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Abstract We describe a new genus and species of

woodpecker (Piciformes: Picidae), Piculoides saulcetensis,

from the early Miocene (MN1–MN2) of Saulcet, in the

‘‘Saint-Gérand-le-Puy’’ area, central France, which is the

earliest definite record of the family. The new species is

represented solely by the distal end of a tarsometatarsus,

which bears nonetheless diagnostic features that allowed us

to place Piculoides saulcetensis in a phylogenetic context.

Our results show that the fossil from Saulcet is either a

stem-group representative of piculets (Picumninae) and

true woodpeckers (Picinae) or of true woodpeckers only.

Piculoides saulcetensis is similar to a fragmentary tarso-

metatarsus of a picid from the late Oligocene of southern

Germany, and we thus hypothesize a close relationship

between the two.

Keywords Piciformes � Saulcet � Saint-Gérand-le-Puy �
Piculoides � Fossil birds � Early Miocene

Introduction

Picidae (wrynecks, piculets, and true woodpeckers) are the

most species-rich family of the Piciformes, and are clas-

sified in the taxon Pici, together with Ramphastidae (bar-

bets and toucans), and Indicatoridae (honeyguides).

Monophyly of the Pici is well supported both by anatom-

ical (Simpson and Cracraft 1981; Swierczewski and Rai-

kow 1981; Mayr et al. 2003) and molecular character sets

(e.g., Johansson and Ericson 2003; Mayr et al. 2003).

Hypotheses on the relationships between the major groups

within Picidae are well supported by morphological and

molecular data (e.g., Goodge 1972; Swierczewski and

Raikow 1981; Short 1982; Webb and Moore 2005;

Benz et al. 2006). It has been the long-standing view that

Picumninae (piculets) and Jynginae (wrynecks) are suc-

cessive sister taxa of Picinae (true woodpeckers).

The fossil record of woodpeckers is sparse. The earliest

fossil specimen of Pici recovered so far dates to the early

Oligocene (MP 21) of Belgium (Mayr and Smith 2001),

and is represented by a distal tarsometatarsus. Another

early Oligocene species, Rupelramphastoides knopfi, was

also found in southern Germany, but whether this species

belongs within crown-group Pici is uncertain (Mayr 2005,

2006). Further undisputed members of the Pici, all based

on incomplete tarsometatarsi, have been reported from the

late Oligocene (MP 29) and late Oligocene/early Miocene

of Germany (Mayr 2001, 2010). The Miocene record of

Pici in Europe is mostly restricted to the Ramphastidae

(toucans and barbets), and more explicitly to the extinct

taxon Capitonides, from the early and middle Miocene of

Germany (Ballmann 1969, 1983).

The maybe earliest record of the Picidae is a contour

feather preserved in amber from the Dominican Republic,

which was assigned to this family by Laybourne et al.
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(1994), but its precise age, though probably early Miocene

at least, is nevertheless unknown. An ulna from the very

late Miocene (Messinian) of Italy was described by Ball-

mann (1976) as belonging in this family. Picus peregrin-

abundus (Umanskaja 1981) from the late Miocene of the

Ukraine, described from a distal tarsometatarsus, was

considered a true woodpecker (Picinae) by Umanskaja

(1981), although the illustrations provided do not allow for

a corroboration of her hypothesis. In North America, Pli-

opicus brodkorbi from the late Miocene of Kansas (see

Becker 1986) was described based on a distal tarsometa-

tarsus (Feduccia and Wilson 1967). Though Feduccia and

Wilson (1967) argued a close relationship between Pli-

opicus and the extant woodpecker genus Melanerpes,

Cracraft and Morony (1969) judged the specimen to be

markedly different from recent woodpeckers. The

description of Palaeonerpes shorti from the middle/late

Miocene of Nebraska was based on a distal tibiotarsus, and

Cracraft and Morony (1969) suggested possible close

relationships to melanerpine woodpeckers (tribe Dendro-

picini, Picinae). An ulna, from the middle Miocene of

Nebraska (see Korth 2008 for stratigraphy), was described

by Wetmore (1931), who highlighted a strong resemblance

to colaptine woodpeckers (flickers, Picinae); these affinities

have been since then seconded by Short (1965).

Despite large amounts of fossil bird material, no repre-

sentatives of Picidae have so far been described from the

‘‘Saint-Gérand-le-Puy’’ area (Allier, France; late Oligocene

to early Miocene); Picus archiaci and P. consobrinus were

assigned to the Picidae by Milne-Edwards (1867–1868),

but were subsequently identified as representatives of

Coliiformes by Ballmann (1969). In the comparatively

small collection of avian bones from Saulcet, ‘‘Saint-Gér-

and-le-Puy’’, housed in the Natural History Museum Basel,

Switzerland, we have, however, found a well-preserved

distal end of a tarsometatarsus of a member of the Picidae,

which we describe in this study. Despite its fragmentary

nature, the unique combination of its characters justifies the

introduction of a new genus and species of woodpecker.

Because features of the distal end of this bone are dia-

gnostic, we attempt to clarify the phylogenetic affinities of

the fossil specimen, and compare it with the aforemen-

tioned fossil members of the Pici.

Geological setting

The localities from the Saint-Gérand-le-Puy area in the

Allier Basin, including Saulcet (Fig. 1), have a long his-

tory of stratigraphic problems, since old museum collec-

tions, housed in various institutions around the world, are

composed of specimens with unknown precise prove-

nience and thus unknown precise stratigraphy, with sev-

eral localities being gathered under the common name of

‘‘Saint-Gérand-le-Puy’’. This is not the case for the

material of Saulcet from the Natural History Museum

Fig. 1 Geographic and

stratigraphic position of the

locality of Saulcet. Paulhiac and

Montaigu-le-Blin are the

reference localities for MN

zones 1 and 2, respectively.

Ages and limits of MN zones

after Steininger (1999) and

Gradstein et al. (2004).

Palaeogeographic map after

Meulenkamp and Sissingh

(2003)
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Basel, from which the specimen described below comes.

Fossils from the locality were collected by Hürzeler, a

former curator of the Basel Natural History Museum, in

the 1930s and formed the basis of his seminal work on

cainotheres (Hürzeler 1936).

The Allier sedimentary basin is known for its late Oli-

gocene/early Miocene calcareous sediments deposited in a

fluvio-lacustrine context (Donsimoni 1975). These sedi-

ments yielded tens of localities with fossil vertebrates and

invertebrates, several of these playing an important role for

the European continental mammal biochronological time

scale (the MN zones; Mein 1975), such as Montaigu-le-

Blin, the reference locality for zone MN2. Hürzeler col-

lected hundreds of fossils most probably from a single

quarry known as Pénaud (Hugueney 1974), where the

‘‘calcaires à Phryganes’’ (insect sheaths-rich lacustrine

limestones, Donsimoni 1975) crop out together with stro-

matolitic limestones. Indeed, this is where the fossils were

found, trapped between the bioconstructions (Hugueney

1974; Berthet, (2003)). Despite an abundant fossil collec-

tion not much was published regarding the geology and age

of Saulcet. Some uncertainty long surrounded the age of

this fauna. Hürzeler (1944) proposed a late Aquitanian age,

and later Hugueney (1974) suggested a very early MN2 age

(‘‘very base of the under-zone containing Montaigu-

le-Blin’’, i.e., MN2a). A more recent biochronological

assignment points to a late MN1 to early MN2 age

(Hugueney 1997; Fig. 1), the MN1 designation being

accepted by most authors (e.g., Hugueney 1984; Ziegler

1999; Berthet 2003).

Materials and methods

Institutional abbreviations: NMB, Natural History Museum

Basel, Switzerland; NMNH, Smithsonian Institution,

National Museum of Natural History, Washington, USA;

SMF, Forschungsinstitut Senckenberg, Frankfurt am Main,

Germany.

The fossil specimen is deposited in NMB. Anatomical

terminology follows Baumel and Witmer (1993). The fol-

lowing skeletons of recent Piciformes were available for

comparisons: Picidae: Picinae: Colaptes auratus (SMF),

Chrysocolaptes lucidus (SMF), Dendrocopos major

(NMB), D. minor (SMF), Dendropicos fuscescens (SMF),

Dinopium javanense (SMF), Dryocopus martius (SMF),

Hemicircus concretus (SMF); Melanerpes carolinus

(SMF), Picoides tridactylus (NMB), Picus canus (NMB),

P. viridis (NMB), Sphyrapicus varius (SMF); Picumninae:

Picumnus albosquamatus (SMF), Sasia abnormis

(NMNH); Jynginae: Jynx torquilla (NMB); Indicatoridae:

Indicator variegatus (SMF); Ramphastidae: Trachyphonus

margaritatus (NMB); Pteroglossus viridis (NMB).

Systematic paleontology

Aves Linnaeus, 1758

Piciformes Meyer & Wolf, 1810

Pici sensu Simpson & Cracraft (1981)

Picidae Vigors, 1825

Piculoides gen. nov.

Type species: Piculoides saulcetensis, sp. nov.

Etymology: Piculoides, piculet-like.

Differential diagnosis: small member of Picidae, which

differs from:

– Ramphastidae and Indicatoridae in: (1) trochlea meta-

tarsi II proximodistally elongated (reaching distal end

of trochlea metatarsi III); (2) strongly asymmetric rims

of trochlea metatarsi III with medial rim projecting

further plantar than lateral rim; (3) proximodistally

short trochlea metatarsi III; (4) groove in trochlea

metatarsi III deep; (5) trochlea metatarsi III with

slanting rims (Ballmann 1969, p. 42, fig. 11-1);

– Ramphastidae in: (6) trochlea accessoria rests plantar of

trochlea metatarsi III; (7) dorso-plantarly short trochlea

metatarsi III; (8) deep groove between trochlea metatarsi

IV and trochlea accessoria for tendon of M. flexor hallucis

longus pars dig. IV (Ballmann 1969, p. 42, fig. 11-2); (9)

medioplantar bulge just proximal of trochlea metatarsi III

absent (Mayr 1998, p. 50ff, fig. 28C, D);

– Jynginae in: (1) strongly asymmetric rims of trochlea

metatarsi III with medial rim projecting further plantar

than lateral rim; (2) proximodistally short trochlea

metatarsi III

– Picumninae in: (1) very wide trochlea metatarsi IV; (2)

considerably larger size; (3) trochlea accessoria not as

thickened.

– Picinae in: (1) trochlea metatarsi II narrow; (2) articular

surface of trochlea metatarsi IV not plantarly enlarged;

(3) articular surface of trochlea metatarsi IV not set-off

from rest of trochlea.

The new taxon differs from all examined Pici in the very

wide notch for the tendon of M. extensor digitorum longus

pars dig. IV and the distinctly splayed trochlea metatarsi

IV, which are here considered autapomorphic features of

the new taxon.

Piculoides saulcetensis, sp. nov.

Fig. 2a, b, g and l.

Etymology: saulcetensis, named after the locality of

Saulcet.

Holotype: distal end of left tarsometatarsus, NMB

Sau.4975.

Locality and age: Saulcet, Allier, France; early Miocene,

Aquitanian (MN1–base of MN2, ca. 22.5 Ma).
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Measurements: distal width: 3.0 mm.

Diagnosis: same as for genus. Piculoides saulcetensis

matches the measurements of the distal end of the

tarsometatarsus of the extant small true woodpecker

species Dendrocopos minor and Dendropicos fuscescens,

and is only slightly smaller than Jynx torquilla. All

these species are considerably larger than piculets

(Table 1).

Description and comparisons

As in recent Picidae, the foramen vasculare distale is very

small; a second, medial foramen, which is present in many

true woodpeckers (e.g., Dendrocopos, Dryocopus, Picus),

is not visible. The presence of this second foramen is

nevertheless variable within modern Picidae. The dorsal

surface of the distal end is flat, which is characteristic for

Pici (Ballmann 1983). The distal end is not as

Fig. 2 Left distal tarsometatarsus of Piculoides saulcetensis gen. et

sp. nov. (NMB Sau.4975) from the early Miocene of Saulcet, in

comparison to extant and fossil Pici. a–b, Piculoides saulcetensis gen.

et sp. nov., in plantar and dorsal views, respectively; dorsal views of

the tarsometatarsi of Jynx torquilla (c), Picumnus albosquamatus (d),

Picus viridis (e), and Trachyphonus margaritatus (f); distal views of

the tarsometatarsi of Piculoides saulcetensis (g), Jynx torquilla (h),

Picumnus albosquamatus (i), Picus viridis (j), and Trachyphonus
margaritatus (k); lateral views of the tarsometatarsi of Piculoides
saulcetensis (l), Jynx torquilla (m), Picumnus albosquamatus (n),

Picus viridis (o), and Trachyphonus margaritatus (p); right tarso-

metatarsus of SMF Av. 429, from the late Oligocene of Germany, in

distal (q, not to scale), and dorsal (r) views. We point out that trochlea

accessoria of SMF Av. 429 is badly damaged, and that the edges of

trochlea metatarsi III are worn. Abbreviations: art. surf. tr. met. IV,

articular surface of trochlea metatarsi IV; sul. ten. M. ext. digit. long,

sulcus for the tendon of musculus extensor digitorum longus pars dig.

IV; tr. acc., trochlea accessoria; tr. met. II, trochlea metatarsi II; tr.
met. III, trochlea metatarsi III; tr. met. IV, trochlea metatarsi IV.

Images c, d, f, h, I, k, m, n, p have been mirrored to facilitate

comparisons. Scale bars are 2 mm, except g–k and q, 1 mm.

(Photographs d, i, n, q and r by Sven Tränkner, Senckenberg,

Frankfurt)
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proximodistally compressed as in extant woodpeckers

(Picoides particularly exhibiting this condition), being

somewhat intermediate between the condition in true

woodpeckers and Jynx, in which the trochleae metatarso-

rum project more distally.

Although the fossa metatarsi I is distinct, it is not nearly

as pronounced as in Picumnus or Trachyphonus, in which

the medial rim is visible even in dorsal view. This is also

the case in Jynx torquilla as well as in those Picinae which

bear a comparatively large hallux, e.g., Colaptes auratus.

Therefore, it seems unlikely that the hallux was greatly or

even completely reduced in Piculoides, as opposed to the

condition in Sasia (Picumninae), Gecinulus, and certain

species of Dendrocopos, Dinopium and Picoides (Short

1982; Winkler and Christie 2002).

Contrary to the arrangement in Ramphastidae, the

trochlea metatarsi II is proximodistally elongated. It

departs, nonetheless, from the condition found in true

woodpeckers in that it is comparatively slender, which also

applies to the piculets Picumnus albosquamatus and Sasia

abnormis, and to Jynx torquilla, whereas it is thick in the

examined representatives of the Picinae. The new taxon is

also characterized by the very deep and slender incisura

intertrochlearis medialis, which is related to the greater

length of the trochlea metatarsi II. This feature is also

present in piculets, particularly in Sasia abnormis, and—to

a lesser degree—in Jynx torquilla.

The trochlea metatarsi III is proximodistally shorter than

in Jynx (Fig. 2g–h), and, as in recent Picidae, the groove in

trochlea metatarsi III is deep. Both features are synapo-

morphic for Picumninae and Picinae. Characteristic for

Picidae (and to a lesser extent Indicatoridae) is also a

mediolaterally slanting trochlea metatarsi III (Ballmann

1969), which is present in the new taxon. The rims of trochlea

metatarsi III are distinctly asymmetric (Fig. 2g), a feature

in which Piculoides is indistinguishable from Picumnus

albosquamatus and Sasia abnormis. Although the medial

rim reaches farther plantar in all woodpeckers, this asym-

metry is particularly noticeable in the fossil specimen and

piculets, but also in some true woodpeckers as Meiglyptes

tukki (Antoine Louchart, personal communication) and

Chrysocolaptes lucidus. In lateral view it can be appreciated

that trochlea metatarsi III is more dorsally protruding than in

Picinae, and thus closely resembles Jynx (Fig. 2l–m).

In dorsal view, the trochlea metatarsi IV is peculiarly

wide; its unusual shape being different from that in other

Pici including Jynginae, Picumninae and Picinae. In

Piculoides this trochlea spreads out and is clearly set off

from the tarsometatarsus, which is not the case in the

examined recent specimens. This feature could ultimately be

related to the very wide, saddle-shaped notch proximal to

this trochlea, namely the pulley for the tendon of M. extensor

digitorum longus pars dig. IV. Unlike in Jynx, the trochlea

metatarsi IV (Fig. 2g) bulges dorsally in distal view; this

condition is also observed in piculets and true woodpeckers.

The articular surface of trochlea metatarsi IV (Fig. 2l) is not

as thickened as in Picinae, and it closely resembles that of

Jynx and Picumnus. The articular facet is not set-off from the

rest of the trochlea as in Picinae, thus exhibiting the plesi-

omorphic condition present in all other Pici.

Although the distal end of the trochlea accessoria is

slightly damaged, a strong distal projection (Fig. 2l)

matching the one present in Picumnus (Fig. 2n) and Sasia

is noticeable. The trochlea accessoria does not project

distinctly further distal than trochlea metatarsi III in

Trachyphonus, Indicator, Jynx, and most Picinae (the clo-

sely related Dendrocopos, Dendropicos, Sphyrapicus are

an exception, but the trochlea accessoria is still compara-

tively shorter than in the more basal Picidae). Trochlea

accessoria and trochlea metatarsi IV are separated by a

proximodistally deep groove in Picidae and Indicatoridae,

which is also present in the fossil. The sulcus for the tendon

of M. flexor perforatus digiti IV at the medial surface of the

trochlea accessoria is noticeably notched, not differing

from Indicatoridae and Picidae. This feature is less concave

in ramphastids, e.g., Trachyphonus margaritatus.

Discussion

Piculoides saulcetensis can be assigned to the Picidae by

the following derived features of the tarsometatarsus

Table 1 Measurements of the tarsometatarsus of Piculoides saulcetensis (NMB Sau.4975) from the early Miocene of Saulcet, and specimen

SMF Av. 429 from the late Oligocene of Germany, in comparison with extant members of the Picidae of similar size

Taxon Total length Distal width Distal depth Minimum width of shaft

Piculoides saulcetensis – 3.0 2.1 1.1

SMF Av. 429 14.7 – – 1.0

Dendrocopos minor (n = 4) 14.8 (14.3–15.2) 2.9 (2.8–3.0) 2.0 (1.9–2.1) 1.0 (1.0–1.1)

Dendropicos fuscescens (n = 1) 15.5 3.1 2.2 1.1

Jynx torquilla (n = 3) 18.8 (18.6–19.1) 3.2 (3.2–3.3) 2.6 (2.5–2.6) 1.2

Picumnus albosquamatus (n = 1) 12.4 2.4 2.1 0.9

All measurements in mm
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(Fig. 3): (1) presence of a deeply grooved trochlea meta-

tarsi III with mediolaterally slanting rims, (2) proximo-

distally elongated trochlea metatarsi II, which reaches the

distal end of the trochlea metatarsi III, (3) trochlea

accessoria longer than trochlea metatarsi III (it is shorter

outside crown-group Pici; see Mayr 1998). The fossil is

distinguished from Jynginae and agrees with Picumninae

and Picinae in the proximodistally short trochlea metatarsi

III and in the strongly asymmetric rims of trochlea meta-

tarsi III in distal view, which is absent from most, but not

all Picinae (see description).

The resemblances between the fossil taxon and extant

Picumninae (Picumnus and Sasia) are based on presumably

plesiomorphic traits for Picumninae and Picinae, such as

the strongly asymmetric rims of trochlea metatarsi III and a

trochlea accessoria projecting further distally. Piculoides

lacks derived traits present in Picinae, such as a thick

trochlea metatarsi II, a plantarly enlarged articular surface

of trochlea metatarsi IV, and a trochlea metatarsi IV with

an articular surface set-off from the rest of the trochlea. For

these reasons we consider it likely for Piculoides to be

outside crown-group Picinae, but a larger sample of extant

Picidae would need to be examined for additional support

of this hypothesis.

We hypothesize that Piculoides is either a stem-lineage

representative of both piculets and woodpeckers, or of true

woodpeckers, which is evidenced by the mosaic of tarso-

metatarsal characters showing features present in both

Picinae and Picumninae (Fig. 2). We nevertheless

approach the evidence with caution, given that Piculoides

is only known from a distal tarsometatarsus and more

osteological features remain to be discovered and detailed

in order to procure an unambiguous and well-supported

phylogenetic placement. In any case, no true woodpeckers

(Picinae) are known to have existed in Europe during the

early Miocene, and on a global scale the only Miocene

records of members of the Picinae are restricted to single

specimens from the middle to late Miocene (Wetmore

1931; Feduccia and Wilson 1967; Cracraft and Morony

1969; Umanskaja 1981).

Piculoides saulcetensis represents the earliest definite

record of the Picidae. We note, however, that a late Oli-

gocene partial tarsometatarsus (SMF Av. 429) reported by

Mayr (2001) agrees in size (see also Table 1) and com-

parable osteological traits with Piculoides. Particularly,

they both display strongly asymmetric rims of trochlea

metatarsi III, which, as previously mentioned, are also

characteristic for Picumnus and Sasia. It is thus conceiv-

able that this late Oligocene specimen is closely related to

Piculoides, and may belong in the same genus. The other

late Oligocene/early Miocene specimen recently reported

by Mayr (2010) is slightly larger than Piculoides, and

because it probably possessed a very narrow trochlea

metatarsi II, it is unlikely that it represents a true wood-

pecker (Picinae). Due to incomplete preservation of this

specimen, other comparisons with Piculoides are not

practicable. The piculet-sized bird from the early Oligo-

cene of Belgium described by Mayr and Smith (2001)

possesses features consistent with its belonging outside of

crown-group Picidae: it bears only slightly asymmetric

Fig. 3 Phylogenetic tree based on Benz et al. (2006), showing the

position of Piculoides saulcetensis in relation to extant Pici. Nodes

are supported by the following osteological characters of the distal

tarsometatarsus: 1 trochlea accessoria rests plantar of trochlea

metatarsi III, dorso-plantarly short trochlea metatarsi III, deep groove

between trochlea metatarsi IV and trochlea accessoria for tendon of

m. flexor hallucis longus pars dig. IV, plantar bulge just proximal of

trochlea metatarsi III absent, trochlea metatarsi III with slanting rims;

2 trochlea metatarsi II proximodistally elongated, groove in trochlea

metatarsi III deep; 3 strongly asymmetric rims of trochlea metatarsi

III in distal view, proximodistally short trochlea metatarsi III; 4
trochlea metatarsi II wide, articular surface of trochlea metatarsi IV

plantarly enlarged, articular surface of trochlea metatarsi IV set-off

from rest of trochlea
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trochlea metatarsi III, with a shallow furrow. Picus pere-

grinabundus (Umanskaja 1981) appears to be almost twice

the size of Piculoides, and is morphologically quite dif-

ferent from the Saulcet specimen. Pliopicus brodkorbi

Feduccia and Wilson 1967 is slightly larger than Piculo-

ides, and judging from the illustrations provided by

Feduccia and Wilson (1967) probably belongs in the

Picinae. It lacks, however, the strongly asymmetric rims

of trochlea metatarsi III which are characteristic for

Piculoides and which are likely to be plesiomorphic for

Picumninae and Picinae. The unusual mediolateral com-

pression of the distal end of P. brodkorbi is not unlike that

of Jynx torquilla, to which the specimen bears an overall

resemblance, but not much can be ascertained without

proper re-examination of the specimen.

Although Piculoides shows a combination of characters

of the foot existent in both Picumninae and Picinae, the

unusual, laterally splayed trochlea metatarsi IV and the

wide sulcus for the tendon of M. extensor digitorum longus

pars dig. IV could indicate that Piculoides was more ter-

restrial than most of these taxa, given that this peculiarity is

also present to some extent in the extant genus of barbets

Trachyphonus, which are notoriously more terrestrial than

other barbets. This hypothesis, nevertheless, cannot be

corroborated without a proper comparative study.
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