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ABSTRACT

The preservation of delicate structures such as feathers is very rare in the paleontological record, due to the fragility

of their components. Fossil feathers have been reported from approximately 50 deposits around the world, from the

Late Jurassic to the Pleistocene. In Brazil initial findings consisted of a primary feather of a large bird found in the

Tremembé Formation. Other occurrences are preserved in the Crato Formation, where several symmetrical and one

single asymmetrical feather was found. Based on three new specimens and reassessing further feather occurrences we

cannot confirm the presence of volant Aves in this deposit. The presence of an asymmetrical feather without barbules

and hooks hints at the previous existence of a flightless animal within this deposit, possibly a flightlessness bird or a

non-avian theropod. Conversely, the presence of a feather from morphotype II present in Tyrannosauroidea, Comp-

sognathidae, Therizinosauroidea and Dromeosauridae, points to a non-theropod origin. Since there are no confirmed

records of birds and other feathered archosaurs in the region to date, more evidence is required to identify the animal

from which these structures originated.

Key words: Araripe Basin, Crato Formation, Cretaceous, feathers, theropod.

INTRODUCTION

Feathers are among the most complex integumentary

appendages found in any vertebrate (Lucas and Stet-

tenheim 1972, Bereiter-Hahn et al. 1986). They have

complex branched structures, grown from their bases

by a unique mechanism, and come in an astonishing

variety of shapes, sizes, structures, and colors (Prum

and Brush 2002, Prum and Williamson 2001). Feather

structures are diverse in their appearance and function.

Five main categories of feather are recognized today:

contour feathers (body feathers, remiges and rectrices)

and down feathers, semiplumes, filoplumes, and bris-

tles (Prum 1999). These complex integumentary append-
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ages are present in birds and also in some other thero-

pod dinosaurs. A number of extremely well-preserved

coelurosaurians from the Early Cretaceous of China

(Chen et al. 1998, Ji et al. 1998, Xu et al. 1999a, b, 2000,

2001, Zhou and Wang 2000, Zhou et al. 2000, Norell

et al. 2002, Norell and Xu 2005) have shown convinc-

ingly that feathers have their origins within theropod

dinosaurs. They are composed primarily of keratin,

which consists of insoluble microscopic filaments that

are embedded in a proteinaceous matrix (Kellner 2002,

Hudon 2005). Previous investigations have concluded

that fossil feathers are preserved as carbonaceous

residues in the majority of localities (Davis and Briggs

1995). Others pointed that some of these carbonized

traces are composed of feather-degrading bacteria (Mar-

till and Filgueira 1994), although recent studies suggest
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that some fossil feathers are preserved as melanosomes

(Vinther et al. 2008, 2010).

The preservation of fossil feathers has been re-

ported from about 50 deposits around the world ranging

from the Late Jurassic to the Pleistocene in age (Buf-

fetaut et al. 2002, Schweigert et al. 2009). Despite all

these occurrences, the Cretaceous record is relatively

sparce. In Brazil the first fossilized feather discovery

belonged to the primary feather of a large bird reported

from the Tremembé Formation (Oligocene), close to

the city of Taubaté (Shufeldt 1916). Later other find-

ings were published from these deposits, which reported

the presence of isolated feathers imprints (Silva Santos

1950) and several feathers associated to the skeleton of

a Taubacrex granivora (Alvarenga 1988). Further ev-

idence comes from the state of Pará, in the north of

Brazil (Ackermann 1964). All other occurrences are

restricted to the Crato Formation where the findings

began with the description of a small flight feather

(Martins-Neto and Kellner 1988). The record uncov-

ered an asymmetrical feather typical of modern avian

primary remiges (Martins-Neto and Kellner 1988, Kell-

ner et al. 1991, Naish et al. 2007). Three other asym-

metrical feathers found in association with bone frag-

ments were preliminary described (Naish et al. 2007).

With regards to symmetrical feathers, two small semi-

plumes were reported (Martill and Filgueira 1994) in

addition to a very small and fluffy down feather (Kell-

ner et al. 1994). Such feathers occur frequently in the

Crato Formation, with about 20 specimens presented

and described in the literature (Naish et al. 2007). Also,

two contour feathers were described in the presence of

alternate dark and light bands, one incomplete (Martill

and Frey 1995, Vinther et al. 2008, 2010) and one com-

plete (Kellner and Campos 2000, Kellner 2002).

GEOLOGICAL SETTING

The Araripe Basin contains Cretaceous sediments, de-

posited during the opening of the South Atlantic Ocean

and is associated with lacustrine and transitional ma-

rine sediments (Valença et al. 2003, Fara et al. 2005).

The stratigraphy and the temporal range of the basin

are controversial (Small 1913, Ponte and Appi 1990,

Martill and Wilby 1993, Neumann and Cabrera 1999,

Valença et al. 2003, Martill 2007a, b, Assine 2007).

The age of the shales has been estimated as Aptian

(Brito 1984, Wellnhofer 1985, 1991), Aptian /Albian

(Arai et al. 2000), Albian (Campos and Wenz 1982, Ber-

thou 1990), possibly Cenomanian (Martill and Wilby

1993), and Turonian (Beurlen 1962). This divergence

in age estimates is therefore up to 30 million years (Mar-

till 2007b), creating a controversial time chart. In this

study we followed the stratigraphy of Valença et al.

(2003) in order to resolve questions surrounding the

Basin’s nomenclatural.

The Crato Formation is positioned at the bottom

of the Santana Group. It comprises an area with nearly

5,500km2, bounded by the cities of Santana do Cariri

to Bonito de Santa Fé (E-W oriented) and Nova Olinda

to Jati (N-S oriented) (Viana and Neumann 2002). Its

outcrop pattern forms a narrow strip along the flanks

of the plateau, and is also present as a few isolated

outliers to the south of the plateau (Martill 1993, Neu-

mann and Cabrera 1999, Valença et al. 2003, Martill

2007a, b). This unit is composed of alternating dark-

colored, calciferous shale laminae and grey colored

micritic limestone laminae with variable clay content

(Mabesoone and Tinoco 1973, Valença et al. 2003).

This complex is interpreted as a lacustrine paleoenvi-

ronment with strong seasonal cycles under fairly dry

climatic circumstances, with their marginal and distal

areas distinguished through analyzing differences in

facies architecture (Valença et al. 2003). Its base is de-

fined by the first appearance of laminated limestones

and its top by the first appearance of the evaporites of

the overlying Ipubi Formation (Neumann and Cabrera

1999, Valença et al. 2003, Martill 2007a, b). The age

of the Crato Formation is considered as late Aptian, ac-

cording to ostracods (Berthou et al. 1994) and palyno-

morphs (Pons et al. 1990, Coimbra et al. 2002, Batten

2007), although some palynological data suggest that it

might be early Albian (Lima 1978, 1980, Hashimotto

et al. 1987).

The preservation of the fossils is often exquisite,

earning to the Crato Formation its status as a Konservat

Lagerstätte (Martill and Frey 1998, Kellner and Cam-

pos 1999, Sayão and Kellner 2000, Martill 2007a, b).

Most of the fossils described from the limestones was

collected by local workers and, consequently, many lack

detailed stratigraphic information. Abundant fossil in-
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sects occur in the laminated deposits, belonging to at

least 21 orders and 10 families (Martins-Neto 2001). In

addition, ostracods, conchostracans (Carvalho and Viana

1993), fishes (e.g. Santos 1947, Castro-Leal and Brito

2004), amphibians (Kellner and Campos 1986, Castro-

Leal and Brito 2006, Castro-Leal et al. 2007, Baez et al.

2009), pterosaurs (Frey and Martill 1994, Campos and

Kellner 1997, Sayão and Kellner 1998, 2000, 2006, Frey

et al. 2003, Witton 2008) and crocodylomorphs (Salis-

bury et al. 2003, Figueiredo and Kellner 2009), as well

as a rich flora of pollen, spores and plant fragments, are

present. Lastly, several feathers have been collected and

described (Martins-Neto and Kellner 1988, Kellner et

al. 1991, 1994, Martill and Filgueira 1994, Martill and

Davis 1998, 2001, Kellner 2002), some of which even

show the presence of colored patterns (Martill and Frey

1995, Kellner et al. 1999, Naish et al. 2007, Vinther et

al. 2008, 2010).

MATERIALS AND METHODS

The two specimens were collected during the field sea-

son of 2009 by biology students of the Centro Acadê-

mico de Vitória (Universidade Federal de Pernambuco).

Both feathers are deposited in the Paleontological col-

lection of the same institution under the numbers CAV

0001-V and CAV 0002-V. They were found in the re-

nowned limestone mine, Mina do Demar, on the road

that connects the cities of Nova Olinda and Santana

do Cariri (Fig. 1). Both specimens were described,

measured and photographed under a stereomicroscope

linked to a digital system.

INSTITUTIONAL ABBREVIATIONS

CAV – Centro Acadêmico de Vitória, Universidade

Federal de Pernambuco.

GP – Coleção de Geologia e Paleontologia, Universidade

de São Paulo.

LEIUG – Leicester University, Geology Department.

MCT – Museu de Ciências da Terra.

MPSC – Museu de Paleontologia de Santana do Cariri.

RESULTS

The first new feather (CAV 0001-V) is 18.81 mm long

without the calamus (not preserved), and 13.66 mm wide.

A short rachis is preserved (5.07 mm) corresponding to

less than 27% of its total length. It is also shorter than

the barbs with the bigger barb having 11.85 mm, and

the smaller 5.4 mm. The barbs are closely connected,

creating a fluffy texture (Fig. 2). All present high ram-

ifications in two rolls of barbules. These are more nu-

merous on the basis of the barb and decreases in number

and size distally.

CAV 0001-V represents a complete down feather

by having the rachis shorter than the longest barb (Lucas

and Stettenheim 1972). This kind of fluffy feather com-

poses the under plumage of the body and its major func-

tion in the tegument is insulation. Despite other down

feathers from the same locality being found (Naish et al.

2007), only one was described in detail: the 7.5mm long

MCT 1493-R (Kellner et al. 1994). According to Naish

et al. (2007) this kind of feather ranges from 10-20mm.

MCT 1493-R, however, is outside this estimation. Con-

versely, CAV 0001-V was found closest to the longest

down feathers known in these deposits. Despite the large

size disparity between MCT 1493-R and CAV 0001-V

(more than twice), they are very similar in morphology.

The smaller feather (CAV 0002-V) has a dark

brown color, which contrasts against the light yellow

limestone (Fig. 3). It shows a staining variation, with

the base of the calamus darker and being lighter closer

to the rachis. A very light band pattern was observed on

the border (distally) of the barbs, interposing between the

light and dark shades. It differs from the color-banded

feathers described before, which have the bands essen-

tially perpendicular to the rachis (Martill and Frey 1995,

Kellner 2002, Vinther et al. 2010). In many extant birds

the distal barbules that cover the outer surface of the

pennaceous feather vanes are more heavily pigmented

than the proximal barbules (e.g. Strong 1902), as ob-

served in CAV 0002-V. This detailed patterning in pig-

mentation requires mechanisms that distinguish between

distal and proximal barbule plate cells that are sepa-

rated only by a single layer of axial plate cells (Prum

and Dyck 2003).

The length of the preserved specimen is 8.55 mm,

with the calamus having 0.47 mm, and being displaced

from the original position probably during fossil-

ization. The rachis is very thin and proportionately long

(4.76 mm), corresponding to more than 55% of the
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Fig. 1 – A. Location of the Araripe Basin in South America. B. The Araripe Basin bordering the states of Ceará, Piauí and Pernambuco in northeast

Brazil. C. Outline map of the Araripe Basin, indicating the site of the mine where the new feathers were found, between the cities of Nova Olinda

and Santana do Cariri (Ceará State).

Fig. 2 – A: Fossil down feather CAV 0001-V. B: Detail of the barbs and barbules. Scale Bar 9 mm in A, B not in scale.

An Acad Bras Cienc (2011) 83 (1)
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Fig. 3 – A: Semiplume CAV 0002-V. B: Detail of the barbs and barbules in the distal region of the feather.

Scale Bar 5 mm in A, B not in scale.

total preserved length of the feather. It is also longer

than the larger barb (4.71 mm). Due to this proportion,

CAV 0002-V represents a semiplume (according to

Lucas and Stettenheim 1972). This type of feather has

a large rachis and entirely plumaceous vanes, which

places this kind of structure as an intermediate between

a contour and a down feather. Functionally, semiplumes

fill out the contour of the animal body (Fig. 4) and also

provide thermal insulation (Hudon 2005).

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 3.34 mm. It dif-

fers from a previously described semiplume (LEIUG

114369), which has long shaft (21 mm) and compara-

tively short barb (longest barbs 8-10 mm – Martill and

Filgueira 1994). In this record, the shaft represents

more than twice the length of the barbs, while in CAV

0002-V this ratio is less than twice. On each side of the

barbs there is a row of smaller branches, the barbules.

They are visible on a number of barbs with both proxi-

mal and distal barbules being identifiable. No hooklet-

like structures were observed. To date, CAV 0002-V is

the smallest semiplume described for these deposits.

During this work a new feather was found in the

same locality as CAV 0001-V and CAV 0002-V. It is cur-

rently located in the fossil collection of Museu de Pale-

ontologia de Santana do Cariri, under collection number

Fig. 4 – Sketch of a hypothetical flightless animal showing the distri-

bution of the different feather types in the body.

MPSC – PN 2221. It possesses a different morphology

from all other feathers found in the Crato Formation, with

long calamus and rachis. Filamentous, long and free

barbs lacking barbules inserted opposite to each other on

An Acad Bras Cienc (2011) 83 (1)
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each side of a rather flattened rachis and form two vanes

(Fig. 5). It is very similar in morphology to feathers

preserved in amber from the Early Cretaceous in France

(Perrichot et al. 2008). This feather is morphologically

similar to the down or ornamental ones, and not to the

contour, remiges or rectrices. However, it has a thick and

long rachis, unlike classical down feathers whose barbs

generally diverge from the very short apex of the rachis.

Fig. 5 – Fossil feather from Museu de Paleontologia de Santana do

Cariri (MPSC – PN 2221), without barbules. Scale Bar 25 mm.

DISCUSSION

The preservation of such delicate structures as feath-

ers is very rare in the paleontological record, due to

the fragility of their components. Despite this, in 77%

of sediments yielding fossil feathers, they are the only

evidence of an avian presence, whereas bones are ab-

sent (Davis and Briggs 1995). For a long time, feathers

were diagnostic of the Aves class. They helped to iden-

tify Archaeopteryx from the Tithonian (Upper Jurassic)

Solnhofen Limestone as the earliest known bird, rather

than as a birdlike dinosaur (Rietschel 1985). In the last

decade feathers or primitive feathers have been docu-

mented in non-avian coelurosaurian theropod groups,

on the basis of numerous specimens recovered from

the Lower Cretaceous Jehol Group and the Jurassic

Daohugou or Tiaojishan Formations in China (Xu et al.

2010). The presence of feathers in the Crato Formation

was, up to now, used to point towards the existence of

Aves in these deposits. New data can now be used to

reappraise this hypothesis.

According to Lucas and Stettenheim (1972), feath-

ers are generally divided in the two main categories:

symmetrical and asymmetrical. Despite the fact that

the symmetrical type corresponds to the majority of

feathers in the Crato Formation, only a few were for-

mally described. Two or three possible rectrices have

been mentioned in the literature (Naish et al. 2007). One

of these (NSM PV20059) is the longest feather known

from this unit (Martill and Davis 1998, 2001). The

symmetrical feathers from the Crato Formation are two

contour feathers (Martill and Frey 1995, Kellner 2002)

and two semi plumes (LEIUG 114369; CAV 0002-V).

The most common type are down feathers, such as

CAV 0001-V.

Normally the body feathers account for more than

half of a bird’s feather mass (Debruyne et al. 2006).

Also, bird carcasses usually disarticulate quickly after

death. According to Davis and Briggs’ (1995) analysis,

a 10% reduction in body mass may be expected after

30 days in subtropical or shallow marine environments,

in addition to the loss of contour features of the body.

The ligaments that attach the wing contour feathers to

the ulna are decay resistant, and the wing may remain in-

tact even after disarticulation of the rest of the skeleton.

Another aspect is that feathers are sequentially re-

placed throughout the life of the bird through periodic

molting (Prum and Dick 2003). Molting is the renewal of

an entire plumage through the growth of serially homol-

ogous replacement feathers (Howell et al. 2003, Prum

and Dyck 2003, Rohwer 2008), whereby old feathers

are pushed out and lost as new feathers are generated

from the same feather follicle (Rohwer and Wang 2010).

In extant birds, feathers are usually molted once a year,

often twice a year, and occasionally once every other

year (Prum 1999, Prum and Dyck 2003). The molt

An Acad Bras Cienc (2011) 83 (1)
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process is regulated by a combination of hormonal and

environmental factors, such as temperature and photo-

periodism (Lindström et al. 1994, Hahn et al. 2009).

This process interferes in fundamental biological activi-

ties, such as reproduction and flight, resulting in a high

energetic cost (Lindström et al 1994). In this period, the

hormonal regulation is not restricted to control the tim-

ing of the molt, but also the sequence of changes in the

body and the amount of feathers lost (Ellis et al. 2006,

Rohwer et al. 2009). During the normal molt the func-

tional continuity and integrity of the plumage is main-

tained during the process of complete or partial plumage

replacement (Prum and Dyck 2003, Rohwer 2008). In

that way the maintenance of flight function during molt

requires the sequential replacement of remiges and rec-

trices without compromising the function of the entire

airfoil. Different groups of birds have evolved different

feather replacement sequences (Stresseman and Stresse-

man 1966). Remiges and rectices have a lower occur-

rence in the body of an individual yet these feathers

have a large mass and length (Ellis et al. 2006), requiring

more time and energy during their transformation, than

other feathers do, such as down, semiplume and contour

ones (Rohwer 2008, Rohwer et al. 2009). In most ex-

tant birds, flight feathers change a few units at a time,

for example two or three primary remiges in each wing

(Rohwer et al. 2009). Meanwhile the turnover of covert

feathers is high since they are numerous and signifi-

cantly smaller, changing without a certain number or

specific body part (Ellis et al. 2006). Consequently,

the time of such molt is significantly lower than the flight

molt (Munro et al. 2006). Because flight feather molt-

ing is of fundamental importance to many aspects of

avian biology (Rohwer 2008), it is easier to find molted

feathers of the body (such as contour, semiplume and

down feathers) than remiges and rectrices. The differ-

ence in number, molt duration and quantity of changed

feathers could be related to the large amount of covert

feathers in the fossil record of the Crato Formation, be-

sides taphonomic aspects.

Until now only one asymmetrical feather has been

reported (GP/2T-136), curiously the first one described

(Martins-Neto and Kellner 1988). It was a 64 mm long

typical primary remex with no evidence of barbules

(Martins-Neto and Kellner 1988). Remiges are located

on the posterior side of the wing whereupon the bar-

bules are ended by hooks, which help to stiffen the

flight feathers of the birds. The only exception is the

remiges of ratites, which are soft, lacking the interlock-

ing hooks and barbules (Speer 2006). The presence

of a remex in the Crato Formation suggests the pres-

ence of a flying bird in these deposits. This was rein-

forced by the supposed presence of an enantiornithine

bird (Naish et al. 2007), a flying, cosmopolitan group

recorded throughout the Cretaceous (Chiappe and Wal-

ker 2002). The evidence, however, was based on a low-

resolution photograph and a brief description (Naish

et al. 2007). Furthermore, some non-avian theropods

present asymmetrical vaned feathers such as Microrap-

tor gui (Zhou 2004). In this species the flight capabil-

ity is not fully accepted, leading to the conclusion that

asymmetrical feathers were developed initially for some

more primeval stage of flight (Zhou 2004). Because

the specimens in Senckenberg Museum and the Japan-

ese private collection (both of which have three remiges

associated with bones) have yet to been described (see

Naish et al. 2007 for a review), no formal evidence

of a flying bird can be confirmed. The primary remex

(GP/2T-136) could be associated to a flightless individ-

ual due to its similarity with the one of the flightless

birds. Flight has been lost independently numerous times

in at least 34 families of birds, including both extant

and extinct forms (Livezey 1995, Middleton and Gatesy

2000). In the Late Cretaceous several groups of fos-

sil birds lost the ability to fly, such as one of the earli-

est secondarily flightless birds, Patagopteryx deferrari-

isi from southern Argentina (Alvarenga and Bonaparte

1992, Chiappe 1995, 2002). Despite being initially re-

ferred to as a ratite (Alvarenga and Bonaparte 1992),

posterior analyses placed the species between the enan-

tiornithine radiation, and the divergence of another ma-

jor group, Ornithurae, which contains the most immedi-

ate outgroups of extant birds (Padian and Chiappe 1998,

Chiappe 2001, 2002, Chiappe and Dyke 2002). The ab-

sence of structures considered specialized for flight in

the feather GP/2T-136 suggests that maybe this feather

comes from a flightless bird, also in the Lower Creta-

ceous Crato Formation.
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The major question regarding fossil feathers from

the Araripe Basin is to define from which animal they be-

longed to. Generally the dimensions of a feather (length,

width, calamus length, downy part, aftershaft length) as

well as its curvature (including lateral curvature) can as-

sist species identification or origin, particularly in birds

(Hudon 2005). The outer surface of such a structure can

always be recognized by the smooth side of the shaft,

which faces away from the body except in certain coverts

on the underside of the wings. One of the most distinc-

tive features of a feather is its coloration and pattern-

ing. However this characteristic is of little use when the

feather is white or in decay, as is the case in fossilized

specimens. Previous work associated these structures to

the presence of Aves in the deposits (Martins-Neto and

Kellner 1988, Kellner et al. 1991, Martill and Filgueira

1994). However when this was proposed, feathers were

considered exclusive of birds, making this association

incorrect in the face of new findings.

The existence of a suite of differentiated and struc-

turally modern feather types (e.g., primary and second-

ary, remiges, retrices, and covertors) in Archaeopteryx

strongly suggests that the origin of feathers predated

the origin of birds (Sereno 1999, Rayner 2001). This

prediction has been confirmed by a number of discov-

eries from the lacustrine Early Cretaceous deposits of

Liaoning Province (China), including at least eight taxa

of non-avian theropod dinosaurs. These specimens pre-

serve integumentary structures that were interpreted as

feather homologes (Chen et al. 1998, Ji et al. 1998, Xu

et al. 1999a, b, 2000, 2001, 2003, 2009, Norell et al.

2002, Zhou et al. 2003). It is notable that integumen-

tary structures in these dinosaurs can be broadly classi-

fied into two categories: one mostly fiber-like and un-

branched, and the other consisting of unambiguous true

feather structures (Zhou 2004, Xu et al. 2009). Vary-

ing greatly in morphology and size, these new taxa rep-

resent lineages phylogenetically spread throughout the

non-avian coelurosaurian portion of the theropod tree

(Chiappe and Dyke 2002, Currie 2003, Xu et al. 2003,

2009, 2010, Zhou, 2004). They show evidence for at

least two groups of coelurosaurs that have feathers pre-

served with the diagnostic features of shafts and barbs.

In most cases these modern feathers are distributed in

both the forelimb, tail region and hindlimb of the Micro-

raptor gui (see Zhou 2004 for a review). Accordingly,

this may indicate that modern feathers are present and

common in coelurosaurids, including dromaeosaurids

(e.g. Sinornithosaurus, Microraptor), oviraptorosaurids

(Caudipteryx), and the poorly known coelurosaur, Pro-

tarchaeopteryx (Zhou 2004). The presence of feath-

ers with shaft, barbs and asymmetry was known previ-

ously only in volant birds. Recently it was demonstrated

that the attachments of the forelimb feathers in these di-

nosaurs are consistent with those of modern birds (Xu et

al. 2003). Thus, asymmetry is also of no help in the sys-

tematic interpretations of isolated feathers. Worse still,

there are no confirmed records of birds and other feath-

ered archosaurs in the region to date.

Developmental theories propose that feathers

evolved through a series of evolutionary novelties in the

developmental mechanism of the follicle and feather

germ (Dyck 1985, Prum 1999, Chuong et al. 2000, Prum

and Williamson 2001, Prum and Brush 2002, Perrichot

et al. 2008, Xu et al. 2010). In this model, feathers

were divided originally into five morphotypes (Prum

1999), refined in subsequent works to nine (Perrichot et

al. 2008, Xu et al. 2010). Feathers from the Crato For-

mation belong to morphotypes II, III, and probably V.

The morphotype II resembles to a tuft of unbranched

barbs with a basal calamus (Prum 1999), very similar

to MPSC-PN 2221. This morphology, with a rachis

forming a kind of primitive vanes without barbules,

is entirely consistent with the shafted displayed by the

dromeosaur Sinornithosaurus (Ji et al. 2001, Xu et al.

2001). All the semi-plumes and the downs are framed in

the morphotype III (according to Prum 1999). In that

morphotype, paired barbules within the peripheral bar-

bule plates of the barb ridges, created the branched barbs

with rami and barbules. This is considered the most

critical stage of a feathers evolution in birds or non-avian

dinosaurs since it is present in both (Xu 2006, Perrichot

et al. 2008). The GP/2T-136 specimen does not fit in

any of the known morphotypes. Because of its asym-

metry it could be placed within the morphotype V, but it

differs from this morphotype in the absence of barbules.

To date, this type of feather was considered unique to

birds (Prum and Brush 2002), is now recognized to have
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a more ancient origin, among non-avian dinosaurs. As

mentioned above, it has also been found in Microraptor

and other dromeosaurs (Norell et al. 2002).

CONCLUSIONS

The new feathers presented in this study differ between
themselves and others found in the Crato Formation, in
terms of color, pattern, shape and size. The great range in
feather size from this locality does not necessarily mean
a variety of animal sizes. In most birds, the shape of
each feather is established during its growth and does
not change thereafter except through wear. Feathers may
change in appearance as they are replaced as a function of
their age, gender, and the seasonal changes of the bird.
Since there is no confirmed evidence of feathers pre-
served with bones, it is difficult to associate the differ-
ences to any of the aspects in a way that could explain this
variation. The central objective regarding fossil feathers
from the Araripe Basin is to identify from which ani-
mal they came. Feathers from the Crato Formation be-
long mostly to morphotype III, which is the most com-
mon shape found in both non-avian and avian theropods
(from Tyrannosauroidea to Enantiornithes). However,
the record of an asymmetrical feather without barbules
and hooks hints at the presence of a flightless animal
in this deposit, which could be either a bird or a non-
avian theropod. If the bird origin for this feathers is con-
firmed, this would consitute the earliest avian remain in
South America. However, the presence of a feather from
morphotype II (present in Tyrannosauroidea, Compsog-
nathidae, Therizinosauroidea and Dromeosauridae) in-
troduces the possibility of a non-avian theropod origin.
Since there are no confirmed reports of birds and other
feathered archosaurs in the region to date, more evidence
is needed to elucidate the true origin of the feathers.
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RESUMO

A fossilização de estruturas de revestimento delicadas como

as penas constitui um processo extremamente raro, principal-

mente pela fragilidade de seus componentes. São conhecidos

apenas cinquenta depósitos com esta natureza de registro (do

Jurássico ao Terciário). No Brasil a primeira referência data

de 1916, descrevendo uma pena de vôo com características

plumáceas da Formação Tremembé (Bacia de Taubaté). Ou-

tras evidências, são provenientes dos calcários laminados da

Formação Crato, apresentando registros de penas assimétri-

cas e apenas uma simétrica. Com base em novos achados e

reavaliando penas previamente descritas, verificou-se que não

se pode afirmar a presença de Aves voadoras nestes depósitos.

Isto se deve a ausência de estruturas exclusivas deste tipo de

hábito, a exemplo de penas assimétricas com bárbulas e gan-

chos. Ao contrário disso, verificou-se que os registros apontam

mais para a presença de animais emplumados não voadores,

como terópodes não avianos ou Aves que tenham perdido se-

cundariamente o voo. Reforçando esta ideia está a presença

de uma pena pertencente ao morfótipo do estágio II encon-

trado até o momento em Tyrannosauroidea, Compsognathidae,

Therizinosauroidea e Dromeosauridae. A ausência de regis-

tros confirmados de aves ou de outros arcossauros empluma-

dos na região até o momento, geram expectativas sobre novos

registros que apontem para os organismos detentores das penas

encontradas neste depósito.

Palavras-chave: Bacia do Araripe, Formação Crato, Cretá-

ceo, penas, teropoda.
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