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ABSTRACT
ROATTI, V., MASSA, B. & DELL’OMO, G. 2019. Bill malformation in Scopoli’s Shearwater Calonectris diomedea chicks. Marine
Ornithology 47: 175–178.
We report three cases of bill malformation in Scopoli’s Shearwater Calonectris diomedea on Linosa Island (Sicily, Italy) that were found
during monitoring of the colony over a 13-year period. The cases were observed in pre-fledging chicks; two of the birds were also in poorer
body condition compared with chicks of the same age. No adults in the colony have been found with similar bill malformations despite a
much larger sample of recorded adults. We suggest that the observed malformations impair survival and that the chicks we encountered
would likely starve after fledging. The frequency of bill malformation found on Linosa is less than one percent, which is consistent with
cases reported in the literature for other species.
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INTRODUCTION

axis and the lack of the final hooked part of the maxillae. These three
cases were found among a total of 801 chicks (0.37 %).

Bill deformities in wild birds are rare, with an estimated frequency
of less than one percent (Pomeroy 1962, Nogales et al. 1990,
Rockwell et al. 2003). However, higher frequencies have been
observed (Kylin 2005, Handel et al. 2010, Buckle et al. 2014,
Handel & Van Hemert 2015), and these can be either temporary or
permanent (Pomeroy 1962). The bill of a bird consists of bones and
a covering of cornified integument called the rhamphotheca, which
is a modified layer of keratinized cells. The bill’s proper functioning
is essential for adequate foraging (Stettenheim 2000).
Isolated cases of bill deformities have been described among
seabirds and most cases involve chicks. Chicks with deformed bills
were reported in nine penguin species (Jones et al. 2015), Doublecrested Cormorant Phalacrocorax auritus (Kuiken et al. 1999),
Antarctic Shag Leucocarbo bransfieldensis (Casaux 2004), Blacklegged Kittiwake Rissa tridactyla (Kylin 2005), and Common Tern
Sterna hirundo (Gochfeld 1975). The only case of an adult bird
involved a healthy King Penguin Aptenodytes patagonicus, which
was able to survive with a highly anomalous bill, likely by adapting
its diet (Corbeau et al. 2017).
In Procellariiformes, body deformities have been reported exclusively
in chicks. For example, deformities in the feet and the eyes were
described in chicks of Leach’s Storm Petrel Oceanodroma leucorhoa,
European Storm Petrel Hydrobates pelagicus (Nogales et al. 1990),
and Southern Giant Petrel Macronectes giganteus (Marti et al.
2008). In Cory’s Shearwater Calonectris borealis, bill deformities
were described in three chicks ringed in 1988 on Selvagem Grande
(Nogales et al. 1990). Two types of bill deformities were reported:
Type 1 was described as a mandibular deviation of a certain angle
(between 6° and 7.5°) from the central head axis to the right; Type 2
was described as both a mandibular deviation from the central head

Scopoli’s Shearwater is a long-lived procellariiform that breeds
in the Mediterranean Sea. The species shows high mate and nest
fidelity and lays only one egg per year (Thibault 1993).
STUDY AREA AND METHODS
Linosa Island (35°30′11″N, 12°36′11″E) hosts the largest European
colony of Scopoli’s Shearwater, with 10 000 breeding pairs
estimated in 1986 (Massa & Lo Valvo 1986). The study area was in
the largest part of the colony, on the northwestern side of the island
in a coastal area called Mannarazza. The monitored nests were
spread over a 1 km2 area of volcanic rocks. Scopoli’s Shearwater
chicks were ringed in their nests during the daytime, and ringing
occurred every year from 2011 to 2017 during the first and second
weeks of October, just before fledging. Chicks were weighed with
a 1 000-g balance (Pesola®, precision ± 5 g) and bill measurements
were recorded to the nearest 1 mm using a caliper.
RESULTS
Three chicks with bill deformities were found, one in each of three
different years: 2011, 2015, and 2017. The first and second chicks
were found in the same nest and had the same mother but different
fathers. The mother was ringed in 2010, and her breeding success
was monitored every year until 2018. Her eggs were predated in
2014 and 2016; apart from the two deformed chicks, she produced
five healthy chicks during this period. The third chick was found in
a nest 60 m away from the first nest. The parents of this chick were
ringed in 2017, so their previous breeding history was unknown;
in 2018, they produced a chick with a normal bill. All parents had
normally developed bills and no other visible deformities.
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The bill deformities observed in the chicks were similar to those
described by Nogales et al. (1990). Following these authors’
classification, the first and the third chick showed a Type 2
malformation: the bill could not close normally due to a mandibular
deviation from the central head axis, and the hook at the top of the
maxillae was either about to detach (first chick, Fig. 1) or missing
completely (third chick, Fig. 3). The second chick showed a Type 1
malformation: the bill could not close normally due to a mandibular
deviation from the central head axis to the right, and the hook at
the top of the maxillae was present except for the tip. Its maxillae
(46 mm, measured from attachment to tip along the central axis
of the upper bill) were also shorter than the mandibles (53 mm,
measured from attachment to tip along the central axis of the lower
bill) (Fig. 2).
The first chick was observed at the beginning of August. Its
weight (360 g) was in the lower range of a normal weight for
chicks during August 2011 (Table 1). In October, this chick was
observed to have a little bit of down left, but it seemed to be in
poorer condition than other chicks of the same age. The second
and the third chicks were found in the first half of October, when
chicks normally have the appearance of an adult except for a little
down, if any, left on the head and/or belly. While the second chick
was normally developed and its weight (735 g) fell in the range
of other chicks, the third chick appeared delayed in its growth
(weight = 390 g) compared to the other chicks of a similar age
(Table 1). The third chick was still covered with grey down and
had not grown any contour or flight feathers.

Fig. 1. Scopoli’s Shearwater chick with a Type 2 bill malformation
(as per Nogales et al. 1990), side view (left) and top view (right).
Chick #1 was found in August 2011.

Fig. 2. Scopoli’s Shearwater chick with Type 1 bill malformation
(as per Nogales et al. 1990), side view (left) and top view (right).
Chick #2 was found in October 2015.

The three chicks did not have other visible deformities and did not
show any anomalies in other keratinized parts of the integument
(feathers and claws), nor did they exhibit any sort of skin disease.
From molecular sexing, we know that the second chick (from 2015)
was a male and that its parents produced a healthy female in 2017.
We have no information on the sex of the other deformed chicks or
of the normal chicks hatched by their parents.
No adults and other chicks with deformities were observed during
the study from 2006 to 2018. In total, 3 218 adult birds and 2 323
chicks were ringed. The frequency of bill malformation in all ringed
birds (5 541) was 0.05 %, but if we consider only the chicks (2 323),
it was 0.13 %.

Fig. 3. Scopoli’s Shearwater chick with Type 2 bill malformation
(as per Nogales et al. 1990), side view (left) and top view (right).
Chick #3 was found in October 2017.

TABLE 1
Comparison between the weight (mean and range) of normal chicks with that of chicks
having a deformed bill found during the same year and month
Normal chicks

Time period

a
b

Weight (g)

Year

Month

Mean

Range

2011

August

410

190–630

2015

October

748

2017

October

726

Deformed chicks
n

Malformationa

Weight (g)

Percentileb

125

Type 2

360

38th

550–1 000

88

Type 1

735

47th

450–905

294

Type 2

390

0th

Malformation type is indicated according to Nogales et al. (1990).
Percentile indicates the position of the deformed chicks’ weights relative to the distribution of the weights of normal chicks.
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DISCUSSION
The frequency of bill malformation found on Linosa Island is
consistent with other reports in the literature (Pomeroy 1962,
Nogales et al. 1990, Rockwell et al. 2003). Given that the
mandibles and the maxillae were crossed and that the maxillae
were either missing the tip of the hook or weren’t completely
developed, these birds were probably unable to hunt successfully
at sea, although they could survive when fed by parents (Nogales
et al. 1990). Reports on the King Penguin (Corbeau et al. 2017)
and the Black-capped Chickadee Poecile atricapillus (Handel et
al. 2010) indicate that birds may survive until adulthood in some
cases by altering their feeding habits, relying more on other types
of food (Van Hemert et al. 2012, Corbeau et al. 2017). However,
this seems to not be the case for Procellariiformes, since all
reports of bill deformities in this group involve only chicks; on
Linosa Island, we did not detect any bill deformity in an adult,
despite the large number of birds ringed. For the first and third
chicks, their delayed development and low body weight suggest
that the malformation may have affected even their ability to
receive food from their parents. Type 2 malformations appear
to affect food intake more dramatically, which consequently
affects growth. Another explanation could be the opposite: poor
food supplied by the parents could influence bill development.
Moreover, the first chick was found with the tip of the maxillae
freshly broken and still partially attached, while in the third chick,
the tip was already missing. Thus, we suggest that the absence of
the last segment of the maxillae is not a congenital condition, but
rather the result of a weakness in bill structure. As suggested by
Nogales et al. (1990), since the juveniles hadn’t already left the
nest and were still fed with oil by the parents, the malformation
is likely not the result of an accident, but rather is of infective,
environmental, or genetic origin.
In terrestrial birds, bill deformities have sometimes been observed
at very high rates in a limited number of sites. For example, bill
anomalies caused by keratin deficiency have been reported in 30
bird species in Alaska (Handel et al. 2010). These deformities were
attributed to an avian keratin disorder of unknown cause. Recent
studies (Zylberberg et al. 2016, Zylberberg et al. 2018) indicate
that a newly discovered picornavirus may be the causative agent
for avian keratin disorder. Many other causes have been suggested
to explain the presence of bill deformities: developmental
problems like improper bone growth or malocclusion (Stettenheim
2000); trauma (Pomeroy 1962); nutritional deficiencies (Tangredi
2007); infections of bacterial (Gartrell et al. 2003), viral (Mans
& Guzman 2007), fungal (Keymer 2008), or parasitic (Galligan
& Kleindorfer 2009) origin. No samples were taken to determine
if our chicks were subjected to an infection. However, we believe
that it is unlikely that the deformities we observed can be ascribed
to a keratin disorder, since no anomalies were observed in other
keratinized tissues, as was reported for the deformed Alaskan
birds (Handel et al. 2010).
Developmental anomalies can be caused by environmental
conditions, such as nutritional deficiencies, exposure to
contaminants, or disease pathogens. For example, bill deformities
related to problems with vitamin and calcium metabolism have
been reported in domestic chickens and turkeys (Romanoff 1972,
Stevens et al. 1984, Tangredi 2007) and in cormorants raised under
artificial light (Kuiken et al. 1999). Environmental contaminants,
particularly organic pollutants and heavy metals, have been
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related to outbreaks of craniofacial deformities (Kylin 2005,
Buckle et al. 2014, Handel & Van Hemert 2015); however, we
don’t have information to either support or exclude this possibility
here. Another possibility may be psittacine beak and feather
disease, a viral disease that causes developmental anomalies in
bills and feathers, but it is known to affect only parrots (Greenacre
2017). Support for the genetic origin might include the facts that
two of our three chicks had the same mother and that the third
chick was in a nest only 60 m away. In accordance with the high
philopatry in this species (Thibault 1993, Rabouam et al. 1998),
these findings could indicate that the individuals were somehow
genetically related.
ACKNOWLEDGEMENTS
This work was carried out in the framework of the LIFE project
LIFE1+Nat/IT/000093 Pelagic Birds. The fieldwork was also
supported by Ornis italica. The study was conducted under a permit
issued by the Regione Siciliana and Assessorato Risorse Agricole
e Alimentari. We thank Paolo Becciu for providing the pictures of
the first chick. We thank two anonymous reviewers who provided
comments to improve this paper.
REFERENCES
BUCKLE, K.N., YOUNG, M.J. & ALLEY, M.R. 2014. Investigation
of an outbreak of craniofacial deformity in Yellow-eyed Penguin
(Megadyptes antipodes) chicks. New Zealand Veterinary Journal
62: 250–257. doi:10.1080/00480169.2014.906332
CASAUX, R. 2004. Beak deformation in an Antarctic Cormorant
Phalacrocorax [atriceps] bransfieldensis chick. Marine
Ornithology 32: 109–110.
CORBEAU, A. & BOST, C.-A. 2017. A healthy, premoult adult
King Penguin (Aptenodytes patagonicus) with a markedly
twisted beak. Polar Record 53: 631–632. doi:10.1017/
S0032247417000559
GALLIGAN, T.H. & KLEINDORFER, S. 2009. Naris and beak
malformation caused by the parasitic fly, Philornis downsi
(Diptera: Muscidae), in Darwin’s small ground finch, Geospiza
fuliginosa (Passeriformes: Emberizidae). Biological Journal
of the Linnean Society 98: 577–585. doi:10.1111/j.10958312.2009.01309.x
GARTRELL, B.D., ALLEY, M.R. & KELLY, T. 2003. Bacterial
sinusitis as a cause of beak deformity in an Antipodes Island
Parakeet (Cyanoramphus unicolor). New Zealand Veterinary
Journal 51: 196–198. doi:10.1080/00480169.2003.36365
GOCHFELD, M. 1975. Developmental defects in Common Terns
of western Long Island, New York. The Auk 92: 58–65.
GREENACRE, C. 2017. Avian and exotic animal dermatology.
In: HNILICA, K.A. & PATTERSON, A.P. (Eds.) Small Animal
Dermatology: A Color Atlas and Therapeutic Guide, 4th
Edition. Amsterdam, Netherlands: Elsevier B.V. doi:10.1016/
C2014-0-01191-4
HANDEL, C.M. & VAN HEMERT, C. 2015. Environmental
contaminants and chromosomal damage associated with
beak deformities in a resident North American passerine.
Environmental Toxicology and Chemistry 34: 314–327.
doi:10.1002/etc.2799
HANDEL, C.M., PAJOT, L.M., MATSUOKA, S.M. ET AL. 2010.
Epizootic of beak deformities among wild birds in Alaska: An
emerging disease in North America? The Auk 127: 882–898.
doi:10.1525/auk.2010.10111

Marine Ornithology 47: 175–178 (2019)

178

Roatti et al.: Bill malformation in Scopoli's Shearwater chicks

JONES, C.W., RISI, M.M., KUNTZ, W., RYAN, P.G.,
STEINFURTH, A. & BOND, A.L. 2015. Bill deformities in
penguins (Spheniscidae): A global review. Marine Ornithology
43: 207–209.
KEYMER, I.F. 2008. Fungal diseases—Dermatophytosis, favus or
ringworm infection. In: SAMOUR, J. (Ed.) Avian Medicine, 2nd
Edition. New York, USA: Elsevier.
KUIKEN, T., FOX, G.A. & DANESIK, K.L. 1999. Bill
malformations in Double-crested Cormorants with low exposure
to organochlorines. Environmental Toxicology and Chemistry
18: 2908–2913. doi:10.1002/etc.5620181236
KYLIN, H. 2005. Juvenile Black-legged Kittiwakes Rissa tridactyla
with deformed bills and clubfeet in the Barents Sea. Ornis
Svecica 15: 149–152.
MANS, C. & GUZMAN, D.S.-M. 2007. What is your diagnosis?
Journal of Avian Medicine and Surgery 21: 235–238.
doi:10.1647/1082-6742(2007)21[235:WIYD]2.0.CO;2
MARTI, L.J., BELLAGAMBA, P.J. & CORIA, N.R. 2008. Beak
deformation in a Southern Giant Petrel Macronectes giganteus
chick. Marine Ornithology 36: 195–196.
MASSA, B. & LO VALVO, M. 1986. Biometrical and biological
considerations on the Cory’s Shearwater Calonectris diomedea.
In: MEDMARAVIS & MONBAILLIU, X. (Eds.) Mediterranean
Marine Avifauna: Population Studies and Conservation. NATO
ASI Series, volume G12. New York, USA: Springer-Verlag.
doi:10.1007/978-3-642-70895-4
NOGALES, M., MARTÍN, A. & ZINO, F.J.A. 1990. Bill
malformation of juvenile Cory’s Shearwaters Calonectris
diomedea borealis on Selvagem Grande. Bocagiana 139: 1–5.
POMEROY, D.E. 1962. Birds with abnormal bills. British Birds
55: 48–72.
RABOUAM, C., THIBAULT, J.-C. & BRETAGNOLLE, V. 1998.
Natal philopatry and close inbreeding in Cory’s Shearwater
(Calonectris diomedea). The Auk 115: 483–486.

ROCKWELL, R.F., PEZZANITE, B.M. & MATULONIS, P. 2003.
Developmental abnormalities in wild populations of birds: Examples
from Lesser Snow Geese (Chen caerulescens caerulescens).
American Museum Novitates 2003: 1–14. doi:10.1206/00030082(2003)400<0001:DAIWPO>2.0.CO;2
ROMANOFF, A.L. 1972. Pathogenesis of the Avian Embryo: An
Analysis of Causes of Malformations and Prenatal Death. New
York, USA: Wiley-Interscience.
STETTENHEIM, P.R. 2000. The integumentary morphology of
modern birds—An overview. Integrative and Comparative Biology
40: 461–477. doi:10.1093/icb/40.4.461
STEVENS, V.I., BLAIR, R., SALMON, R.E. & STEVENS, J.P.
1984. Effect of varying levels of dietary vitamin D3 on turkey
hen egg production, fertility and hatchability, embryo mortality
and incidence of embryo beak malformations. Poultry Science 63:
760–764. doi:10.3382/ps.0630760
TANGREDI, B.P. 2007. Environmental factors associated with nutritional
secondary hyperparathyroidism in wild birds. Avian and Poultry
Biology Reviews 18: 47–56. doi:10.3184/147020607X251212
THIBAULT, J.-C. 1993. Natal philopatry in the Cory’s Shearwater
(Calonectris d. diomedea) on Lavezzi Island, Corsica. Colonial
Waterbirds 16: 77–82.
VAN HEMERT, C., HANDEL, C.M. & O’BRIEN, D.M. 2012. Stable
isotopes identify dietary changes associated with beak deformities
in Black-capped Chickadees (Poecile atricapillus). The Auk 129:
460–466. doi:10.1525/auk.2012.12037
ZYLBERBERG, M., VAN HEMERT, C., DUMBACHER, J.P.,
HANDEL, C.M., TIHAN, T. & DERISI, J.L. 2016. Novel
picornavirus associated with avian keratin disorder in Alaskan
birds. mBio 7: e00874-16. doi:10.1128/mBio.00874-16
ZYLBERBERG, M., VAN HEMERT, C., HANDEL, C.M. &
DERISI, J.L. 2018. Avian keratin disorder of Alaska Blackcapped Chickadees is associated with Poecivirus infection. Virology
Journal 15: 1–9. doi:10.1186/s12985-018-1008-5

Marine Ornithology 47: 175–178 (2019)

