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Abstract

The study of published and new fish remains from Untermassfeld reveals two species for the Epivillafranchian
(late Early Pleistocene) Werra River: the anadromous Atlantic salmon (Salmo cf. salar), documented by at
least six individuals, and the rare cyprinid (Gobio sp.). Both fishes characterize the hyporhithral (greyling
zone) of European rivers. The salmonid record represents the first non-archaelogical fossils of Salmo salar.
Their taphonomy suggests that remains derived from carnivore prey, deposited in digested and undigested
conditions. These observations point to an important role of salmonids for food webs and nutrient cycles in
the Untermassfeld ecosystem.

1. Introduction

Freshwater fishes represent an important component of continental biodiversity. Only 1 % of the present-
day earth’s surface is covered by lakes and rivers, but freshwater fish diversity exceeds 13,000 species
(Lévéque et al. 2008). Their high diversity is attributable to accelerated speciation rates in their compara-
tively unstable habitats and their ability to adapt to various physical environments. This makes freshwater
fishes a useful tool for ecological, environmental, and even climatic reconstruction (B6hme 2004; 2010a;
2010b). Despite their importance, our knowledge of deep-time freshwater fish diversity and biogeography
is limited, especially for the Quaternary.

The famous late Early Pleistocene (Epivillafranchian) site of Untermassfeld (Thuringia, Germany) is of ut-
most significance for our knowledge of fauna and ecology in Eurasia about one million years ago (Kahlke
1997a; 2001a; 2001b; 2006). Its exceptionally rich and well-preserved mammalian record, accompanied
by continuous and remarkable skilful excavations and documentation, contribute to its enormous scien-
tific importance. Although freshwater fishes represent only a minor component of the recovered fauna,
they may contribute to the palaeoenvironmental picture of the Early Pleistocene Werra River at Unter-
massfeld.

A first description of fish remains from Untermassfeld was provided by Rutte (1997). He identified three spe-
cies: Esox lucius (pike), Tinca sp. (tench), and Leuciscus sp. (dace). Here | review previous taxonomic results
and describe new fish fossils excavated during the last 20 years.
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2. Material and methods

Fossil fish material (Table 1) is deposited in the collection of the Senckenberg Research Station of Quater-
nary Palaeontology, Weimar (acronym IQW). Recent comparative materials used come from the Palaeonto-
logical collection, Tibingen. Measurements were taken with an analog calliper with a precision of 0.1 mm.

Find depth
Grid square below site Material
0-level (m)

IQW 2015/41961 (Mei. 47 270) Q915 n.s. Three anterior caudal vertebra, two
are broken

IQW 1993/24 304 (Mei. 23833) Q536 1.50 Anterior caudal vertebra

IQW 1988/22 633 (Mei. 22 152) Q708 1.00-0.75 Proximal fragment of an anterior ray
from paired fin

IQW 2009/30 155 (Mei. 29317) Q 30 1.54 Two articulated thoracal vertebra

IQW 2009/30 149 (Mei. 29311) Q 30 1.55 Two thoracal vertebra

IQW 2009/30 114 (Mei. 29276) Q26 1.86 Fragmented vomer and four isolated
teeth

IQW 2007/29537 (Mei. 28699) Q25 ~2.00 Proximal fragment of an anterior ray
from paired fin

IQW 2015/41972 (Mei. 47 281) Q 151 n.s. Proximal fragment of an anterior ray
from paired fin

IQW 2015/41973 (Mei. 47 282) Q 190, 191 n.s. Proximal fragment of an anterior ray
from paired fin

IQW 1987/21827 (Mei. 21 346) n.s. n.s. Isolate tooth

IQW 2018/45363 (Mei. 50672) Q 156 1.80 Isolate tooth

IQW 2018/45364 (Mei. 50673) Q313 n.s. Isolate tooth

Table 1 New salmonid (Salmo cf. salar) remains from Untermassfeld. n.s. — not specified.

3. Results
3.1. Description

Salmoniformes Bleeker, 1859
Salmonidae Jarocki, 1822
Salmo Linnaeus, 1758

Salmo cf. salar Linnaeus, 1758

The four available caudal vertebrae are large with a length of 10.3mm and transverse diameters of 12.0mm
[IQW 2015/41961 (Mei. 47270)] and 11.4mm [IQW 1993/24304 (Mei. 23833)]. The deeply amphicoelic
centra are cylindrical (not waisted), and the notochord perforation is tiny. The bone preservation is good, re-
taining on the lateral centrum sides the regularly small and very small fenestrae (Fig. 1b). Incremental growth
rings are hardly visible (Fig. 1¢). Specimens IQW 2015/41961 (Mei. 47 270) may depict three growth zones.
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5 mm

Fig. 1 Salmo salar Linnaeus, 1758, recent, GPIT uncatalogued. — a Anterior caudal vertebra, lateral
view. | Salmo cf. salar, Untermassfeld. — b Anterior caudal vertebra IQW 2015/41961 (Mei. 47 270), lat-
eral view. — ¢ Anterior caudal vertebra IQW 2015/41961 (Mei. 47 270), cranial view. — d Articulated trunk
vertebra IQW 2009/30 155 (Mei. 29317), lateral views.

Fig.2 Salmo cf. salar, Untermass-
feld. — a-d Vomerine teeth IQW
2009/30114 (Mei. 29276), lateral
views.

The individually associated specimen IQW 2009/30 114 (Mei. 29276) is a totally fragmented, originally elon-
gated, small skull bone with four isolated teeth. The bone was platy at one side and thickened at the other.
The thickened bone portion is very spongy. Bone preservation is poor, but two tooth sockets are visible on
thickened fragments. The teeth are stout and pointed with round cross section (Fig. 2). They are slightly
curved and bear indistinct traces of cutting edges on distal tip. The projecting tooth bases are folded. The
teeth are of different size: the largest tooth measures 6.5 x 4.4mm, the smallest 4.3 x 3.0mm. The curva-
ture of teeth decreases with size. Tooth base and axis form an angle of ~ 105" in the largest tooth, which
declines in smaller teeth. The largest tooth (Fig. 2a) bears traces of chemical corrosion on enamel.

The four large-sized vertebra IQW 2009/30 149 (Mei. 29311) and IQW 2009/30155 (Mei. 29317) are
poorly preserved in a similar manner to the specimen described before. The bone surface is corroded and
deeply etched, and the centra are partially deformed and smashed (Fig. 1d). They most probably represent
thoracic vertebrae. The only reliable measurement to take is the transverse diameter of 13.1 mm from IQW
2009/30 149 (Mei. 29311). Incremental growth rings are more clearly visible than in the caudal vertebra,
probably because of etching. They correspond to four or five growth zones.

3.2. Comparison

The perforated lateral vertebra wall observed in caudals was called the »honeycomb pattern« by Watt et
al. (1997) and is typical for members of the family Salmonidae, especially the genus Salmo. Within Salmo,
species recognition on vertebral morphology alone is impossible, but according to Van Neer et al. (2007)
a combination of individual age and size of specimens allows distinction of non-migratory Salmo (e.q.,
S. trutta fario, brown trout) from anadromous Salmo (e.qg., S. salar, Atlantic salmon; S. trutta trutta, sea
trout). Atlantic salmon and sea trout reach large sizes of much over 1min a few years (especially the former
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species), owing to their accelerated growth in the Atlantic (Neresheimer 1937), whereby Atlantic salmon
usually grow faster under similar conditions (Turrero et al. 2014). According to Neresheimer (1937) Salmo
salar gains weight up to over 1kg per month in the ocean. The caudal vertebra from Untermassfeld there-
fore point, based on large size (840-960 mm fork length, see below) and young age (probably one freshwa-
ter and two marine years, see below) to migratory Salmo, either Atlantic salmon or sea trout.

The skull bone, although fragmentary, can be identified as a vomer based on following features: elon-
gate and general plate-like shape; tooth sockets on thickened bone portion; teeth slightly curved; positive
correlation of tooth curvature and size; tooth bases of larger teeth not perpendicular to tooth axis, most
distinct in largest teeth. Despite their generally very similar osteology, Salmo salar and S. t. trutta can be dis-
tinguished by their vomer bones and teeth (Henking 1929), although with some uncertainty due to frequent
tooth loss during preparation (Neresheimer 1937; Witten et al. 2005). The sea trout bears about 11 teeth in
a single row along the vomer axis, which do not much differ in size and curvature. In the anterior part this
species has four smaller teeth in a transverse row. In contrast, Atlantic salmon shows only four longitudinally
arranged teeth, decreasing significantly in size and curving caudad. Its anterior vomer plate is toothless.
Accordingly, IQW 2009/30 114 (Mei. 29276) can be best compared with Sa/mo salar.

Four proximal fragments of well-ossified rays from paired fins [IQW 1988/22633 (Mei. 22152), IQW
2007/29537 (Mei. 28699), IQW 2015/41972 (Mei. 47281), IQW 2015/41 973 (Mei. 47 282)] may also be-
long to a large salmonid. The morphology of their proximal articulation very much resemples pectoral fin
rays of recent Salmo salar.

Rutte (1997) described 30 specimens from large fishes from Untermassfeld, which he attributes to Esox lu-
cius. The figures he provided from six (purported) dental fragments and one quadrate (no vertebra is figured)
definitely contradict this identification. The bones are strongly ornamented with deep sub-parallel furrows,
which are never seen in pikes of similar size. They lack an elevated dental shelf. The dentary teeth of Esox
are very elongated and narrow (acicular) and not stout and massive [even triangular in IQW 1982/18 566
(Mei. 18086), Rutte 1997, pl. 20, 4]. All these characteristics instead correspond to Salmo, so | attribute this
material to that genus. The purported dentary bones should instead be attributed to maxillas. The figured
isolated tooth IQW 1984/19789 (Mei. 19309) (Rutte 1997, pl. 20, 7) is in my opinion not a fish at all.

3.3. Size and age estimates

For fork-size estimation | use the least square linear regression relationships for caudal vertebra length and
width of migratory salmon established by Turrero et al. (2014). The vertebra IQW 2015/41961 (Mei. 47 270)
results in 841 + 58 mm (for caudal length) and 959 + 58 mm (for caudal width), whereas IQW 1993/24 304
(Mei. 23833) gives estimates of 841 £ 58 mm and 922 + 56 mm fork length, respectively. This indicates
that both fishes may have reached 90cm body length. The three growth zones hardly visible on IQW
2015/41961 (Mei. 47 270) may be translated in one freshwater and two marine years (age class 1.2). The
poorly preserved thoracic vertebra IQW 2009/30 149 (Mei. 29311) point to an even larger size: 1015 =
88 mm (based on measurable centrum width). If | interpret its incremental growth rings correctly, this fish
may have spent three or four years in the ocean (age class 1.3 or 1.4). These young ages and huge sizes
may further corroborate the taxonomic attribution of the Untermassfeld salmon to Salmo salar, since this
species has faster growth rates than S. trutta, which rarely exceed 700 mm after four years (Neresheimer
1937; Turrero et al. 2014).
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3.4. Minimum number of individuals (MNI)

The poorly preserved four thoracic vertebra IQW 2009/30149 (Mei.29311) and IQW 2009/30155
(Mei. 29317) certainly belong to the same individual. The specimens show the same preservation and were
found very near together in the same stratum of Q 30, directly below and nearby a Homotherium mandible.
The vomer IQW 2009/30 114 (Mei. 29276), as poorly preserved as the vertebra, may also belong to this in-
dividual as it was found about four meters next to the vertebra (Q 26) at comparable profile depth (Table 1).
The well preserved caudal vertebrae IQW 2015/41961 (Mei. 47270) and IQW 1993/24 304 (Mei. 23833)
were found widely separated and in different layers, so they must represent two additional individuals of
Salmo. In addition, the Sa/mo remains from older excavations, mis-identified by Rutte (1997) as Esox, can be
interpreted as deriving from at least three individuals (three left and three right maxilla fragments). Taking
together, the Atlantic salmon is represented in Untermassfeld by at least six individuals. Four of them, the
Rutte material and the finds from Q 30 and 26, display etched preservation.

3.5. Cyprinid fishes

Rutte (1997) described two cyprinid pharyngeal teeth, which | had the opportunity to study. The tooth IQW
1987/21982 (Mei. 21501), attributed by him as Tinca, represents, based on texture (apatite prisms) and
morphology, an enamel cup fragment of a mammalian bonodont tooth (probably a tooth germ). The sec-
ond tooth fragment IQW 1987/21 979 (Mei. 21 498), attributed by Rutte to Leuciscus, may indeed belong to
a cyprinid, but corresponds rather to a gudgeon (genus Gobio) than to a dace (M. B6hme in Kahlke 2006,
19). Furthermore, the presence of Scardinius (rudd) is mentioned by G. Béhme (1997), but it is not figured
and it remains unclear to which specimen the statement refers.

Fig.3 Gobio sp., Untermassfeld. — a—c Pharyn-
geal tooth IQW 2018/45386 (Mei. 50695), lateral,
medial, posterior view.

Despite extensive excavations during the last 20 years, which include wet screen-washing of 170 metric
tons of sediment (Kahlke 1997b; in this volume; Maul 2001), only one single additional cyprinid pharyngeal
tooth has been found in the samples. This tooth [IQW 2018/45386 (Mei. 50695)] is 5.1 mm tall and the
corpus is compressed (Fig. 3). The hook is not bended. The tooth base is broken and the surface is cor-
roded, indicating that this tooth was probably ingested as prey. A rather sharp and straight medial crest is
well developed, but a lateral crest, and therefore a masticatory area, is missing. This feature points to the
cyprinid sub-family Gobioninae (gudgeons). In contrast to leuciscins, which pharyngeal teeth have a mas-
ticatory area, Gobionine teeth bear a medial crest only (Bbhme 2008). The common European Gudgeon,
Gobio gobio, is a rather small fish (standard length usually below 20cm). The Untermassfeld tooth point to
a somewhat larger individual (at least 20-25cm), which is here referred to Gobio sp.
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4. Discussion

Fossil salmon or trout are very rare in the Eurasian record and so far only known from the Middle Pleistocene
onwards (Bbhme and llg 2003). The oldest non-migratory Sa/mo is described from the Middle Pleistocene
fissure filling Gamsenberg near Oppurg, Thuringia/Germany (G. B6hme 2001). Migratory (Atlantic) salmon
are so far only recorded from archaeological contexts in Spain and Belgium from Aurignacian onwards (Con-
suegra et al. 2002; Neer et al. 2007).

The identification of an Atlantic salmon in the late Early Pleistocene site Untermassfeld is an ecologically very
interesting and unexpected (albeit not surprising) result. Besides aforementioned size-age relationships, the
well-ankylosed and large teeth (Fig. 2; Rutte 1997, pl. 20, 1-5) also indicate anadromous lifestyle for Unter-
massfeld salmonids. During spawning migrations in Atlantic and Pacific salmon, osteologic and odontologic
changes take place, especially dentognathic remodelling (Neresheimer 1937; Vladykov 1962; Witten et al.
2005). These changes affect particularly tooth size, shape and attachment. Teeth of spawning individuals
returning into freshwater are ankylosed and longer with much larger bases (Vladykov 1962; Witten et al.
2005), usually called »breeding teeth«.

Before industrialization and constructions of damming structures, Atlantic salmon were common in Euro-
pean rivers with Atlantic discharge (Neresheimer 1937). Their upstream migrations start in late summer and
reach spawning places in the headwaters (hypo- and metarhithral) of rivers usually during winter. Sa/mo
salar was even native in the Werra River at Untermassfeld (between Meiningen and Belrieth) until late
18" century (Anonymous 1835).

Spawning places of Sa/mo salar in the hypo- and metarhithral (greyling to trout zones of rivers) are charac-
terized by shallow, oxygen-rich, and fast-flowing waters with stony bedload. During this time salmon are
very vulnerable to predators (Bentley et al. 2014), especially ursids and large canids (Darimont et al. 2008;
Matsubayashi et al. 2017).

Salmonid materials from Untermassfeld represent isolated finds or a few associated vertebra from same
body region (Table 1). They occur in two different states of preservation. Besides perfect bone preser-
vation of single and associated caudal vertebra [IQW 1993/24304 (Mei. 23833) and IQW 2015/41961
(Mei. 47 270)] and fin-rays (Table 1), attributed to two individuals, most finds (four individuals, see above)
display an etched or corroded appearance and some are crushed or deformed (Fig. 2d). Such preservation
is a strong indication of bone digestion (Jones 1984; Butler and Schroeder 1998; Guillaud et al. 2017) and
suggests that these fossils were buried with carnivore faeces. Two potential carnivore predators for large
sized salmons (up to 1 meter length and 10 + 2 kg weight) are known from Untermassfeld: the bear Ursus
cf. dolinensis (Garcia 2004) and the large canid Canis (Xenocyon) lycaonoides (Sotnikova 2001). Moreover,
the undigested vertebra can potentially also be associated with carnivore predation, since bears frequently
leave behind much of a salmon carcass. Especially during fall months, before hibernation, they prefer
the skull (brain), ovaries and dorsal musculature because of their nutritional value (Reimchen 2000). This
would exactly fit with anatomical parts of digested (skull bone, thoracal vertebra) and undigested (cau-
dal vertebra, fin rays) bones and coincides well with the winter half-year of site formation (H.-D. Kahlke
2001).

Furthermore, carnivore predation on salmonids is not only crucial to predator nutrition and growth rates
(Hilderbrand et al. 1999; 2004), but, importantly, is of great significance for ecosystem nutrient budgets
(Semeniuk 2003). Cederholm et al. (1999) have shown that carcasses of salmons left over by bears in river-
side forests contribute to nutrient, especially nitrogen, flow across ecosystems. So, carnivore predation on
migrating salmons significantly affects net transport of marine-based nitrogen into terrestrial ecosystems,
improving their productivity (Cederholm et al. 1999; Hocking and Reynolds 2012).
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The common occurrence of Atlantic salmon and the gudgeon in Untermassfeld further indicate that both
characteristic fishes of the hyporhitral (greyling zone) occupied this habitat already since more than one

million years.
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