FOSSIL DOWN FEATHER FROM THE LOWER
CRETACEOUS OF BRAZIL

by A. W. A. KELLNER, J. G. MAISEY and D. A. CAMPOS

BSTRACT.-An Early Cretaceous (Aptian) fossil feather has been discovered in the Araripe Basin, northeast
razil. Its features, including an overall fluffy aspect, indicate that it is a definitive down feather. This new
\aterial provides empirical evidence that birds had already developed an effective thermoregulatory insulation
aver, with down feathers, by the Early Cretaceous. Furthermore, in the absence of skeletal remains, the fossil
sathers are the only reliable evidence of Mesozoic birds in Brazil.

‘HE Lower Cretaceous Santana Formation of the Araripe Basin, northeast Brazil (Text-fig. 1),
s very well known for the large quantity and exquisite preservation of its fossils (see Maisey 1991
or a review). The basal unit of the Santana Formation is the Crato Member, which includes
iminated light gray micritic limestones alternating with dark-coloured, calcareous silty shales
Mabesoone and Tinoco 1973). According to recent palynological data the age of the Crato
Aember is Late Aptian (Pons et al. 1990). Fossils are abundant in these sediments, especially small
onorynchiform fishes (Blum 1991) and a rich and diversified assemblage of insects (Grimaldi 1990;
JMartins Neto 1991). Other fossils such as pterosaurs (Kellner in preparation) and turtles are more
are. The depositional environment is generally regarded as lacustrine (Beurlen 1971), which is
upported by the presence of freshwater insect larvae as well as halophobic vertebrates such as
inurans (Kellner and Campos 1986). The presence of volant birds was demonstrated recently by the
liscovery of a flight feather (Martins Neto and Kellner 1988). Another feather having a profoundly
lifferent morphology is described here. It is housed in the palaeontological collection of the
Jepartamento Nacional da Produgio Mineral, Rio de Janeiro, Brazil, as specimen DNPM MCT

1493-R.

DESCRIPTION

[he feather is comparatively small, with a preserved length of approximately 7-5 mm, measured from the
sreserved part of the calamus to the largest barb (Text-fig. 2). Its color is dark-brown, contrasting with the
yreyish color of the limestone slab in which it is preserved. There is almost no difference in relief between
‘eather and matrix, possibly due to diagenetic process. SEM pictures of the uncoated specimen did not reveal
any ultrastructure or featherprint. Many identifiable structures are, however, preserved. All measurements
vere taken by a digital optical micrometer (Shopscope Tm and Microcode II Tm).

The shaft includes both the calamus and rachis. The calamus is weakly preserved and is represented only by
2 faint shadow. The rachis is very thin and is about 3-4 mm long, corresponding to approximately 46 per cent
5f the feather’s total preserved length. Compared to the largest barbs, the rachis is smaller, which is one of the
main characteristics used to distinguish down feathers from other types of feather (Lucas and Stettenheim
1972). No evidence of an afterfeather or hyporachis is observed.

The vanes are very clearly preserved. Some of the barbs are almost as thick as the rachis. The size of
individual barbs decreases towards the distal portion of the shaft. The last and smallest barb on the terminal
portion of the shaft is approximately 2-9 mm long, while the largest barb near the base of the shaft has a length
of approximately 5-3 mm. There are approximately three to four barbs per mm of rachis. Barbules are longer
on the proximal parts of the barbs. This increases the down density of the feather towards the rachis.

On the left upper portion in the matrix above the feather, a comparatively very long barb-like structure is
present, at least 25 mm long, straight distally and curved proximally. Although poorly preserved, it is possible
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TEXT-FIG. 2. Fossil down feather (MCT 1493 R) housed in the palacontological collection of the Departamento
MNacional da Produgdo Mineral (DNPM, Rio de Janeira),
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that the structure may have been connected originally with the largest basal barb. No barbules were observed
on this structure, however, and it is entirely possible that it is not part of the feather.

All the above features, notably the proportional size of the rachis and the barbs, and the overall fluffy aspect
of this feather, indicate that it is a definitive down feather, i.e. a feather developed only with the full body
plumage (Lucas and Stettenheim 1972).

DISCUSSION

Fossil feathers are very rare in the palaeontological record, due to the fragility of their structure,
and their preservation requires special fossilization conditions. Those conditions are found
normally in calm waters of lacustrine (e.g. Waldman 1970; Kurochkin 1985; Martins Neto and
Kellner 1988) or lagoonal environments (e.g. Meyer 1861). The best preserved feather (as well as
other fossils in general) are found in amber, such as the specimen described by Schlee (1973), Schlee
and Glockner (1978), and the semiplume recently found in Lower Cretaceous deposits of New
Jersey (D. Grimaldi pers. comm.).

In the Mesozoic, very few fossil feathers are known (Martins Neto and Kellner 1988; Kellner e¢
al. 1991 and literature cited therein), limiting the information about primitive avian plumage. Most
skeletal remains of early birds lack traces of an external body covering (e.g. Sanz et al. 1988 ; Sereno
and Chenggang 1992). The reported Mesozoic feathers are contours, remiges, rectrices, or
semiplumes (Martins Neto and Kellner 1988 ; Lacasa 1988). The only other supposed down feather
reported so far comes from the Lower Cretaceous of Mongolia and was merely figured but not
described (Kurochkin 1985). If it is a genuine down feather, it differs from the specimen described
here in lacking a rachis (or having it greatly reduced), and by the apparent absence of barbules on
the barbs.

Depending on their function, feathers have different shapes and structures. Down feathers are
commonly regarded as best adapted to provide thermal insulation (e.g. Lucas and Stettenheim
1972; Gill 1990). The presence of down feathers in the Lower Cretaceous therefore suggests that
bird plumage was already highly differentiated, with a wide range of functions including flight and
an effective system of thermal insulation.

Although no skeletal material of birds have yet been reported from the Brazilian Mesozoic, the
presence of feathers increases the expectation of finding early bird remains in this country,
particularly in the Crato Member.
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