6 96–117 L: 1.32–1.61; W: 1.03–1.17; L/W: 1.3–1.5 13–18

Alburnus alburnus 17 1, 3, 5 122–167; 30–34* L: 1.63–2.58; W: 1.12–1.96; L/W: 1.3–1.5 19–35

Aspius aspius 1 7 77* L: 3.89; W: 3.28; L/W: 1.2 36

Barbus barbus 4 1, 8 115–360 L: 1.09; 2.05–2.49;
W: 0.91; 1.39–1.66; L/W: 1.2; 1.4–1.5 37–40

Carassius auratus 2 ex IRSNB breedings – L: 1.55–1.56; W: 1.06–1.15; L/W: 1.4–1.5 162–163

Carassius cf. carassius 3 9 112–135 L: 1.72–1.8; W: 1.39–1.52; L/W: 1.2 46–48

Carassius cf. gibelio 1 3 118 L: 1.71; W: 1.20; L/W: 1.4 44

Chondrostoma nasus 3 3 145–205 L: 1.87–2.33; W: 1.41–1.73; L/W: 1.3–1.4 49–51

Cyprinus carpio 1+1 ex IRSNB breedings 120* L: 2.57–3.40; W: 1.53–2.0; L/W: 1.7 52, 164

Gobio gobio 9 3, 10 64–165 L: 0.73–1.65; W: 0.58–1.2; L/W: 1.3–1.5 53–61

Leucaspius delineatus 3 breedings 49–59 L: 0.69–0.98; W: 0.67–0.95; L/W: 1.0–1.3 62–64

Leuciscus cephalus 10 1, 3, 10 152–335; 103* L: 2.19–4.95; W: 1.49–3.56; L/W: 1.3–1.5 65–74

Leuciscus idus 3 3, 4 155–245 L: 2.17–3.05; W: 1.68–2.17; L/W: 1.3–1.4 75–77

Leuciscus leuciscus 9 1, 2, 10 60–297 L: 2.23–4.31; W: 1.74–3.43; L/W: 1.3–1.6 78–86

Leuciscus souffia 4 13 74–172 L: 1.04–2.44; W: 0.74–1.68; L/W: 1.4–1.5 87–90

Phoxinus phoxinus 5 3, 11 55–81 L: 0.85–1.25; W: 0.56–0.98; L/W: 1.2–1.5 91–95

Rhodeus amarus 5 5 84–95 L: 1.22–1.45; W: 1.07–1.24; L/W: 1.0–1.3 96–100

Rutilus rutilus 14 1, 3 116–242 L: 1.67–3.01; W: 1.29–2.57; L/W: 1.2–1.4 101–114

Scardinius
erythrophthalmus

3+1 ex IRSNB 3, 9 115–240 L: 1.78–2.67; W: 1.19–2.04; L/W: 1.3–1.5 115–117, 165

Tinca tinca 6 2, 4 100–106; 370 L: 1.38–1.61; 3.39; W: 1.01–1.26; 2.46; L/W:
1.2–1.4 118–123

Barabatula barbatula 12 2, 10, 11 70–109 L: 0.70–0.97; W: 0.59–0.83; L/W: 1.0–1.3 124–135



Genus Abramis Cuvier, 1816
Abramis bjoerkna (Linnaeus, 1758)
Fig. 4.

Material and dimensions.—See Table 2.

Description.—The general shape is semicircle−like in the an−
terior portion and tapering to a rounded tip in the posterior
portion. In the largest specimens (Fig. 4C, D), all edges are
well developed; but the antero− and posteromedial edges are
rounded and rather indistinct in the smaller lapilli. In all spe−
cimens, the anterolateral edge is well developed, whereas the
posterolateral edge is less pronounced, but also distinct. The
medial margin is more or less straight in the large specimens
and faintly rounded in the smaller ones. The posterior and
lateral margins are oblique and may be slightly crenulated.
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Table 3. Summary of the morphological characters of the investigated Recent and fossil lapilli. + = character is less developed, ++ = character is well
developed, (F) = fossil species, j = juvenile specimen.

character
species

antero−
medial
edge

postero−
medial
edge

antero−
lateral
edge

postero−
lateral
edge

minerali−
zation area incision

convexity
of cranial

umbo

length/
width−ra−

tio
Abramis bjoerkna + + ++ ++ ++ ++ ++ 1.4–1.5
Abramis brama ++ + ++ ++ ++ + + 1.3–1.4
(F) aff. Abramis sp.
vel aff. Alburnus sp. + or ++ + ++ ++ absent or + ++ absent or + 1.3–1.4

Alburnoides bipunctatus ++ ++ + ++ + + + 1.3–1.5
(F) aff. Alburnoides sp. ++ ++ + ++ + ++ ++ 1.3–1.4

Alburnus alburnus + or ++ + ++ ++ + + or ++ absent or
+, ++ 1.3–1.5

Aspius aspius ++ + ++ ++ ++ ++ ++ 1.2

Barbus barbus ++ + ++ ++ ++ ++ + 1.4–1.7 (j:
1.2)

(F) aff. Barbus sp. ++ absent ++ ++ + ++ +
Carassius auratus / C. cf. gibelio absent absent ++ ++ absent absent + 1.4–1.5
Carassius cf. carassius ++ + ++ ++ + + + 1.2
Chondrostoma nasus ++ ++ ++ ++ ++ ++ ++ 1.3–1.4
Cyprinus carpio + absent ++ ++ absent absent + 1.7

Gobio gobio ++ absent or + ++ ++ absent or + absent or
++ absent or + 1.3–1.5

Leucaspius delineatus + + + + absent absent + 1.0–1.3
Leuciscus spp. ++ ++ ++ ++ ++ ++ ++ 1.3–1.6
(F) cf. Leuciscus sp. ++ + ++ + ++ ++ ++
(F) Palaeoleuciscus sp. + or ++ ++ ++ ++ + ++ ++ 1.3–1.4
Phoxinus phoxinus + + ++ ++ absent or + absent + 1.2–1.5
(F) aff. Phoxinus sp. + + ++ ++ absent + or ++ ++ 1.2–1.3

Rhodeus amarus ++ absent, +
or ++ ++ ++ absent or + absent or + ++ 1.0–1.3

Rutilus rutilus + ++ ++ ++ ++ ++ ++ 1.2–1.4
Scardinius erythrophthalmus ++ ++ ++ ++ ++ ++ ++ 1.3–1.5
(F) aff. Rutilus sp. vel aff. Scardinius sp. ++ ++ ++ ++ ++ + or ++ ++ 1.2–1.3

Tinca tinca
absent, +

or ++ + ++ ++ ++ + ++ 1.2–1.4

(F) Palaeotinca moeddeni ++ + or absent ++ ++ absent + or ++ ++ 1.2
(F) Palaeotinca sp. 1 ++ + or ++ ++ ++ ++ ++ ++ 1.3–1.5
Barbatula barbatula + absent or + absent or + ++ absent or + absent or + absent or + 1.0–1.3
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Fig. 4. Utricular otoliths (lapilli) of Recent Abramis bjoerkna (Linnaeus, 1758)
from wild catches in Germany. A, B, D. BSPG 2003 IV 161, 43, and 41 re−
spectively, in dorsal (A, B and D1 are mirrored) and anterior (D2) views.
C. BSPG 2003 IV 42 in ventral view. All lapilli are represented as right ones,
except for C and D2, which are represented as left ones (C is mirrored).
SEM−pictures (C, D), digital photographs (A, B).



Abramis brama (Linnaeus, 1758)
Fig. 5.

Material and dimensions.—See Table 2.

Description.—The general shape is elongate to ovate or al−
most rhombic. The anteromedial and anterolateral edges are
similarly developed, rounded and well pronounced. The small
posteromedial edge is situated near the posterior end of the
lapillus. This is also the case for the posterolateral edge that is
represented by a pointed tip. In most specimens, the medial
margin is bent and undulated in such a way that an additional
edge in the middle of the medial margin appears. However, the
medial margin may also be almost smooth. The posterior mar−
gin is short and displays a distinct concavity. The lateral mar−
gin can be smooth or slightly crenulated. It is generally straight
but may be also rounded (Fig. 5G).

Genus Alburnoides Jeitteles, 1861
Alburnoides bipunctatus (Bloch, 1782)
Fig. 6.

Material and dimensions.—See Table 2.

Description.—The general shape resembles a trapezium. All
edges are strongly accentuated except the anterolateral edge,
which is small and rounded. The anteromedial edge is ex−
tended robustly in some specimens (Fig. 6D, E). The medial
margin is straight to slightly concave and runs somewhat
oblique or parallel to the length of the lapillus. The posterior
margin is concave, and the lateral margin is rounded.

Genus Alburnus Rafinesque, 1820
Alburnus alburnus (Linnaeus, 1758)
Fig. 7.

Material and dimensions.—See Table 2.

Description.—The general shape ranges from elongate−ovate
to wide−ovate and may also be somewhat angular. The antero−
and posteromedial edges are small and rounded. In most
lapilli, the antero− and posterolateral edges are distinctly pro−
nounced; in general, the posterolateral edge is forming the
pointed posterior end of the lapillus (e.g., Fig. 7F, H1, I). The
medial and the posterior margins are slightly concave or
rounded, respectively; some specimens (Fig. 7A) display a
strong concavity of the posterior margin. In contrast, the late−
ral margin is straight in most specimens.

Remarks.—The lapilli illustrated in Fig. 7E–G1 display a more
or less angular cranial umbo with a laterally pointing process.
Nearly all lapilli show this peculiar character, but it is best pro−
nounced on the lapilli from the ponds at Wielenbach.

Genus Aspius Agassiz, 1832
Aspius aspius (Linnaeus, 1758)
Fig. 8.

Material and dimensions.—See Table 2.

Description.—The general shape is ovate in the anterior part
and more or less rectangular in the posterior part. The antero−
medial edge is prominent, whereas the posteromedial edge is
indistinct. The posterolateral edge is well pronounced, and
the anterolateral edge is small and pointed. The medial, the

290 ACTA PALAEONTOLOGICA POLONICA 51 (2), 2006

0.5 mm

a p

m

l

d

l

Fig. 5. Utricular otoliths (lapilli) of Recent Abramis brama (Linnaeus,
1758) from wild catches in Germany. A. BSPG 2003 IV 1a in dorsal (A1)
and anterior (A2) views. B. BSPG 2003 IV 9 in dorsal view. C. BSPG 2003
IV 2a in ventral view. D–I. BSPG 2003 IV 6, 7, 12, 8, 1b, 2b respectively,
mirrored, in dorsal views. All lapilli are represented as right ones except C,
which is represented as left lapillus (mirrored). A, H and C, I display lapilli
pairs. SEM−pictures (A–C), digital photographs (D–I).
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Fig. 6. Utricular otoliths (lapilli) of Recent Alburnoides bipunctatus (Bloch,
1782) from wild catches in Germany. A. BSPG 2003 IV 15b in dorsal (A1,
represented as right lapillus, mirrored) and anterior (A2, represented as left
lapillus) views. B. BSPG 2003 IV 15a in ventral view represented as left
lapillus (mirrored). C–E. BSPG 2003 IV 13, 17, and 16 respectively, in dor−
sal views, represented as right lapilli (mirrored). A, B display a lapilli pair.
SEM−pictures (A, B), digital photographs (C–E).



posterior and the lateral margin are rather straight and crenu−
lated, thus forming the almost rectangular posterior part of
the lapillus.

Genus Barbus Cuvier, 1816
Barbus barbus (Linnaeus, 1758)
Fig. 9.

Material and dimensions.—See Table 2.

Description.—The general shape is rounded to quadratic
in the anterior portion and strongly tapering posteriorly. Thus,

the shape may resemble a hook. The anteromedial edge is a
small hump and placed closely to the anterior margin. The
antero− and posterolateral edges are angular and prominent.

Remarks.—Regarding the irregular curvature of the medial
margin, it is not clear where the posteromedial edge should
be located. Besides the special general shape, the deep inci−
sion is a significant character.

Genus Carassius Nilsson, 1832
Carassius auratus (Linnaeus, 1758)
Fig. 10E.
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Fig. 7. Utricular otoliths (lapilli) of Recent Alburnus alburnus (Linnaeus, 1758) from wild catches in Germany. A–G, I. BSPG 2003 IV 23, 25, 26, 28, 30,
31, 35, and 22 respectively, in dorsal views, showing its range of morphological diversity; except D2 and G2, which are in ventral views. H. BSPG 2003 IV
27 in dorsal (H1) and anterior (H2) views. All lapilli are represented as right ones, except D2, H2, and G2, which are represented as left lapilli (A–D1, E–G1,
H1 are mirrored). SEM−pictures (D2, G2, H, I), digital photographs (A–D1, E–G1).
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Fig. 8. Utricular otoliths (lapilli) of Recent Aspius aspius (Linnaeus, 1758)
from a wild catch in Germany. A. BSPG 2003 IV 36b in dorsal (A1) and an−
terior (A2) views. B. BSPG 2003 IV 36a in ventral view. A1 is represented
as right lapillus (mirrored) while A2 and B (mirrored) are represented as left
lapilli. A, B display a lapilli pair. SEM−pictures.
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Fig. 9. Utricular otoliths (lapilli) of Recent Barbus barbus (Linnaeus, 1758)
from wild catches in Germany. A, B, D. BSPG 2003 IV 39, 40, and 37 re−
spectively, represented as right lapilli, in dorsal (A, B1, D) and anterior (B2)
views (A and D mirrored). C. BSPG 2003 IV 38 represented as left lapillus
in ventral view. SEM−pictures (A−C), digital photographs (D).
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Fig. 10. Utricular otoliths (lapilli) of Recent Carassius. A–C, F. Carassius cf.
carassius (Linnaeus, 1758) from wild catches in Germany. A–C. BSPG 2003
IV 48b, 47, 48a respectively, in dorsal (A, B) and ventral (C) views. F. BSPG
2003 IV 46 in dorsal (F1) and anterior (F2) views. All lapilli, except F2, are
represented as right ones (A–C, F1 are mirrored); F2 is represented as left
lapillus. A, C display a lapilli pair. D. Carassius cf. gibelio (Bloch, 1782)
from a wild catch in Germany, BSPG 2003 IV 44, in dorsal (D1) and anterior
(D2) views, represented as right lapillus. E. Carassius auratus (Linnaeus,
1758) from breeding station, BSPG 2003 IV 162, in dorsal view, represented
as right lapillus (mirrored). SEM−pictures (B–F), digital photographs (A).



Carassius cf. carassius (Linnaeus, 1758)
Fig. 10A–C, F.

Carassius cf. gibelio (Bloch, 1782)
Fig. 10D.

Material and dimensions.—See Table 2.

Description.—The general shape can be best described as an
irregular rhombohedron. The edges are pronounced; only the
posteromedial edge may be absent or weakly developed.

The lapilli of C. cf. carassius (Fig. 10A, B, F1) are espe−
cially well characterised because of their rhomboheric sym−
metry and the distinct concavity in the middle of the medial
margin.

Genus Chondrostoma Agassiz, 1832
Chondrostoma nasus (Linnaeus, 1758)
Fig. 11.

Material and dimensions.—See Table 2.

Description.—The general shape is wide−ovate. It is rounded
like a semicircle in the anterior portion and more or less trape−
zoid in the posterior part. The edges are rounded and distinctly
visible. The medial and lateral margins are nearly straight or
slightly convex and crenulated. The posterior margin is crenu−
lated and may display a distinct concavity (e.g., Fig. 11A1).

Genus Cyprinus Agassiz, 1832
Cyprinus carpio (Linnaeus, 1758)
Figs. 1A4, A5, B1, 12.

Material and dimensions.—See Table 2.

Description.—The shape is elongate−cuneiform. The postero−
lateral edge is clearly marked and forms a pointed tip, whereas,
in general, the other edges are only weakly developed.

Remarks.—The lapillus illustrated in Fig. 12B corresponds
well with such of Cyprinus carpio from the Salton Sea that
have been described and figured in Martini and Reichen−
bacher (1993). Unfortunately it is not known if the fish be−
longing to the lapillus of Fig. 12B was a wild carp or a breed−
ing carp. However, lapilli from an adult breeding carp (Fig.
12A, C) show irregularly crenulated margins and thus differ
from the lapilli of the Salton Sea−carps. During the final pre−
paration of the present paper, we had the opportunity to get
additional subadult specimens of breeding carps (this mate−
rial is not included in Table 2). Their lapilli all display a
prominent crenulation of the margins. Thus it can be sug−
gested that the irregular crenulation of the lapillus margins
may origin from breeding effects.

Genus Gobio Linnaeus, 1758
Gobio gobio (Linnaeus, 1758)
Fig. 13.

Material and dimensions.—See Table 2.

Description.—The general shape is kidney−like. The mar−
gins are straight or slightly rounded. The anteromedial edge

is rounded but clearly visible. In contrast, the posteromedial
edge is weakly pronounced (Fig. 13B, C) or nearly absent
(Fig. 13A1, F). The anterolateral edge is well developed and
slightly pointed. This is also the case for the posterolateral
edge that forms the posterior tip of the lapillus.
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Fig. 11. Utricular otoliths (lapilli) of Recent Chondrostoma nasus (Lin−
naeus, 1758) from wild catches in Germany. A. BSPG 2003 IV 50 in dorsal
(A1) and anterior (A2) views. C. BSPG 2003 IV 49 in dorsal view. Both rep−
resented as right lapilli (C mirrored). B. BSPG 2003 IV 51 in ventral view,
represented as left lapillus. SEM−pictures (A, B), digital picture (C).
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Fig. 12. Utricular otoliths (lapilli) of Recent Cyprinus carpio (Linnaeus,
1758) from breeding stations in Germany. A. BSPG 2003 IV 52a in ventral
view, represented as left lapillus (mirrored). B. BSPG 2003 IV 164 in dorsal
view, represented as right lapillus. C. BSPG 2003 IV 52b in dorsal view,
represented as right lapillus and mirrored (C1) and in anterior view, repre−
sented as left lapillus (C2). A, C, display a lapilli pair. SEM−pictures (A, C),
digital picture (B).
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Fig. 13. Utricular otoliths (lapilli) of Recent Gobio gobio (Linnaeus, 1758)
from wild catches in Germany. A, B, D–F. BSPG 2003 IV 57, 54, 59, 55,
and 58 respectively, represented as right lapilli (D–F mirrored) in dorsal
(A1, B, D–F) and anterior (A2) views. C. BSPG 2003 IV 56 in ventral view,
represented as left lapillus (mirrored). SEM−pictures (A–C), digital pictures
(D–F).



Genus Leucaspius Heckel and Kner, 1858
Leucaspius delineatus (Heckel, 1843)
Fig. 14.

Material and dimensions.—See Table 2.

Description.—The general shape is wide−ovate. The four
edges are weakly pronounced and widely rounded.

Genus Leuciscus Cuvier, 1816
Leuciscus cephalus (Linnaeus, 1758)
Fig. 15A–G.

Leuciscus idus (Linnaeus, 1758)
Fig. 15P–R.

Leuciscus leuciscus (Linnaeus, 1758)
Fig. 15H–K.

Leuciscus souffia Risso, 1826
Fig. 15L–O.

Material and dimensions.—See Table 2.

Description.—The general shape of the four investigated
Leuciscus species is ovate to rectangular with a steeply drop−
ping posterior margin. The regular shape is generated by the
medial and lateral margins that run bilaterally symmetrical to
each other and by the vertical posterior margin. In all species,
the edges are generally well developed.

Remarks.—The lapilli of L. idus differ from the three other
Leuciscus species because of their pointed, strongly marked

anterolateral edge, whereas the anteromedial edge is only
weakly developed.

Genus Phoxinus Rafinesque, 1820
Phoxinus phoxinus (Linnaeus, 1758)
Fig. 16.

Material and dimensions.—See Table 2.

Description.—The general shape is ovate with the posterior
portion tapering and slightly pointed. The antero− and the
posterolateral edges are pointed and slightly better developed
than the more rounded antero− and posteromedial edges. All
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Fig. 14. Utricular otoliths (lapilli) of Recent Leucaspius delineatus (Heckel,
1843) from breeding stations in Germany. A. BSPG 2003 IV 63b in dorsal
view, represented as right lapillus, and mirrored (A1) and in anterior view,
represented as left lapillus (A2). B. BSPG 2003 IV 63a in ventral view, repre−
sented as left lapillus (mirrored). C. BSPG 2003 IV 62 in dorsal view, repre−
sented as right lapillus (mirrored). A, B display a lapilli pair. SEM−pictures
(A, B), digital picture (C).
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Fig. 15. Utricular otoliths (lapilli) of Recent Leuciscus from wild catches in Germany. A–G. L. cephalus (Linnaeus, 1758), BSPG 2003 IV 72, 68, 74b, 65,
74a, 69, and 71 respectively, in dorsal (A–C, D1, F, G), anterior (D2), and ventral (E) views. All lapilli, except E, are represented as right ones (A–C, F, are
mirrored). E is represented as left lapillus (mirrored). C, E display a lapilli pair. H–K. L. leuciscus (Linnaeus, 1758), BSPG 2003 IV 81, 82, 80, and 84 re−
spectively, in dorsal (H1, K), anterior (H2), and ventral (I, J) views. H1 and K are represented as right lapilli (mirrored). H2, I, and J are represented as left
lapilli. L–O. L. souffia Risso, 1826, BSPG 2003 IV 87b, 87a, 89, and 90 respectively, in dorsal (L1, N, O), anterior (L2), and ventral (M) views. L1, N, and O
are represented as right lapilli (L is mirrored). L2 and M are represented as left lapilli (M is mirrored). L, M display a lapilli pair. P–R. L. idus (Linnaeus,
1758), BSPG 2003 IV 75, 76, and 77 respectively, in dorsal (P, R1), anterior (R2), and ventral (Q) views. P and R are represented as right lapilli. Q is repre−
sented as left lapillus. SEM−pictures (D, E, G–I, L, M, P–R), digital pictures (A–C, F, J, K, N, O).



margins are faintly rounded, except the posterior margin,
which is straight (Fig. 16A1, B1) or slightly undulating (Fig.
16C, D).

Genus Rhodeus Agassiz, 1832
Rhodeus amarus (Bloch, 1782)
Fig. 17.

Material and dimensions.—See Table 2.

Description.—The general shape is trapezoid in the posterior
portion and more elongated and rounded in the anterior por−
tion. All edges are regularly and well developed, except the
posteromedial edge, which is variable and also may be ab−
sent (e.g., Fig. 17A1). The medial, lateral, and posterior mar−
gins are more or less straight.

Genus Rutilus Rafinesque, 1820
Rutilus rutilus (Linnaeus, 1758)
Fig. 18.

Material and dimensions.—See Table 2.

Description.—The general shape is trapezoid in the posterior
portion and more elongated and rounded in the anterior por−
tion. The anteromedial edge is rounded or slightly pointed
and well developed. The posteromedial and −lateral edges are
angular and thus more prominent. The most prominent edge
is the anterolateral one, which is a strong projection of the lat−
eral margin. The medial margin is variable and may be
rounded (Fig. 18A), straight (Fig. 18I, J), concave (Fig.
18B), or crenulated (Fig. 18C, D). The posterior margin is
generally straight and undulated. The lateral margin is also
straight but more or less smooth.

Genus Scardinius Bonaparte, 1837
Scardinius erythrophthalmus (Linnaeus, 1758)
Fig. 19.

Material and dimensions.—See Table 2.

Description.—The general shape is trapezoid in the posterior
portion and semicircular in the anterior portion. The four
edges are well developed. The medial and lateral margins of
the smaller lapillus (Fig. 19C) run straight and regularly. In
contrast, those margins curve irregularly in the larger lapilli
(Fig. 19A, B). The posterior margin reveals a distinct con−
cavity in all specimens. The concavity is situated in the mid
of the posterior margin in the smaller lapillus, but close to the
posteromedial edge in the larger lapilli.

Genus Tinca Cuvier, 1816
Tinca tinca (Linnaeus, 1758)
Fig. 20.

Material and dimensions.—See Table 2.

Description.—The general shape is elongate−rhombic. The
anteromedial edge is the most prominent edge, even in small
specimens (Fig. 20B, D, E), whereas the posteromedial edge
is absent or very small. The posterolateral edge is distinct and
forms the posterior tip of the lapillus, also the anterolateral
edge is well developed. The lapillus illustrated in Fig. 20A
shows a prominent cut in the middle of the medial margin
and strongly crenulated rims.

Family Balitoridae Swainson, 1839
Genus Barbatula Linck, 1790
Barbatula barbatula (Linnaeus, 1758)
Fig. 21.

Material and dimensions.—See Table 2.

Description.—The general shape is drop−like. Only the
posterolateral edge is well developed in all specimens.
However, these lapilli are best characterised by their pecu−
liar general shape.
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Fig. 17. Utricular otoliths (lapilli) of Recent Rhodeus amarus (Bloch, 1782)
from wild catches in Germany. A. BSPG 2003 IV 99, in dorsal view, repre−
sented as right lapillus, mirrored (A1) and in anterior view, represented as
left lapillus (A2). B, D, E. BSPG 2003 IV 98a, 100, and 97 respectively, in
dorsal views, represented as right lapilli (E mirrored). C. BSPG 2003 IV
98b in ventral view, represented as left lapillus. B, C display a lapilli pair.
SEM−pictures (A–C), digital photographs (D, E).

0.5 mm a p

m

l

d

l

d

m

Fig. 16. Utricular otoliths (lapilli) of Recent Phoxinus phoxinus (Linnaeus,
1758) from wild catches in Germany. A. BSPG 2003 IV 91 represented as
right lapillus in dorsal (A1) and anterior (A2) views. B. BSPG 2003 IV 95 in
dorsal view, represented as right lapillus, mirrored (B1) and in anterior
view, represented as left lapillus (B2). C, D. BSPG 2003 IV 94b and 94a re−
spectively, in ventral views, represented as left lapilli (D mirrored). C, D
display a lapilli pair. SEM−pictures.



Morphological description of the
lapilli of the fossil species
Table 4 summarizes the relevant data for the studied fossil
species, and shows the dimensions of the lapilli. As it was
done for the Recent species, the following descriptions relate
to the dorsal view of the lapillus, and concentrate on the cur−
vature of the margins and the strength of the four edges. The
development of the mineralization area, incision, and cranial
umbo is shown in Table 3.

Genus Abramis Cuvier, 1816 vel genus Alburnus
Rafinesque, 1820
aff. Abramis sp. vel aff. Alburnus sp.
Fig. 22.

1988 Cyprinidae gen. indet. sp. 1; Reichenbacher 1988: 10, figs. 4, 5.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The antero− and posterolateral edges are dis−
tinctly developed with the posterolateral edge forming the
slightly pointed posterior end of the lapillus. The postero−
medial edge of the fossil specimens corresponds well to the
additional medial edge in the Recent Abramis brama−lapilli
(Fig. 5). The obliquely running lateral margin is straight or
convex. The incision is rather wide. However, these fossil
lapilli are similar to those of Recent Abramis brama, but also
resemble Recent Alburnus alburnus, especially when com−
pared with lapilli from juveniles (see Fig. 7C, D). They can
be discriminated from the similarly shaped lapilli of Abramis
bjoerkna because of the absent cranial umbo.

Remarks.—No pharyngeal teeth of Abramis or Alburnus spe−
cies have been found among the fossils of the localities
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Fig. 19. Utricular otoliths (lapilli) of Recent Scardinius erythrophthalmus
(Linnaeus, 1758) from wild catches in Germany. A. BSPG 2003 IV 165 in
dorsal view, represented as right lapillus, mirrored. B. BSPG 2003 IV 116
represented as right lapillus in dorsal (B1) and anterior (B2) views. C. BSPG
2003 IV 115 in ventral view, represented as left lapillus. All SEM−pictures.
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Fig. 20. Utricular otoliths (lapilli) of Recent Tinca tinca (Linnaeus, 1758)
from wild catches in Germany. A. BSPG 2003 IV 123b in dorsal view, rep−
resented as right lapillus, and mirrored (A1) and in anterior view, repre−
sented as left lapillus (A2). B. BSPG 2003 IV 121 in dorsal view, repre−
sented as right lapillus, mirrored (B1) and in anterior view, represented as
left lapillus (B2). C–E. BSPG 2003 IV 123a, 122, and 119 respectively, in
ventral views, represented as left lapilli (C, D mirrored). A, C display a
lapilli pair. SEM−pictures (A–C, E), digital photograph (D).
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Fig. 18. Utricular otoliths (lapilli) of Recent Rutilus rutilus (Linnaeus, 1758) from wild catches in Germany. A–E, I, J. Series of lapilli BSPG 2003 IV 105,
102b, 110, 101, 111, 114, and 113 respectively, in dorsal (A–E1, I, J) and anterior (E2) views, illustrating range of their morphological variability; B–D, I, J
are mirrored. F–H. BSPG 2003 IV 102a, 103a, and 103b respectively, in ventral views, represented as left lapilli, F, H are mirrored. B, F and G, H each dis−
play a lapilli pair. SEM−pictures (A–H), digital photographs (I, J).



Illerkirchberg and Le Locle. Instead, teeth belong to Palaeo−
carassius sp. and Palaeoleuciscus sp. in Illerkirchberg (Gau−
dant et al. 2002; Reichenbacher et al. 2004a) and to species
of Palaeocarassius, Palaeoleuciscus, and Rutilus vel Scardi−
nius in Le Locle (Gaudant et al. 2002; Madelaine Böhme,
personal communication 2004).

Genus Alburnoides Jeitteles, 1861
aff. Alburnoides sp.
Fig. 23.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The lapilli are characterised by their stron−
gly extended anteromedial edge, which is displaced to−
wards the cranium, the minor anterolateral edge, and the
shallow incision. Similar to lapilli of Alburnoides bipunc−
tatus (Fig. 6), the medial margin is straight to slightly
concave and runs more or less parallel to the maximal
length of the lapillus.

Genus Barbus Cuvier, 1816
aff. Barbus sp.
Fig. 24.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The lapilli resemble the Barbus−type (Fig. 9)
because of the peculiarity of its edges: The anteromedial
edge occurs close to the anterior margin, the antero− and
posterolateral edges are pointed, and the posteromedial edge
is absent. In addition, the incision is deeply incised like in
Barbus barbus. However, the general shape of the fossil
lapilli is not tapering posteriorly as it was observed in B.
barbus.

Genus Leuciscus Cuvier, 1816
cf. Leuciscus sp.
Fig. 25.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The lapilli display a Leuciscus−like (Fig. 15)
regular shape with the medial and lateral margins bilaterally
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Fig. 22. Miocene lapilli of aff. Abramis sp. vel aff. Alburnus sp. A–F. BSPG
2003 IV 30–35 respectively, in dorsal views, represented as right lapilli,
mirrored, from middle Miocene of Le Locle (Switzerland) S1/15.2–15.45
m (A, B) and S3/16.4–16.6 m (C), and early Miocene of Illerkirchberg
(Germany), no. 18 (D–F). G. BSPG 2003 XVIII 36 from early Miocene of
Illerkirchberg (Germany), no. 18 in ventral view, represented as left lapil−
lus. SEM−pictures.
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Fig. 23. Middle Miocene lapilli of aff. Alburnoides sp. from Switzerland.
A–C. BSPG 2003 XVIII 37–39 respectively, from Le Locle S3/16.4–16.6
m (A) and S1/15.2–15.45 m (B, C), in dorsal views, represented as right
lapilli, mirrored. SEM−pictures.
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Fig. 21. Utricular otoliths (lapilli) of Recent Barbatula barbatula (Linnaeus, 1758) from wild catches in Germany. A, D, F. BSPG 2003 IV 135, 133,
and 126 respectively, in ventral views, represented as left lapilli (mirrored). B, C. BSPG 2003 IV 127 and 128 respectively, in dorsal views, represented
as right lapilli (B mirrored). E. BSPG 2003 IV 132, represented as right lapillus in dorsal (E1) and anterior (E2) views. SEM−pictures (A, B, E, F), digi−
tal photographs (C, D).



symmetrical to each other and with a prominent cranial
umbo. The anterolateral and anteromedial edges are well de−
veloped and occur opposite to each other. However, these
fossil lapilli reveal a rounded posterior margin whereas in the
lapilli of Recent Leuciscus species the posterior margin is
always steeply inclined.

Genus Palaeoleuciscus Obrhelova, 1969
Palaeoleuciscus sp.
Fig. 26.

2003 “Cyprinidarum” sp.; Sach et al. 2003: 13, pl. 3: 1–4.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—These lapilli are similar to the cf. Leuciscus−
type as described above. They differ in the position of the
anterolateral and anteromedial edges that are not opposite to
each other because the anterolateral edge is displaced poste−
riorly and the anteromedial edge switched anteriorly. Fur−
thermore, some of the fossil lapilli show a slightly pointed or
rounded posterior margin, which is not the case in Leuciscus
spp. and in cf. Leuciscus sp. The largest lapilli (length > 1.4
mm) display a distinctive cranial umbo, but smaller lapilli
(length about 1 mm or less) may show only a slight convexity
instead of a cranial umbo.

Remarks.—At least one Palaeoleuciscus species is known
from both localities (Le Locle, Wannenwaldtobel) because
of its characteristic pharyngeal teeth (Gaudant et al. 2002;
Sach et al. 2003). Sach et al. (2003) discriminated two lapilli
morphotypes due to the more rounded general shape of the
one type and the elongate shape of the second type (morpho−
types A and B). Possibly, these morphotypes represent dif−
ferent Palaeoleuciscus−species.

Genus Palaeotinca Obrhelova, 1969
Palaeotinca moeddeni sp. nov.
Fig. 27.
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Fig. 24. Middle Miocene lapilli of aff. Barbus sp. from Turkey. A, B. BSPG
2003 XVIII 40 and 41 respectively, from Sofça KS4/340 (A) and V717 (B)
in dorsal views, represented as right lapilli. C. BSPG 2003 XVIII 42 from
Sofça KS4/340 in ventral view, represented as left lapillus, and mirrored.
SEM−pictures.
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Fig. 25. Middle Miocene lapilli of cf. Leuciscus sp. from Turkey. A–C.
BSPG 2003 XVIII 43, 44, and 45 respectively, from Sofça KS4/340 (A, C)
and V719 (B) in dorsal views, represented as right lapilli (B mirrored).
D. BSPG 2003 XVIII 46 from Sofça KS4/340 in ventral view, represented
as left lapillus. SEM−pictures.
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Fig. 26. Middle Miocene lapilli of Palaeoleuciscus sp. from Switzerland.
A–D. BSPG 2003 XVIII 47–50 respectively, from Le Locle S1/15.2–15.45
m (A, D), S3/22–23 m (B), and S2/22.1–22.5 m (C) in dorsal views, repre−
sented as right lapilli (C, D mirrored). SEM−pictures.

Table 4. The relevant data for the fossil species: amount, measurements, inventory numbers of the lapilli, and presence of additional fossil material
(found together with the lapilli). See Table 1 for the localities and the references. BSPG = Bayerische Staatssammlung für Paläontologie und
Geologie (Bavarian State Collection for Palaeontology and Geology); SMNS = Staatliches Museum für Naturkunde, Stuttgart (State Museum of
Natural History). L = length of lapillus, W = width of lapillus, L/W = ratio of length to width.

Fossil species Number
of lapilli Dimensions of lapilli (in mm) Inventory num−

bers
Additional fossil

material
aff. Abramis sp. vel aff. Alburnus sp. 48 L: 0.6–1.3; W: 0.4–0.98; L/W: 1.3–1.5

BSPG
2003
XVIII

30–36 –
aff. Alburnoides sp. 9 L: 0.84–1.09; W: 0.59–0.81; L/W: 1.3–1.4 37–39 –
aff. Barbus sp. 7 L: 0.88–1,08; W: 0.63–0.77; L/W: 1.3–1.5 40–42

pharyngeal teeth
cf. Leuciscus sp. 18 L: 0.89–1.49; W: 0.63–1.20; L/W: 1.2–1.4 43–46
Palaeoleuciscus sp. 59 L: 0.9–1.85; W: 0.65–1.4; L/W: (1.2) 1.3–1.4 (1.6) 47–50
Palaeotinca moeddeni sp. nov. 90 L: 0.75–1.40; W: 0.60–1.0; L/W: 1.2 51–62
Palaeotinca sp. 1 41 L: 0.85–1.91; W: 0.62–1.52; L/W: 1.3–1.5 (1.6) 63–67
aff. Phoxinus sp. 73 L: 0.79–1.43; W: 0.60–1.14; L/W: 1.2–1.3 68–73 –
aff. Rutilus sp. vel aff. Scardinius sp. 66 L: 0.78–1.81; W: 0.62–1.40; L/W: (1.0) 1.2–1.3 74–77 pharyngeal teeth

Tinca micropygoptera 54 L: 1.3–2.46; W: 1.1–1.75; L/W: 1.2–1.4 SMNS 86052 pharyngeal teeth
and skeletons



2000 “genus Cyprinidarum” sp. A; Mödden et al. 2000, pro parte: 349,
figs. 5A, B.

Holotype: BSPG 2003 XVIII 51 (right lapillus), Fig. 27A.

Derivation of the name: This species is dedicated to Dr. Clemens
Mödden (Eltville, Germany). He greatly supported the field studies in
the Mainz Basin.

Type locality: Wolfsheim, 20 km southwest of Mainz in the Mainz Basin
(see Mödden et al. 2000: fig. 1; here Fig. 2A).

Material.—90 lapilli, SMF PO 64053–54, BSPG 2003 XVIII
51–62.

Dimensions and stratigraphic range.—See Tables 1 and 4,
and Fig. 32.

Diagnosis.—Lapilli with a distinct concavity of the posterior
margin, a strongly curving medial margin, and a thickened
middle portion.

Description.—The general shape is rounded with a pointed
posterior end. The strongly developed anteromedial and
anterolateral edges, the distinctly pronounced mineraliza−
tion area, and the distinct cranial umbo of the fossil lapilli
resemble the Recent Tinca tinca (Fig. 20).

Remarks.—The single pharyngeal tooth (Fig. 27L, length:
3 mm, width 1.59 mm) that was found in the locality Wolfs−
heim could be determined as cf. Palaeotinca (Madelaine
Böhme, personal communication 2005). Presently, there are
two Oligocene Palaeotinca species that both were found in
sediments of late Oligocene age: P. macrura (Agassiz, 1843)

from some localities in Germany (Gaudant 1988, as Tar−
sichthys macrurus) and Palaeotinca sp. from the Lower
Freshwater Molasse in Switzerland and Haute−Savoie (Gau−
dant et al. 2002, as Tarsichthys sp.). The pharyngeal tooth of
our new species displays a mastication area that runs more or
less oblique from the terminal hook to the proximal area. In
contrast, P. macrura shows a more curving mastication area
and also a more prominent incision beneath the terminal
hook (see Gaudant et al. 2002: fig. 2). P. moeddeni sp. nov.
is presently the oldest worldwide record of a Palaeotinca
species.

Palaeotinca sp. 1
Fig. 28.

1996 “genus Cyprinidarum” sp.; Reichenbacher and Mödden 1996: 91,
pl. 1: A–M.

2004 cf. Tarsichthys sp.; Reichenbacher 2004, pro parte: 118, pl. 3: 1–2.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The general shape, the prominent antero−
lateral and anteromedial edges, the well developed mineral−
ization area, and the cranial umbo make these lapilli similar
to Palaeotinca moeddeni sp. nov., but the concavity of the
posterior margin is absent, the medial margin is more or less
straight, and the most thickened portion lies anteriorly.
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Fig. 27. Palaeotinca moeddeni sp. nov. from early Oligocene of Wolfsheim (Germany). A–K. Utricular otoliths (lapilli). C, E–G, J, K. BSPG 2003 XVIII 53,
55–57, 60, and 61 respectively, in dorsal views, represented as right lapilli (all mirrored, except for J). A, B, D, H, I. BSPG 2003 XVIII 51 (holotype), 52, 54,
58, 59 respectively, in ventral views, represented as left lapilli (A, D, I mirrored). L. Pharyngeal tooth BSPG 2003 XVIII 62. SEM−pictures.



However, there is some similarity to Tinca micropygoptera
from the Steinheim Basin (see Gaudant 1989, here Fig. 29).

Remarks.—The numerous pharyngeal fish teeth from St.
Donat all belong to the genus Palaeotinca (det. Jean Gaudant
and Madelaine Böhme) and support our attribution of the
otoliths. These teeth were erroneously mentioned as Tar−
sichthys in Reichenbacher (2004). No fish teeth were avail−
able from Göllheim.

Palaeotinca sp. 1 reveals a rather high variability in both
localities. Some specimens are wider and reveal a more trap−
ezoid posterior portion instead of the pointed posterior end
(e.g., Fig. 28A, B). However, intermediate forms are also
present and thus we do not separate these morphotypes. The
observed variability may relate to the brackish conditions
and shifting salinities in both localities.

Genus Phoxinus Rafinesque, 1820
aff. Phoxinus sp.
Fig. 30.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The general shape is rounded with the poste−
rior portion tapering. Similar to lapilli of Recent Phoxinus
phoxinus (Fig. 16), the antero− and the posterolateral edges
are pointed and thus more prominent than the rounded
antero− and posteromedial edges. In addition, the fossil lapilli
present a slight concavity of the posterior margin, which
makes them resemble lapilli of Recent Ph. phoxinus. How−
ever, the fossil lapilli are distinctly thicker than those from
the Recent species.

Genus Rutilus Rafinesque, 1820 vel genus
Scardinius Bonaparte, 1837
aff. Rutilus sp. vel aff. Scardinius sp.
Fig. 31.

Material, dimensions and stratigraphic range.—See Tables
1 and 4, and Fig. 32.

Description.—The lapilli are relatively wide and display a
general shape that is trapezoid in the posterior portion and
rounded to semicircular in the anterior portion. The pro−
nounced anterolateral and anteromedial edges are situated
more or less opposite to each other, and include the maximal
width of the lapillus. Considering the shape and the edges,
the fossil lapilli are comparable with Recent Rutilus rutilus
and Scardinius erythrophthalmus (see Figs. 18, 19), except
for their posterior margin, which is distinctly shorter and in
some specimens slightly rounded. Another typical character
of the fossil lapilli is the obliquely running medial margin
with a more or less prominent posteromedial edge that in−
cludes an angle of about � 90�.

http://app.pan.pl/acta51/app51−283.pdf

SCHULZ−MIRBACH AND REICHENBACHER—RECENT AND FOSSIL CYPRINIFORM OTOLITHS 299

0.5 mm a p

m

l

Fig. 29. Middle Miocene Tinca micropygoptera (Agassiz, 1844) from
Steinheim Basin (Germany). A, C–E. SMNS 86052a, c, d, and e respec−
tively, in dorsal views, represented as right lapilli (A, D, E mirrored).
B. SMNS 86052b in ventral view, represented as left lapillus (mirrored).
SEM−pictures.
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Fig. 30. Oligocene aff. Phoxinus sp. from Switzerland. A–F. BSPG 2003
XVIII 68–73 respectively, from La Morges 161 (A–D) and 70 (E, F) in dor−
sal views, represented as right lapilli (A–E mirrored). SEM−pictures.
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Fig. 31. Middle Miocene aff. Rutilus sp. vel aff. Scardinius sp. A. BSPG
2003 XVIII 74 from Goldberg/Ries (Germany) in dorsal view, represented
as right lapillus. B–D. BSPG 2003 XVIII 75–77 respectively, from Le
Locle (Switzerland) S3/19.0–21.3 m (B) and S3/16.4–16.6 m (C, D) in dor−
sal views, represented as right lapilli (C, D mirrored). SEM−pictures.
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Fig. 28. Early Miocene Palaeotinca sp. 1. A–D. BSPG 2003 XVIII 64–67
respectively, from St. Donat (France) in dorsal views, represented as right
lapilli (C, D mirrored). E. BSPG 2003 XVIII 63 from Göllheim (Germany)
in dorsal view, represented as right lapillus. SEM−pictures.



Results

Table 3 summarizes the most important lapilli characters of
the investigated Recent and fossil species (strength of edges,
presence or absence of mineralization area and incision, con−
vexity of cranial umbo, L/W−index). It is evident from Table
3, as well as from the descriptions and the figures given
above, that the morphological characters should be consid−
ered as a whole to illustrate the characteristic morphology of
the lapillus for a given taxon (= lapillus phenotype). In this
way, discrimination of most of the studied species is possi−
ble. However, the lapilli of some species are rather similar to
each other, which will be discussed in the following.

Leuciscus species: The lapilli of Leuciscus cephalus, L.
idus, L. leuciscus, and L. souffia are strikingly similar and
cannot be separated. Regarding these four species altogether,
they are well separated from other cypriniform species by
means of their elongate, rectangular lapilli with four pro−
nounced edges that are more or less opposite to each other.

Carassius species: The lapilli of Carassius auratus and
C. cf. gibelio are very similar, but they can be well discrimi−
nated from the other studied species by their elongate
rhombohedric shape. The lapilli of C. cf. carassius can be
separated from C. auratus / C. cf. gibelio on the basis of the
concave medial margin (see Fig. 10A, B, F1).

Abramis brama, Alburnus alburnus: The lapilli of these
species reveal much similarity and cannot be separated from
each other. Only in some A. alburnus specimens, the lapilli
are more elongate than such of A. brama (e.g., Fig. 7I–K vs.
Fig. 5). In addition, lapilli of Abramis bjoerkna are similar,
but show a more prominent cranial umbo, and usually are
more elongate (Fig. 4).

Scardinius erythrophthalmus, Rutilus rutilus: The lapilli
of these species are well characterised with regard to the
other studied species due to their wide−rectangular shape
with four pronounced edges. They cannot be separated from
each other.

Furthermore, some cyprinid species were available in
larger numbers (> 10, see Table 2), and thus the intraspecific
variability of the lapillus could be studied. Lapilli with con−
stant morphological characters and low variability were ob−
served in Abramis brama and Rutilus rutilus. In contrast, the
lapilli of Alburnus alburnus and Barbatula barbatula show
considerable variability.

Regarding the studied lapilli of the Recent species, the
lapillus phenotype enables to discriminate two morphologi−
cally defined lapilli groups, which, however, do not cover all
the investigated species. Group 1 includes the ovate−shaped
lapilli that are characterised by the posterolateral edge forming
the posterior tip of the lapillus. This group includes the studied
species of Abramis, Alburnoides, Alburnus, Carassius, Cypri−
nus, Gobio, Phoxinus, and Tinca. Group 2 embraces the rect−
angular−shaped lapilli with a steeply declining posterior mar−
gin and four pronounced edges that are more or less opposite
to each other. The studied species of Leuciscus, Rutilus, Scar−

dinius, and probably Aspius, of which only one specimen was
available, are the members of group 2. The remaining lapilli
belong to the species of Barbus, Chondrostoma, Leucaspius,
Rhodeus, and Barbatula. A discrete lapillus shape character−
ises each of them and they should not be lumped together in a
morphological group.

The most urgent aim of the present study was the taxo−
nomic classification of fossil lapilli that previously could only
be determined as “genus Cyprinidarum” sp. Tables 1 and 4
summarize the fossil species that were identified, and Fig. 32
illustrates their stratigraphic range. The investigated localities
(Fig. 2A) cover the geographic area from the western Mediter−
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Fig. 32. Stratigraphic range of the lapilli−based fossil cyprinid species of the
present study. Stratigraphic scale after Gradstein et al. (2004).



ranean through the Swiss and the South German Molasse
Basin, and additionally the Mainz Basin. One locality is situ−
ated in Anatolia. Some information about the geology, age and
references of these localities is given in Table 1.

The oldest locality is Wolfsheim in the Mainz Basin,
dated by mammals as early Oligocene (Rupelian, MP 24,
Mödden et al. 2000). Wolfsheim has yielded lapilli of aff.
Phoxinus sp. and Palaeotinca moeddeni; the presence of
Palaeotinca is additionally indicated by an isolated pharyn−
geal tooth (Fig. 27L). Lapilli of aff. Phoxinus sp. are still
abundant in the late Oligocene, where they appear in lacus−
trine and oligohaline environments in the Molasse Basin of
western Switzerland (La Morges 70 and 161). Localities of
early Miocene age (Aquitanian) are St. Donat in the Mediter−
ranean realm (Reichenbacher 2004) and Göllheim in the
Mainz Basin (Reichenbacher and Mödden 1996). They both
represent brackish water environments and revealed lapilli of
Palaeotinca sp. 1, which showed a remarkable high varia−
bility. In St. Donat, Palaeotinca is additionally recorded by
means of pharyngeal teeth. Still during the early Miocene
(late Burdigalian), lapilli of aff. Abramis sp. vel aff. Alburnus
sp. appear for the first time, rarely also lapilli of aff. Albur−
noides sp. Both taxa continue up to the middle Miocene
(Sarmatian), where they have been found in the lake sedi−
ments of Le Locle in western Switzerland. Furthermore,
lapilli of Palaeoleuciscus sp. and aff. Rutilus sp. vel aff.
Scardinius sp. appear since the middle Miocene. They are
abundantly present in the middle Miocene of the South Ger−
man and Swiss Molasse Basin, where they were found to−
gether with the respective pharyngeal teeth in most localities
(Gaudant et al. 2002; Böhme and Ilg 2003; Sach et al. 2003).
The first appearance of lapilli of aff. Rutilus sp. vel aff.
Scardinius sp. about 14 Ma ago agrees well with the first re−
port of pharyngeal teeth of Rutilus from a Swiss locality of
the same age (Mettlen 4, Gaudant et al. 2002). Lapilli of
Tinca micropygoptera are only known from the middle Mio−
cene of the Steinheim meteoritic crater−lake, from where the
species is also identified on the basis of skeletons and pha−
ryngeal teeth (Gaudant 1989). The youngest locality, Sofça
in Anatolia, bears a fish fauna of a more modern character
with the cf. Leuciscus type present (instead of Palaeoleucis−
cus), and aff. Barbus appears. Both taxa are again supported
by findings of the respective pharyngeal teeth (Böhme and
Ilg 2003).

Discussion
As explained above, the morphological characters of the
lapillus should be considered altogether to identify the specific
lapillus phenotype of a given cypriniform taxon. This supports
the statement of Assis (2005) that it is the combination of the
morphological characters, which makes the lapillus useful for
the discrimination between taxa. Assis (2005) regarded as
most important characters the general shape of the lapillus, the
morphology of the gibbus maculae (= structured area of the

ventral side) and the prominentia marginalis (= cranial umbo),
and the shape of the linea basalis (which, when visible, bor−
ders the posterior end of the gibbus maculae) and of its inden−
tation. In agreement with Assis (2005), we assess the general
shape (curvature of margins and strength of the four edges)
and the cranial umbo as important characters, but in addition
we observed that also the mineralization area and the incision
may be important characteristics. In contrast to Assis (2005),
we did not detect a distinguishing morphology on the ventral
side of the lapillus. However, this probably results from the
specific topic of our study that focuses only on cypriniform
fish, whereas Assis (2005) studied lapilli from much more
orders and families.

According to the data of Assis (2005), the morphology of
the lapilli is of limited use in the deduction of phylogenetic
relationships at the higher levels of classification, but may
bear some phylogenetic information at the family, genus and
species levels. We agree with Assis (2005) and others, that
the lapillus morphology alone can not be used to postulate
phylogenetic affinities, but that it may contribute additional
information in case of phylogenetic efforts. Therefore we
will discuss briefly the phylogenetic information that might
be indicated by the lapillus phenotype of the studied species.

The similar lapillus morphology of the four Leuciscus
species then would indicate that they form a monophyletic
group. This, however, would contradict the assumption by
means of allozyme data that the same Leuciscus species are
polyphyletic (Hänfling and Brandl 2000). On the other hand,
the statement of Hänfling and Brandl (2000) that Carassius
carassius and C. gibelio are sister species fits well with their
overall similar lapillus phenotype and the slight differences
between C. cf. carassius and C. auratus/C. cf. gibelio (C.
auratus was not investigated by Hänfling and Brandl 2000).
Furthermore, Hänfling and Brandl (2000) regarded Abramis
brama and A. bjoerkna as sister species. This is well sup−
ported by the similar lapilli of both species. However, the
strikingly similar lapillus phenotype of Alburnus alburnus
and Abramis brama does not correspond to the phylogenetic
hypothesis of Hänfling and Brandl (2000: fig. 2), in which A.
alburnus is more closely related to Alburnoides bipunctatus
and Aspius aspius.

It was especially interesting to notice the almost identical
lapillus phenotype of Scardinius erythrophthalmus and Ruti−
lus rutilus. Also the osteology (Howes 1981) and the pharyn−
geal teeth (Böhme 2002) of these species are very similar, and
thus Howes (1981) regarded Scardinius Bonaparte, 1837 as a
younger synonym of Rutilus Rafinesque, 1820. In contrast,
allozyme and DNA sequence data indicate a distinct separa−
tion of Scardinius erythrophthalmus and Rutilus rutilus (Zar−
doya and Doadrio 1999; Hänfling and Brandl 2000). Until
now, it can not be decided if the two species are an excellent
example of convergent evolution (in this case, the allozyme
and DNA sequence data would indicate the “true” phylogen−
etic relation), or if they belong to identical species (in this case,
a new explanation should be found for the different allozyme
and DNA sequence data sets).
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With regard to the different degree of the intraspecific
variability of the lapilli, we suggest that this variability may
relate to the genetic variability of the population. So far, such
relations have hardly been examined, but are known from
sagittae of Aphanius iberus (Valenciennes in Cuvier and Va−
lenciennes, 1846) from Spain (Reichenbacher and Sienk−
necht 2001).

The lapilli of several species were clustered together in the
morphologically defined group 1 and group 2. However, these
groups do not correspond with the established European sub−
families Cyprininae (e.g., Cyprinini and Barbini) and Leuci−
scinae (e.g., Alburnini/Leuciscini, Gobionini, Phoxinini, Tin−
cini). These subfamilies are well defined by their skeletal cha−
racters and pharyngeal teeth (e.g., Cavender 1991; Howes
1991), and also by DNA sequence data (e.g., Zardoya and
Doadrio 1999). It is worth noting that the systematic position
of Tinca was under discussion for a long time. Tinca or the
Tincini moved from the Leuciscinae to the Cyprininae and
vice versa, and also were regarded as incertae sedis (see
Howes 1991 for discussion). It can be suggested that the lapilli
of group 1 may include more primitive and old lineages that
appeared in the Oligocene, like Tincini (Palaeotinca) and
Phoxinini (aff. Phoxinus) (see Cavender 1991; Howes 1991;
Zardoya and Doadrio 1999). The lapilli of group 2 may repre−
sent more modern, younger lineages that did not appear before
the middle Miocene, like cf. Leuciscus and Rutilus (see Gau−
dant et al. 2002).

The taxonomic determination by means of fossil lapilli
has added important new data to the fossil record of cyprini−
form fishes (Fig. 32). The early Oligocene aff. Phoxinus and
Palaeotinca moeddeni each represent the oldest record of a
Phoxinus−related and a Palaeotinca species in Europe (see
Cavender 1991; Böhme 2000). For the first time, aff. Abra−
mis sp. vel aff. Alburnus sp. and aff. Alburnoides sp. had
been identified as fossils. In most of the studied localities,
also pharyngeal teeth were found and supported the determi−
nation of the lapilli (see Table 4). However, there are two
species that do not correspond with the discovery of pharyn−
geal teeth: aff. Abramis sp. vel aff. Alburnus sp. and aff.
Alburnoides sp. In Illerkirchberg, where both taxa have been
found, pharyngeal teeth of Palaeocarassius are present
(Gaudant et al. 2002; Reichenbacher et al. 2004a). Moreover,
Palaeocarassius is a constant element of the European fresh−
water fish fauna of the late early and the middle Miocene
(Gaudant et al. 2002; Böhme and Ilg 2003), but no lapilli re−
sembling Carassius species could be identified in the present
study. Possibly the Palaeocarassius species that is based on
pharyngeal teeth is not an ancestor of the Carassius lineage
but of the Abramis or Alburnus lineage. These so−called
Palaeocarassius teeth may also include the lapillus−based
species of aff. Alburnoides.

Some of the fossil cypriniform species were not restricted
to freshwater habitats but thrived also in slightly brackish en−
vironments with mostly oligohaline salinity. These are aff.
Phoxinus sp., aff. Abramis sp. vel aff. Alburnus sp., and aff.

Alburnoides sp. One species (Palaeotinca sp. 1) was found
only in brackish sediments.

The herein reported fossil species support and comple−
ment the results of Gaudant et al. (2002). Firstly, the Oligo−
cene and Miocene fishes thriving in freshwater and oligo−
haline environments do not show any provincialism, as the
same taxa were found in southern France, throughout the
Molasse Basin, and in the Mainz Basin. Secondly, a promi−
nent faunal turnover happened during the late early Miocene,
about 17–18 Ma ago. Tarsichthys sp. (Gaudant et al. 2002)
and Palaeotinca spp. (this study) were the dominant species
during the Oligocene and the early Miocene. Since the late
early Miocene, these species are absent, and instead Palaeo−
leucisus sp. and Palaeocarassius sp. dominate with the latter
believed to be synonymous with the herein described aff.
Abramis sp. vel aff. Alburnus sp.

Acknowledgements
We thank Erik Bohl (Weilheim, Germany), Ludwig Herauf (Munich,
Germany), Josef Hoch (Landshut, Germany), Manfred Klein (Starn−
berg, Germany), Martin Oberle (Höchstadt an der Aisch, Germany),
Robert Klupp (Bayreuth, Germany), Horst Schaber (Prien, Germany),
Jürgen Schadt (Bayreuth, Germany) and the “Kreisfischereiverein Lan−
dau/Isar” (Germany) for the samples and their valuable comments.
Andreas Kolbinger (Freising, Germany) and Madelaine Böhme (Palae−
ontology Munich, Germany) helped us with the determination of Re−
cent fishes. In addition we are grateful to Madelaine Böhme for the de−
termination of the pharyngeal tooth from Wolfsheim and for her com−
ments on an earlier version of the manuscript. We are indebted to
Nicola Grzan and Bianca Ahlers (both Radiologie Munich) for the per−
formance of the computer tomography of the carp head. Sincere thanks
go to August Ilg (Düsseldorf, Germany), who helped with the prepara−
tion of the Fig. 2A, and to Dirk Nolf (Institut Royal des Sciences
naturelles de Belgique, Brussel, Belgium), who made available some
lapilli from Recent cyprinid species from the collection of the IRSNB,
and also to Ronald Böttcher (Staatliches Museum für Naturkunde,
Stuttgart, Germany) for lending us the lapilli of Tinca micropygoptera.
We thank Dirk Nolf and Gary Stringer (University of Louisiana, Mon−
roe, USA) for the constructive review of the present paper. Finally we
are grateful to Carlos Assis (University of Lisboa, Portugal) for fruitful
discussion and comments. This project was financially supported by
the GeoBioCenter at LMU.

References
Adams, L.A. 1940. Some characteristic otoliths of American Ostariophysi.

Journal of Morphology 66: 497–527.
Agassiz, L. 1832. Untersuchungen über die fossilen Süsswasser−Fische der

tertiären Formationen. Neues Jahrbuch für Mineralogie, Geologie,
Geognostik und Petrefaktenkunde 3: 129–138.

Agassiz, L. 1843 (1833–1843). Recherches sur les poissons fossiles, Vol. 3.
vii + 390 pp. Petitpierre, Neuchâtel and Soleure.

Assis, C.A. 2003. The lagenar otoliths of teleosts: their morphology and ap−
plication in species identification, phylogeny and systematics. Journal
of Fish Biology 62: 1268–1295.

Assis, C.A. 2005. The utricular otoliths, lapilli, of teleosts: their morphol−
ogy and relevance for species identification and systematics studies.
Scientia Marina 69: 259–273.

302 ACTA PALAEONTOLOGICA POLONICA 51 (2), 2006



Berinkey, L. 1956. The taxonomical examination of the otoliths of the
Cyprinidae of Hungary. Annales Historico−Naturales Musei Nationalis
Hungarici 7: 455–462.

Bleeker, P. 1859. Enumeratio specierum piscium hucusque in Archipelago In−
dico observatarum. Acta Societatis ScientiarumIndo−Neerland 6: i–xxxvi
+ 1–276.

Bloch, M.E. 1782. Oekonomische Naturgeschichte der Fische Deutschlands.
128 pp. Hesse, Berlin.

Böhme, M. 2000. Die Cypriniden (Teleostei, Cypriniformes) des oberoligo−
zänen Maares von Enspel nebst Bemerkungen zur Phylogenie und Bio−
geographie der Phoxininae. Paläontologische Zeitschrift 74: 99–112.

Böhme, M. 2002. Freshwater fishes from the Pannonian of the Vienna Basin
with special reference to the locality Sandberg near Götzendorf, Lower
Austria. Courier Forschungsinstitut Senckenberg 237: 151–173.

Böhme, M. and Ilg, A. 2003. fosFARbase, www.wahre−staerke.com/
Bonaparte, C.L. 1832. Iconografia delle fauna italica per le quattro classi

degli animali vertebrati. Tomo III, Fasc. 1. 6 pp. Pesci, Roma.
Bonaparte, C.L. 1837. Iconografia delle fauna italica per le quattro classi

degli animali vertebrati. Tomo III, Fasc. 19–21. 94–103, 105–109.
Pesci, Roma.

Cavender, T.M. 1991. The fossil record of the Cyprinidae. In: I.L. Winfield
and J.S. Nelson (eds.), Cyprinid Fishes, Systematics, Biology and Ex−
ploitation, 34–54. Chapman and Hall, London.

Chaine, J. 1935. Recherches sur les otolithes des poissons. Étude déscriptive
et comparative de la sagitta des téléostéens. Actes Société Linnéenne 87:
1–242.

Chaine, J. 1936. Recherches sur les otolithes des poissons. Étude déscriptive
et comparative de la sagitta des téléostéens. Actes Société Linnéenne 88:
5–246.

Chaine, J. 1937. Recherches sur les otolithes des poissons. Étude déscriptive
et comparative de la sagitta des téléostéens. Actes Société Linnéenne 89:
1–252.

Chaine, J. 1938. Recherches sur les otolithes des poissons. Étude déscriptive
et comparative de la sagitta des téléostéens. Actes Société Linnéenne 90:
5–258.

Chaine, J. and Duvergier, J. 1934. Recherches sur les otolithes des poissons.
Étude déscriptive et comparative de la sagitta des téléostéens. Actes
Société Linnéenne 86: 1–254.

Chaine, J. and Duvergier, J. 1942. Recherches sur les otolithes des poissons.
Étude déscriptive et comparative de la sagitta des téléostéens. Actes
Société Linnéenne 92: 3–133.

Chardon, M. and Vandewalle, P. 1991. Acoustico−lateralis system. In: I.L.
Winfield and J.S. Nelson (eds.), Cyprinid Fishes, Systematics, Biology
and Exploitation, 333–352. Chapman and Hall, London.

Cope, E.D. 1887. Zittel’s Manual of Palaeontology. American Naturalist
21: 1014–1019.

Cuvier, G. 1816. Le Règne Animal distribué d’après son organisation pour
servir de base à l’histoire naturelle des animaux et d’introduction à
l’anatomie comparée. Les reptiles, les poissons, les mollusques et les
annélides. Vol. 2. xviii + 532 pp. Deterville, Paris.

Cuvier, G. and Valenciennes, A. 1846. Histoire naturelle des poissons.
Tome dix−huitième. Suite du livre dix−huitième. Cyprinoïdes. Livre
dix−neuvième. Des Osoces ou Lucioïdes. Vol. 18. xix + 505 pp. Libraire
de la Société Géologique de France, Paris.

Escot, C. and Granado−Lorencio, C. 1998. Morphology of the otoliths of
Barbus sclateri (Pisces: Cyprinidae). Journal of Zoology 246: 89–94.

Fink, S.V. and Fink, W.L. 1996. Interrelationships of Ostariophysan Fishes
(Teleostei). In: M.L. Stiassny, L.R. Parenti, and G.D. Johnson (eds.), In−
terrelationships of Fishes, 209–249. Academic Press, San Diego.

Frisch, K. v. and Stetter, H. 1932. Untersuchungen über den Sitz des
Gehörsinnes bei der Elritze. Zeitschrift für vergleichende Physiologie
17: 686–801.

Frost, G.A. 1925a. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 15: 152–163.

Frost, G.A. 1925b. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 15: 553–561.

Frost, G.A. 1925c. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 16: 433–446.

Frost, G.A. 1926a. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 17: 99–104.

Frost, G.A. 1926b. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 18: 465–482.

Frost, G.A. 1926c. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 18: 483–490.

Frost, G.A. 1927. A comparative study of the otoliths of the neopterygian
fishes. Annals and Magazine of Natural History 19: 439–445.

Gaudant, J. 1988. Mise au point sur l’ichthyofaune Oligocene de Rott,
Orsberg et Stößchen (Allemagne). Comptes Rendus de l’Académie des
Sciences Paris 306: 831–834.

Gaudant, J. 1989. Nouvelles observations sur l’ichthyofaune miocène de
Steinheim am Albuch (Wurtemberg, Allemagne). Stuttgarter Beiträge
zur Naturkunde 151: 1–33.

Gaudant, J., Weidmann, M., Berger, J.−P., Bolliger, T., Kälin, D., and
Reichenbacher, B. 2002. Recherches sur les dents pharyngiennes de
Poissons Cyprinidae de la Molasse d’eau douce oligo−miocène de
Suisse (USM, OSM) et de Haute−Savoie (France). Revue Paléobiologie
21: 371–389.

Gradstein, F., Ogg, J., and Smith, A. (eds.) 2004. A Geologic Time Scale
2004, xix + 589 pp. Cambridge University Press, Cambridge.

Hänfling, B. and Brandl, R. 2000. Phylogenetics of European cyprinids: in−
sights from allozymes. Journal of Fish Biology 57: 265–276.

Heckel, J.J. 1843. Abbildungen und Beschreibungen der Fische Syriens, nebst
einer neuen Classification und Characteristik sämmtlicher Gattungen der
Cyprinen. Süsswasser−Fische Syriens. 109 pp. Schweizerbart, Stuttgart.

Heckel, J.J. and Kner, R. 1858. Die Süsswasserfische der Österreichischen
Monarchie, mit Rücksicht auf die angrenzenden Länder. xii + 388 pp.
Verlag von Wilhelm Engelmann, Leipzig.

Howes, G.J. 1981. Anatomy and phylogeny of the Chinese Major Carps
Ctenopharyngodon Steind., 1866 and Hypophthalmichthys Blkr., 1860.
Bulletin of the British Museum, (Zoology) 41: 1–52.

Howes, G.J. 1991. Systematics and biogeography: an overview. In: I.L.
Winfield and J.S. Nelson (eds.), Cyprinid Fishes, Systematics, Biology
and Exploitation, 1–33. Chapman and Hall, London.

Jeitteles, L.H. 1861. Zoologische Mittheilungen. I. Ueber zwei für die Fauna
Ungarns neue Fische, Lucioperca volgensis Cuv. Val. und Alburnus
maculatus Kessler. Verhandlungen der kaiserlich−königlichen zoolo−
gisch−botanischen Gesellschaft in Wien 11: 323–326.

Koken, E. 1884. Ueber Fisch−Otolithen, insbesondere über diejenigen der
norddeutschen Oligocän−Ablagerungen. Zeitschrift der deutschen geo−
logischen Gesellschaft 36: 500–565.

Kottelat, M. 1997. European freshwater fishes. Biologia 52: 1–271.
Linck, H.F. 1790. Versuch einer Eintheilung der Fische nach den Zähnen.

Magazin für das Neueste aus der Physik und Naturgeschichte 6: 28–38.
Linnaeus, C. 1758. Systema naturae per regna tria naturae, secundum

classes, ordines, genera, species, cum characteribus, differentiis, syno−
nymis, locis. Vol. 1: Regnum animale. Editio decima, reformata. 824
pp. Laurentii Salvii, Stockholm.

Martini, E. 1983. Die Fischfauna von Langenau bei Ulm (Unter−Miozän,
Ottnang−Stufe). Stuttgarter Beiträge zur Naturkunde 91: 1–18.

Martini, E. and Reichenbacher, B. 1993. Fish−remains, especially otoliths,
in Recent shore sediments of the Salton Sea, California. Courier
Forschungsinstitut Senckenberg 201: 277–293.

Menzel, H. and Becker−Platen, J.D. 1981. Otolithen aus dem Tertiär der Türkei
(Känozoikum und Braunkohlen der Türkei). Geologisches Jahrbuch 42:
5–91.

Mödden, C., Schäfer, P., Reichenbacher, B., Schwarz, J., and Kadolsky, D.
2000. Säugetiere, Fisch−Otolithen, Ostracoden, Mollusken und Charo−
phyten aus den Süßwasser−Schichten (Oligozän) von Wolfsheim im
Mainzer Becken. Paläontologische Zeitschrift 74: 343–361.

Müller, J. 1846. Über den Bau und die Grenzen der Ganoiden, und über das
natürliche System der Fische. Physikalisch−Mathematische Abhand−
lungen der königlichen Akademie der Wissenschaften zu Berlin (1845):
117–216.

http://app.pan.pl/acta51/app51−283.pdf

SCHULZ−MIRBACH AND REICHENBACHER—RECENT AND FOSSIL CYPRINIFORM OTOLITHS 303



Nilsson, S. 1832. Prodromus ichthyologiae Scandinavicae. iv + 124 pp.
Literis Berlingianis, Lund.

Nolf, D. 1985. Otolithi piscium. Handbook of Paleoichthyology 10: 1–145.
Nolf, D. 1995. Studies on fossil otoliths—the state of the art. In: D.H. Secor,

J.M. Dean, and S.E. Campana (eds.), Recent Developments in Fish
Otolith Research, 513–544. University of South Carolina Press, Colum−
bia, South Carolina.

Nolf, D. 2004. Otolithes de poissons aptiens du Maestrazgo (province de
Castellon, Espagne oriental). Bulletin de l'Institut Royal des sciences
naturelles de Belgique 74 (Supplement): 101–120.

Nolf, D. and Brzobohaty, R. 2002. Otolithes des poissons du paleocanyon
de Saubrigues (Chattien a Langhien) Aquitaine, France. Revue de
micropaléontologie 45: 261–296.

Obrhelová, N. 1969. Die Karpfenfische des Tchechoslovakischen Süßwasser−
tertiär. Časopis pro mineralogii a geologii 14: 39–52.

Rafinesque, C.S. 1820. Ichthyologia Ohiensis [Part 5]. Western Review and
Miscellaneous Magazine 2: 235–242.

Reichenbacher, B. 1988. Die Fischfauna der Kirchberger Schichten (Unter−
Miozän) an der Typuslokalität Illerkirchberg bei Ulm. Stuttgarter Beit−
räge zur Naturkunde 139: 1–53.

Reichenbacher, B. 1993. Mikrofauna, Paläobiogeographie und Biostratigra−
phie der miozänen Brack− und Süßwassermolasse in der westlichen
Paratethys unter besonderer Berücksichtigung der Fisch−Otolithen. Sen−
ckenbergiana lethaea 73: 277–374.

Reichenbacher, B. 2000. Das brackisch−lakustrine Oligozän und Unter−
Miozän im Mainzer Becken und Hanauer Becken: Fischfaunen, Paläo−
ökologie, Biostratigraphie, Paläogeographie. Courier Forschungsinsti−
tut Senckenberg 222: 1–143.

Reichenbacher, B. 2004. A partly endemic euryhaline fish fauna (otoliths,
teeth) from the Early Miocene of the Aix−Basin (Provence, southern
France). Courier Forschungsinstitut Senckenberg 246: 113–127.

Reichenbacher, B. and Mödden, C. 1996. Biostratigraphie und Paläoökologie
aufgrund von Fisch−Otolithen in den Oberen Cerithienschichten (Unter−
Miozän) bei Göllheim (Mainzer Becken). Mainzer geowissenschaftliche
Mitteilungen 25: 89–110.

Reichenbacher, B. and Schwarz, J. 1997. Charophyten und Otolithen aus
den Cyrenen−Schichten des nördlichen Alpenvorlandes. Paläontolo−
gische Zeitschrift 71: 173–188.

Reichenbacher, B. and Sienknecht, U. 2001. Allopatric divergence and ge−
netic diversity of Recent Aphanus iberus and fossil Prolebias meyeri
(Teleostei, Cyprinodontidae) from Southwest and Western Europe, as
indicated by otoliths. Geobios 34: 69–83.

Reichenbacher, B., Böhme, M., Heissig, K., Prieto, J., and Kossler, A.
2004a. New approach to assess biostratigraphy, palaeoecology and past
climate in the South German Molasse Basin during the Early Miocene
(Ottnangian, Karpatian). Courier Forschungsinstitut Senckenberg 249:
71–89.

Reichenbacher, B., Uhlig, U., Kowalke, T., Bassler, B., Matzke−Karasz, R.,
and Schenk, B. 2004b. Biota, palaeoenvironments and biostratigraphy
of continental Oligocene deposits of the South German Molasse Basin
(Penzberg Syncline). Palaeontology 47: 639–677.

Reichenbacher, B. and Weidmann, M. 1992. Fischotolithen aus der oligo−/
miozänen Molasse der West−Schweiz und der Haute−Savoie (Frankreich).
Stuttgarter Beiträge zur Naturkunde 184: 1–83.

Risso, A. 1827. Histoire naturelle des principales productions de l’Europe
méridionale, et particulièrement de celles des environs de Nice et des
Alpes maritimes. xvi + 480 pp. F.G. Levrault, Paris.

Rivaton, J. and Bourret, P. 1999. Les otolithes des poissons de l’Indo−
Pacifique. Documents Scientifiques et Technique, Volume spécial II (2).
378 pp. Centre IRD (Institut de recherché pour le développement),
Nouméa.

Rückert−Ülkümen, N., Böhme, M., Reichenbacher, B., Heissig, K., Witt, W.,
and Bassler, B. 2002. Die Fossilführung des Ober−Miozän/Unter−Pliozän
Profils von Halitpasa (Manisa, Türkei). Mitteilungen der Bayerischen
Staatssammlung für Paläontologie und Historische Geologie 42: 51–74.

Sach, V., Gaudant, J., Reichenbacher, B., and Böhme, M. 2003. Die Fisch−
faunen der Fundstellen Edelbeuren−Mauerkopf und Wannenwaldtobel
2 (Miozän, Obere Süßwassermolasse, SW−Deutschland). Stuttgarter
Beiträge zur Naturkunde 334: 1–25.

Schwarzhans, W. 1993. A comparative morphological treatise of recent and
fossil otoliths of the family Sciaenidae (Perciformes). Piscium cata−
logus: Part Otolithi Piscium I. 245 pp. Pfeil, Munich.

Schwarzhans, W. 1999. A comparative morphological treatise of recent and
fossil otoliths of the order Pleuronectiformes. Piscium catalogus: Part
Otolith Piscium II. 391 pp. Pfeil, Munich.

Smale, M.J., Watson, G., and Hecht, T. 1995. Otolith atlas of southern Afri−
can marine fishes. Ichthyological Monographs 1: 1–253. Smith Institute
of Ichthyology, Grahamstown.

Stringer, G.L. 1998. Otolith−based fishes from the Bowden Shell Bed (Plio−
cene) of Jamaica: systematics and palaeoecology. Contributions to Ter−
tiary and Quaternary Geology 35: 147–160.

Swainson, W. 1839. The Natural History and Classification of Fishes, Am−
phibians, & Reptiles, or Monocardian Animals. vi + 448 pp. Spottis−
woode and Co., London.

Werner, C.F. 1928. Studien über die Otolithen der Knochenfische. Zeitschrift
für wissenschaftliche Zoologie 131: 501–587.

Wohlfahrt, T.A. 1932. Anatomische Untersuchungen über das Labyrinth der
Elritze (Phoxinus laevis L.). Zeitschrift für vergleichende Physiologie 17:
659–685.

Zardoya, R. and Doadrio, I. 1999. Molecular evidence on the evolutionary
and biogeographical patterns of European cyprinids. Journal of Molec−
ular Evolution 49: 227–237.

304 ACTA PALAEONTOLOGICA POLONICA 51 (2), 2006


