
Epizootic of BEak DEformitiEs among WilD BirDs in alaska:  

an EmErging DisEasE in north amErica?

Résumé.—L’apparition soudaine d’un groupe important d’animaux comportant de graves anomalies peut témoigner d’un 
changement significatif dans un écosystème. Nous décrivons une concentration inhabituelle de difformités du bec qui semblent avoir 
surgit rapidement en Alaska et qui s’étendent maintenant vers le sud le long de la côte du Pacifique. En Alaska, nous avons documenté, 
principalement au cours de la dernière décennie, 2 160 individus de Poecile atricapillus et 435 individus de 29 autres espèces d’oiseaux 
dotées d’un bec manifestement surdéveloppé et souvent croisé. La prévalence annuelle des anomalies du bec parmi les adultes 
de P. atricapillus dans le centre-sud de l’Alaska variait entre 3,6 % et 9,7 % et atteignait en moyenne 6,5 ± 0,5 % entre 1999 et 2008. 
Seulement 0,05 ± 0,05 % des oisillons et 0,3 ± 0,2 % des juvéniles âgés de moins de 6 mois possédaient des becs anormaux, ce qui 
suggère qu’il s’agit soit d’un développement latent ou d’une condition acquise. Nous avons documenté 80 cas pour lesquels un individu 
de P. atricapillus capturé avec un bec apparemment normal était subséquemment recapturé avec une anomalie du bec, et 8 cas pour 
les quels une difformité du bec n’était plus détectée lors d’une recapture. L’autopsie et l’histopathologie d’un échantillon d’individus 
affectés d’une anomalie n’ont fourni aucune preuve concluante de l’étiologie de cette condition. Les difformités semblent affecter 
principalement la couche de kératine du bec et peuvent résulter d’une croissance anormalement rapide de la rhamphothèque. Certains 
oiseaux affectés présentaient aussi des lésions dans d’autres tissus kératinisés de la peau, des pattes, des pieds, des serres et des plumes, 
ce qui peut représenter un trouble systémique ou des conditions secondaires. Des études complémentaires sont actuellement en cours 
afin d’identifier des indices diagnostiques et la cause sous-jacente de ce trouble de la kératine aviaire.
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Abstract.—The sudden appearance of a large cluster of animals with gross abnormalities may signal a significant change in 
an ecosystem. We describe an unusual concentration of beak deformities that appear to have arisen rapidly within Alaska and now 
extend southward along the Pacific Coast. In Alaska we have documented 2,160 Black-capped Chickadees (Poecile atricapillus) and 435 
individuals of 29 other species of birds, primarily during the past decade, with grossly overgrown and often crossed beaks. The annual 
prevalence of beak abnormalities among adult Black-capped Chickadees in south-central Alaska varied from 3.6% to 9.7% and averaged 
6.5 ± 0.5% between 1999 and 2008. Only 0.05 ± 0.05% of nestlings and 0.3 ± 0.2% of juveniles <6 months old had abnormal beaks, which 
suggests that this is either a latent developmental or an acquired condition. We documented 80 cases in which a Black-capped Chickadee 
captured with an apparently normal beak was subsequently recaptured with a beak abnormality and 8 cases in which a beak deformity was 
no longer detectable upon recapture. Necropsy and histopathology of a sample of affected individuals provided no conclusive evidence 
of the etiology of this condition. Deformities appear to affect primarily the keratin layer of the beak and may result from abnormally 
rapid growth of the rhamphotheca. Some affected birds also exhibited lesions in other keratinized tissues of the skin, legs, feet, claws, 
and feathers, which may represent a systemic disorder or secondary conditions. Additional studies are currently underway to determine 
diagnostic signs and the underlying cause of this avian keratin disorder. Received 29 April 2010, accepted 3 July 2010.
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Avian beaks are remarkable for their diversity in shape and size 
and provide elegant illustrations of the process and power of nat-
ural selection (Darwin 1859, Amadon 1947, Newton 1967, Grant 
1986, Grant and Grant 2006, Badyaev et al. 2008, Badyaev 2010). 
Gross abnormalities of the beak have long drawn the attention of 
scientists not only because they are inherently intriguing but also 
because their debilitating effects engender their rarity in the wild. 
Even small differences in beak morphology can critically affect 
what foods are accessible to individuals (e.g., Boag and Grant 1981, 
Benkman and Lindholm 1991, Temeles and Kress 2003) and how 
well they can defend against ectoparasites (Clayton et al. 2005). 
Because beaks are under such strong selection pressure, there has 
been great interest in understanding the mechanisms that control 
their morphology. Recent research has revealed that changes in a 
few, key morphogenetic proteins can result in a broad diversity of 
beak shapes by influencing the embryonic development of the un-
derlying bones (Schneider and Helms 2003; Abzhanof et al. 2004, 
2006; Wu et al. 2004, 2006; Schneider 2005; Campàs et al. 2010). 
The shape and function of the avian beak are controlled, however, 
by more than just the underlying skeletal structure.

The bones of the beak are covered by the rhamphotheca, a 
thick, modified layer of the integument that in most birds is hard 
and heavily cornified, consisting of closely packed, keratinized 
cells (Lucas and Stettenheim 1972, Stettenheim 2000). The struc-
ture of the rhamphotheca itself shows remarkable morphological 
adaptations for foraging, including specialized sensory organs for 
detecting prey (Piersma et al. 1998) and surfaces for straining, cut-
ting, tearing, and cracking foods (Storer 1971, Stettenheim 2000). 
The bill tip and tomia (cutting edges of the beak) are worn down 
through normal processes such as feeding and pecking, and the 
rhamphotheca is continually being replaced as keratinized cells 
are worn off (Lüdicke 1933, Cooper and Harrison 1994, Lumeij 
1994). Several studies of passerines have related seasonal changes 
in bill length to changes in diet and the concomitant rates of wear 
and abrasion of the rhamphotheca (Clancey 1948; Davis 1954, 
1961; Gosler 1987; Morton and Morton 1987). Little is known, 
however, about the mechanisms that control the growth of the 
rhamphothecal tissues.

Causes of beak abnormalities are often difficult to determine, 
but they can arise from improper bone growth, malocclusion (mis-
alignment) of the maxilla and mandible, or disruption of the ger-
minative layers of the beak (Stettenheim 1972, Lumeij 1994). Beak 
deformities among wild and domestic birds have been attributed 
to a broad array of factors, most commonly trauma or improper 
wear of the rhamphotheca (Pomeroy 1962, Lumeij 1994, Olsen 
2003); nutritional deficiencies, particularly related to vitamins or 
calcium metabolism (Romanoff 1972, Stevens et al. 1984, Tangredi 
2007); and bacterial, viral, fungal, or parasitic infections (Gartrell 
et al. 2003, Mans and Guzman 2007, Keymer 2008, Galligan and 
Kleindorfer 2009). Less commonly documented causes include 
exposure to extreme heat (West 1959), liver disease (Lumeij 1994), 
toxins (Bassir and Adenkunle 1970), radiation (Møller et al. 2007), 
and neoplasms (Owen et al. 2007).

The published literature is replete with records of generally 
isolated cases of wild birds with abnormally grown bills from all 
over the world (for summaries, see Pomeroy 1962, Craves 1994). 
An extraordinary specimen of an Ivory-billed Woodpecker (Cam-
pephilus principalis) with a decurved, grossly overgrown upper 

beak >40 cm long was collected in Cuba as early as the mid-19th 
century (Cory 1886, Jackson 2002). Few studies have documented 
the rates at which such deformities occur within normal wild pop-
ulations, likely because estimating rare events requires large sam-
ple sizes (Rockwell et al. 2003). In the few populations that have 
been systematically examined for morphological abnormalities, 
frequencies of beak deformities have generally been <1% (Hicks 
1934, Pomeroy 1962, Hays and Risebrough 1972, Sharp and Neill 
1979, Tweit et al. 1983, Nogales et al. 1990, Rockwell et al. 2003, 
Badyaev 2010).

Although scattered reports of such beak abnormalities are not 
unexpected, the sudden appearance of a large geographic cluster 
of morphological abnormalities in a wildlife population can be an 
early sign of a much larger underlying ecological problem. Begin-
ning in the mid-1970s, high rates of crossed beaks and other con-
genital malformations were documented in aquatic birds around 
the Great Lakes, an area where increased levels of persistent or-
ganochlorine contaminants were documented (Gilbertson et al. 
1976, 1991; Fox et al. 1991; Yamashita et al. 1993; Bowerman et al. 
1994; Ludwig et al. 1996; Ryckman et al. 1998; Custer et al. 1999). 
During the 1980s, a high incidence of gross abnormalities, includ-
ing beak malformations, was found among embryos and hatch-
lings of aquatic birds exposed to elevated levels of selenium from 
agricultural runoff in California (Ohlendorf et al. 1986a, b, 1988; 
Hoffman et al. 1988). These epizootic clusters were among the first 
indicators that teratogenic compounds had accumulated in the 
environment in ecologically significant concentrations.

Here, we document an unusual concentration of beak abnor-
malities among a broad suite of bird species in Alaska. We were 
first alerted to the phenomenon in 1998 when we received reports 
of single Black-capped Chickadees (scientific names of all Alaskan 
species discussed are given in Table 1) with grossly elongated beaks 
at bird feeders in two widely separated areas in Alaska. We began 
compiling observations and historical records of similar deformi-
ties in the region. When it became clear that these constituted a 
significant cluster, particularly for the Black-capped Chickadee, 
we began a multifaceted study of the problem. The objectives of 
this study were to (1) describe the types of beak abnormalities ob-
served among all species in Alaska, (2) document the geographic 
distribution and timing of abnormalities observed, (3) estimate 
the prevalence of beak abnormalities in different age cohorts of 
Black-capped Chickadees to determine whether this condition 
was more likely congenital or acquired, and (4) conduct pathologi-
cal examinations of a sample of affected individuals to determine 
the etiology of the disorder.

Methods

Distribution.—After our first observations of Black-capped 
Chickadees with grossly elongated beaks in Anchorage, Alaska, 
we solicited additional observations from biologists and the pub-
lic through local chapters of the National Audubon Society and 
the media (print, radio, and television). We searched the published 
literature and continued to seek observations from across North 
America through colleagues, the national media, the Cornell Lab 
of Ornithology FeederWatch Program, and a variety of listserv-
ers used by banders, birders, and contaminants specialists. Via 
telephone or e-mail we contacted observers who had reported 
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deformed birds and requested the following information: spe-
cies, detailed description and photographs of the morphological 
abnormality, date(s) observed, location, and behavior. We care-
fully screened all reports for accuracy and entered all verified ob-
servations into a database and geographic information system to 
produce maps of distribution. We excluded probable duplicate 
sightings of individuals on the basis of locations, dates, and de-
scriptions of the deformities.

Prevalence.—To estimate prevalence in breeding adult and 
nestling Black-capped Chickadees, we erected nest boxes across 
residential areas (n = 164), large tracts of rural property (10–70 
ha; n = 66), and municipal and state parks (18–200,000 ha; n = 
266). These sites were established in south-central Alaska around 
Anchorage and the Matanuska-Susitna Valley, areas where large 
numbers of Black-capped Chickadees with abnormal beaks had 
been reported. We monitored the boxes from late March through 
early July during the summers of 2000–2004. Once nest build-
ing had begun, we checked boxes every 2–4 days to determine the 
date of initiation of egg laying and final clutch size. We monitored 
most nests every 4–6 days during incubation and 1–2 days around 
the expected date of hatch to document chronology, hatching 

success, and any congenital defects. We captured adults inside the 
nest box during incubation (females) or when provisioning nest-
lings (males) and banded, weighed, measured, and examined each 
individual for gross abnormalities. We measured, weighed, and 
examined nestlings for malformations on day 0 (date of hatch) or 
1 and generally at days 4, 7, 10, 12, and 14; chicks were individually 
marked by clipping claws at hatch and were banded on day 12.

From 2001 to 2008 we conducted a systematic capture– 
recapture study to monitor the prevalence of deformities by sex 
and age during the nonbreeding season. We used modified fun-
nel traps (Senar et al. 1997), sometimes augmented with mist 
nets, to capture Black-capped Chickadees every 2 months between 
September and April on three to five 10-ha sites (in parklands  
surrounded by residential areas) around Anchorage and the 
Matanuska-Susitna Valley. Ten traps at each site were baited with 
unhulled black oil sunflower seeds and peanut butter 10–14 days 
before each trapping session. We captured birds using mist nets 
around temporary feeders twice on the Kenai National Wildlife 
Refuge, 75 km south of our main study area and at least 15 km away 
from any residential areas, to determine whether birds with beak 
deformities occurred in areas normally devoid of bird feeders. 

table 1. Minimum numbers of individual birds, by species, reported with crossed or elongated beaks in Alaska, ca. 1979–2009. These exclude proba-
ble resightings of the same individuals on the basis of proximity of observations and similarity of beak deformities from descriptions or photographs.

Species
Years  

reported
Number of  
individuals Crosseda Elongateda

Pacific Loon (Gavia pacifica) 2007 1 +
Bald Eagle (Haliaeetus leucocephalus) 2000, 2007 2 + +
American Kestrel (Falco sparverius) 2005 1 +
Peregrine Falcon (F. peregrinus) 2000 1 +
Sandhill Crane (Grus canadensis) 2009 1 +
Black-legged Kittiwake (Rissa tridactyla) 2007 1 +
Glaucous-winged Gull × Herring Gull (Larus glaucescens × argentatus) 2008 1 +
Downy Woodpecker (Picoides pubescens) 1979–2009b 33 + +
Hairy Woodpecker (P. villosus) 1999–2008 12 + +
Steller’s Jay (Cyanocitta stelleri) 1997–2009 39 + +
Black-billed Magpie (Pica hudsonia) 1997–2009 60 + +
Northwestern Crow (Corvus caurinus) 1979–2009b 148 + +
Common Raven (C. corax) 1992–2009 18 + +
Black-capped Chickadee (Poecile atricapillus) 1991–2008 2,160 + +
Chestnut-backed Chickadee (P. rufescens) 2008 1 +
Boreal Chickadee (P. hudsonicus) 1994–2002 5 + +
Red-breasted Nuthatch (Sitta canadensis) 1998–2009 75 + +
Ruby-crowned Kinglet (Regulus calendula) 1999 2 +
American Robin (Turdus migratorius) 1999–2005 3 +
Varied Thrush (Ixoreus naevius) 2001–2008 3 + +
European Starling (Sturnus vulgaris) 2009 1 +
Orange-crowned Warbler (Oreothlypis celata) 2002–2004 2 + +
Yellow-rumped Warbler (Dendroica coronata) 1998–2007 3 + +
American Tree Sparrow (Spizella arborea) 2002 1 +
Savannah Sparrow (Passerculus sandwichensis) 1999 1 +
Lincoln’s Sparrow (Melospiza lincolnii) 2002 1 +
Dark-eyed Junco (Junco hyemalis) 2002 1 + +
Pine Grosbeak (Pinicola enucleator) 1999–2007 6 + +
Common Redpoll (Acanthis flammea) 1999–2004 6 + +
Pine Siskin (Spinus pinus) 1999–2004 6 + +

a+ = Condition observed in at least one individual.
bEarliest report was from the late 1970s or early 1980s, specific date unknown.
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At each site, we trapped birds for 6 h per day beginning at sunrise, 
checking traps every 40–60 min and bringing birds back in individ-
ual laundered and bleached cloth bags to a central banding station. 
Each bird was examined for abnormalities, weighed, measured, 
bled, banded, and released. For each trapping period, we calculated 
the prevalence of beak abnormalities by sex and age cohort and we 
tracked the history of beak growth for all recaptured individuals. 
We also used mist nets and traps at targeted residences to capture 
additional affected birds for examination. These captures were not 
used in estimates of prevalence.

Measurements, aging, and sexing.—We recorded mass and 
other standard body measurements for each bird banded or col-
lected (Pyle 1997). We used beak morphometrics to characterize 
normal and abnormal beaks and to monitor the development of 
beak deformities in individual birds through time. The standard 
measurement of the beak taken for all individuals was the distance 
from the anterior end of the right or left nare to the tip of the upper 
beak (with digital calipers to 0.1 mm). For birds with beak abnor-
malities, we also measured the exposed culmen (chord from base 
of the anterior-most feathers on the forehead to tip of the upper 
beak); the gonys (chord between anterior end of the notch along 
the centerline of lower beak to tip); and any overbite (chord of up-
per beak beyond where it meets lower beak) or underbite (chord 
of lower beak beyond upper). For individuals with an extremely 
curved beak, we used a piece of thread to measure (to 1 mm) the 
curved distances along the culmen and gonys. The direction and 
extent of lateral crossing of upper and lower beaks were noted and 
measured in extreme cases. Our terminology and measurements 
of the beak follow Lucas and Stettenheim (1972) and Pyle (1997).

We distinguished hatching-year Black-capped Chickadees 
from older ones during autumn by incomplete pneumaticization 
of the skull and, later in the season, by narrowness of the outer-
most rectrices and absence of white on the tips (Meigs et al. 1983, 
Pyle 1997). All Black-capped Chickadees captured between January 
and June were classified as adults. Breeding adults were sexed by 
brood patch (female) or cloacal protuberance (male); nonbreed-
ing adults and nestlings were sexed by genetic analysis of buccal 
samples or blood samples collected by ulnar venipuncture (Handel 
et al. 2006).

Pathology.—We collected a sample of birds from Anchor-
age and the Matanuska-Susitna Valley in south-central Alaska 
between 1999 and 2006 for pathologic examination. We used a 
GE Senographe DMR with Kodak MIN-R mammography film to 
obtain high-resolution radiographs of 4 Black-capped Chickadees 
with and 3 without gross beak abnormalities to look for evidence 
of skeletal lesions in the abnormal birds. Six adult Black-capped 
Chickadees with and two without beak abnormalities were exam-
ined at the U.S. Geological Survey’s National Wildlife Health Cen-
ter (NWHC; Madison, Wisconsin) for necropsy, histopathology, 
and microbiology (cases nos. 16169, 18458, and 19729). We also ex-
amined one nestling with a slightly elongated upper beak and two 
with abnormal legs (case no. 18224). One of the adults exhibited 
raspy breathing upon capture and died while being held for obser-
vation. All other birds were euthanized by cervical dislocation, ex-
posure to CO2 in a chamber, or open-drop exposure to isoflurane 
inhalant anesthesia. We air-shipped fresh carcasses in insulated 
coolers to NWHC, where they were examined for gross pathology 
and osteologic lesions. Histopathology included examination of 

beak, head, heart, lungs, liver, spleen, ventriculus, proventriculus, 
kidney, leg bone, and pectoral muscle. Tissues were fixed in 10%  
neutral buffered formalin, embedded in paraffin, sectioned at 5 μm, 
and stained with hematoxylin and eosin. Spleen and liver tissues 
were cultured for salmonella and other bacteria. Tissues from 
beak, kidney, spleen, liver, and skin were cultured for viruses; 
cloacal swabs were submitted to another laboratory for polymerase 
chain reaction (PCR) tests for viruses.

Estimates of prevalence.—The first step in estimating the prev-
alence of beak abnormalities in Black-capped Chickadees was dis-
criminating abnormal from normal beaks. Gross elongation and 
crossing of the upper and lower beaks were obvious, but we were 
uncertain how to distinguish slight, normal overbites from incipient 
deformities. We had no historical data on normal beak measure-
ments for our study population, so we were not certain at what point 
beak length should be classified as abnormal among individuals in 
which the tips of the beak did not cross or overgrow each other.

We reasoned that the average amount of overbite should be 
small and relatively constant across the range of normal beak 
lengths but for deformed beaks the overbite should increase 
abruptly with increasing length of the beak. Therefore, we em-
ployed a piecewise regression analysis to identify the length of the 
upper beak (as measured from nares to tip) at which a significant 
change in the amount of overbite in relation to the nares-to-tip 
measurement (i.e., slope of regression line) occurred. We used this 
change-point to determine what the maximum length of overbite 
should be for an upper beak of “normal” length (i.e., less than the 
change-point). Because measurements of individuals could vary 
seasonally and interannually, we included all measurements ob-
tained from adults captured during our study. We used the SAS 
9.1 Interactive Matrix Language program provided by Dunnigan 
et al. (1997), which uses an iterative grid-search process to identify 
the change-point in slope and fits a two-phase regression model 
(based on minimizing residual sum of squares). We used an F-test 
to compare the fit of the piecewise regression model with that of a 
simple linear regression model.

For individuals with a bill length less than the change-point 
and with no evidence of crossing, we ran a bootstrap analysis to es-
timate an upper tolerance level of overbite that would include 99% 
of the population with 99% confidence. Using MINITAB, version 
14.20, we randomly resampled all individuals, with replacement, 
1,000 times. From each of these bootstrap samples, we selected 
the measurement of the 99th percentile; the upper tolerance level 
for a normal overbite was the 99th percentile among these. Ex-
ceeding this amount of overbite (or the rarer underbite) was used 
as a criterion for classifying the beak as abnormal.

The final criterion we sought to determine was the length at 
which the upper beak should be considered abnormal in individu-
als in which both the upper and lower beaks were long but met at 
the tips (no overbite, not crossed). We first used SPSS, version 14.0, 
to construct a receiving operating characteristic (ROC) curve 
that used just the nares-to-tip measurement to identify individu-
als with known deformities (i.e., a crossed bill or an overbite that 
exceeded the normal length determined from the piecewise re-
gression and bootstrap analysis). We then used the ROC curve to 
examine the tradeoff between sensitivity (probability of correctly 
identifying individuals with abnormal beak growth) and 1 − speci-
ficity (probability of falsely identifying individuals with “normal” 
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beak growth as abnormal) at different lengths of nares-to-tip. To 
minimize false classifications of normal birds as abnormal, we se-
lected a cutoff length that was greater than the change-point de-
termined above and that was likely to be exceeded by only 2% of 
individuals without an excessive overbite or crossed bill. Exceed-
ing this length in nares-to-tip was used as a third criterion for 
classifying a beak as abnormal.

Given the above criteria, we estimated prevalence of beak ab-
normalities as the proportion of birds affected in the following age 
cohorts: (1) nestlings from 0–12 days of age; (2) postfledging ju-
veniles captured between September and December (about 3–6 
months of age); and (3) adults (>6 months). For the first two age co-
horts, prevalence was estimated across all years of the study com-
bined. For adults, prevalence was estimated for each field season 
(1 July–30 June) in relation to timing of reproduction. Individuals 
captured during November and December with completely ossi-
fied skulls and indeterminate tail characteristics were excluded 
from these estimates because we could not distinguish whether 
they were juveniles or adults. Birds captured multiple times were 
included in estimates once for each field season in which they were 
captured and were characterized as affected if a deformity was 

recorded on any capture occasion within that season. The stan-
dard error of the proportion affected was calculated using the for-
mula for a binomial proportion (Zar 1996). We used a chi-square 
test of independence to compare the sex ratio of postfledging 
Black-capped Chickadees with and without beak deformities and 
used a Student’s t-test to compare beak measurements of males 
and females (Zar 1996). We also used chi-square tests of indepen-
dence to compare the frequencies of other abnormal conditions in 
individuals with and those without beak deformities. Statistics are 
presented as means ± SE unless otherwise noted.

Results

Numbers and distribution of birds with beak abnormalities.—We 
documented 2,160 Black-capped Chickadees in Alaska and 31 
elsewhere in North America with crossed or elongated beaks be-
tween 1986 and 2009 (Fig. 1). The earliest cases in Alaska included 
single individuals at King Salmon in western Alaska in November 
1991 and at Nancy Lakes in south-central Alaska in April 1992. 
Since then, reports have been concentrated in Anchorage and the 
Matanuska-Susitna Valley in south-central Alaska but now extend 

fig. 1. (A) Locations of Black-capped Chickadees documented with crossed or elongated beaks from 1986 to 2009, including 2,160 in Alaska and 31 
elsewhere in North America. (B) Places mentioned in the text and the major road systems along which potential observers and, therefore, observa-
tions were concentrated. Dashed line shows Matanuska-Susitna Valley. (C) Locations of 435 individuals of 29 other species of birds with beak defor-
mities in Alaska documented ca. 1979–2009.
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fig. 2. Number of Black-capped Chickadees and individuals of other 
species with beak deformities documented during each field season (1 
July–30 June) in Alaska, 1991–2009.

throughout much of the species’ range in Alaska. Coincident with 
increased media coverage of the problem, numbers of reports in-
creased exponentially until winter of 2000–2001, after which they 
fluctuated annually (Fig. 2). Outside of Alaska, the earliest docu-
mented cases we found were of single birds at two locations in On-
tario during winter 1986–1987. Through June 2009, total reports 
included 7 Black-capped Chickadees from Ontario, 3 from Que-
bec, 5 from Washington, 3 from New York, 2 from Wisconsin and 
Pennsylvania, and 1 each in Montana, Michigan, Ohio, West Vir-
ginia, New Jersey, Connecticut, New Hampshire, Vermont, and 
Maine. All reports were of single individuals except in Lakefield, 
Ontario, where 2 Black-capped Chickadees with beak deformities 
were observed at one residence.

We also documented 435 individuals of 29 other species of 
birds in Alaska with grossly crossed or elongated beaks (Table 1). 
These belonged to 14 families and 6 orders, with corvids (Corvi-
dae), woodpeckers (Picidae), and nuthatches (Sittidae) being most 
commonly reported. The earliest records were of a Downy Wood-
pecker collected in Homer on the Kenai Peninsula and of a North-
western Crow observed on Kodiak Island, both during the late 
1970s or early 1980s (specific dates unknown). Subsequent reports 
followed the same general temporal (Fig. 2) and geographic pat-
tern as the Black-capped Chickadee reports, although many obser-
vations of crows were recorded from southeastern Alaska, where 
Black-capped Chickadees rarely occur (Fig. 1).

Gross morphology of beak deformities.—In a Black-capped 
Chickadee, normally the upper and lower beaks are straight and 
meet at the tips (Fig. 3A). In most individuals with gross beak 

abnormalities, the upper beak was elongated, often with a pro-
nounced decurvature (Fig. 3B–D). In some cases, the lower beak 
was also elongated and often upcurved, resulting in crossed pre-
sentation (Fig. 3E–H). It was relatively rare to have only the lower 
beak overgrown (Fig. 3I), and we documented a single case in which 
the upper beak was curved in a lateral arc, almost from its base (Fig. 
3J). In some cases both the upper and lower beaks were elongated 
but not laterally deviated; this generally resulted in a pronounced 
gap (Fig. 3K). In many cases the overgrowth, particularly of the up-
per beak, was thin and brittle (Fig. 3D). In a few cases, however, the 
beak exhibited severe thickening along its entire length (Fig. 3L). 
Abnormal beaks often had a series of semi-elliptical or longitudi-
nal ridges along the upper beak surface anterior to the nares, which 
suggested patterns of irregular growth of the keratinized tissues. 
In many cases the tomia of the upper or lower beak or both were 
overgrown and had irregular, often thin edges.

We observed a few other abnormal characteristics more fre-
quently among Black-capped Chickadees with beak deformities (n = 
246) than among those with apparently normal beaks (n = 2,545): 
(1) patches of feathers missing, particularly in the loral or occipital 
regions, or contour feathers that appeared to be abnormally plu-
maceous (in 11.8% of birds with beak deformities vs. 1.30% of birds 
with normal beaks; χ2 = 113.68, df = 1, P < 0.001); (2) one to several 
white feathers instead of black in the loral region (2.4% vs. 0.55%; 
χ2 = 11.25, df = 1, P = 0.001); (3) brown feathers instead of black in 
the loral region (5.7% vs. 0.86%; χ2 = 41.04, df = 1, P < 0.001); (4) 
patches of dry, flaky, or reddened skin (Fig. 4A; 8.5% vs. 0.90%; χ2 = 
84.23, df = 1, P < 0.001); and (5) dermatoses on the tarsometatarsi, 
conditions in which keratinized scales were sloughing off in layers 
without obvious inflammation (Fig. 4B; 4.5% vs. 0.16%; χ2 = 78.11, 
df = 1, P < 0.001). Two birds with overgrown beaks (0.8%) and 2 
with apparently normal beaks (0.08%) had one or more claws that 
were abnormally long or malformed (Fig. 4C). One incubating fe-
male with a severe beak deformity had what appeared to be a large, 
subcutaneous lipoma on the abdomen along the brood patch.

Beak abnormalities reported among most other species in 
Alaska, particularly the corvids, were similar to those of Black-
capped Chickadees, with varying amounts of elongation, lateral 
deviation, and crossing (Fig. 5 and Table 1). However, in Red-
breasted Nuthatches, Downy Woodpeckers, and Hairy Wood-
peckers, the upper and lower beaks generally grew long and 
straight, sometimes crossing at the tips (Fig. 5B–C). In species 
with a single or few individuals reported, the morphology of the 
deformities varied and may represent unrelated conditions or 
differences in expression of the same disorder. Most of the other 
small passerines had crossed beaks (Fig. 5F). Reports of adult Bald 
Eagles, a nestling Peregrine Falcon, and an immature Black-legged 
Kittiwake also indicated a crossed beak and little to no elongation 
of the upper beak; the Peregrine Falcon was also missing one eye 
(T. Swem pers. comm.). Photographs of what appeared to be an 
immature Glaucous-winged Gull × Herring Gull hybrid showed 
an elongated and irregularly shaped lower beak that was slightly 
offset laterally from the upper beak.

Pathology.—High-resolution radiographs of 4 adult Black-
capped Chickadees with abnormal beaks showed no macroscopic 
evidence of skeletal lesions; lesions appeared to be restricted to the 
rhamphotheca, with elongation and thickening of the keratinized 
layers over anterior portions of the premaxillary and mandibular 
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fig. 3. Examples of Black-capped Chickadees in Alaska from 1999 to 2009 with (A) normal beak; (B–D) elongated upper beak; (E–H) elongated and 
crossed upper and lower beaks; (I) elongated lower beak; (J) laterally curved upper beak (showing malformed premaxilla); (K) elongated upper and 
lower beaks with pronounced gap; and (L) elongated, crossed, and thickened upper and lower beaks. Dirty, matted plumage (E–G) is typical of chick-
adees with impaired ability to preen. (Photograph C by E. VanderWerf; others by C. M. Handel.)
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fig. 5. Examples of other species in Alaska with beak deformities that ranged in the extent of crossing and elongation: (A) Boreal Chickadee (L. Quak-
enbush, Fairbanks, 1994); (B) Red-breasted Nuthatch (D. Henderson, Anchorage, 2007); (C) Hairy Woodpecker (R. Van Dusseldorp, Kenai, 2009); 
(D) Black-billed Magpie (J. Tileston, Anchorage, 2004); (E) Northwestern Crow (H. Cline, Seward, 2007); and (F) Yellow-rumped Warbler (C. Erwin, 
Kantishna, 1998).

fig. 4. Other lesions found in Black-capped Chickadees in Alaska from 
1999 to 2009: (A) dry, reddened skin in loral region; (B) dry, sloughing 
scales on tarsometatarsus; (C) overgrown claw on middle toe. (Photo-
graph C by D. Kuhle; others by C. M. Handel.)

bones (Fig. 6). Necropsy and histopathologic examination of 5 
adults (3 females and 2 males) with crossed and elongated beaks 
revealed no significant osteological lesions of the cranium. Bac-
terial cultures for tissues of all 5 birds were negative. Three had 
unidentified feather lice (Mallophaga) and 2 had unidentified 
feather mites (Acari), but there was no evidence of infection by 
mites (Knemidocoptes spp.). No other gross or microscopic lesions 
were noted. No viruses were cultured from the beaks or from 
the pooled spleen–kidney or pooled spleen–liver of any of these 
adults. There was no radiographic evidence of reduced bone den-
sity in affected adults.

Necropsy of the fourth adult female, which exhibited a se-
verely crossed and overgrown beak and labored breathing, deter-
mined the cause of death to be fractured ribs and massive thoracic 
hemorrhage. The bird’s plumage was dirty and matted, and the 
head and breast were covered with egg cases of feather mites. The 
epithelium of the head and breast was dry, and the keratinized 
scutes on the tarsometatarsae were prominent and sloughing. 
Histopathologic examination revealed a mass of fungal hyphae in 
the cavity of an unidentified bone at the base of the brain and roof 
of the mouth, resulting in a clinical diagnosis of mycotic osteo-
myelitis. The hyphal mass was in the general area of the quadrate, 
pterygoid, and palatine bones; distortion of any of these could 
have affected the orientation of the quadratojugal and of the nasal 
and premaxillary bones that form the upper beak (L. Sileo pers. 
comm.). Bacterial and viral isolation attempts from the spleen 
were negative. Cloacal swabs submitted to Washington State Uni-
versity for PCR tests were negative for psittacine beak and feather 
disease, avian psittacine polyoma virus, and pigeon circovirus.

Necropsy and pathologic examination revealed no obvious 
cause of fatal illness in the two 12-day-old brood mates that had 
each exhibited labored breathing, extreme lethargy, and a twisted, 
dangling leg. One had a folding fracture of the right femur, and 
the other had a folding fracture in the right midshaft tibiofibula. 
There was no evidence of trauma in the surrounding tissues and 
no other gross lesions. A slight overbite was evident in both nest-
lings under magnification. Pathology revealed no gross lesions in the 
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15-day-old nestling with a slightly overgrown upper beak (0.5 mm 
overbite, and whose attending male parent had 0.8 mm overbite), 
but cross sections of the beaks of all 3 nestlings showed occasional 
areas of epithelial disorganization. A similar finding was noted in 
the beak epithelium of the 3 cross-beaked adults upon reexamina-
tion. Slides were submitted to Kansas State University for electron 
microscopy, and no viral inclusion bodies were found.

Characterization of beak abnormalities based on 
measurements.—We classified any beak as abnormal if the upper 
and lower beaks were laterally offset from each other (i.e., crossed). 
For individuals in which the upper beak was longer than the lower 
(overbite), we determined statistically what amount of overbite 
should be considered abnormal. A two-phase regression with a 
change-point for the nares-to-tip measurement at 8.25 mm (Fig. 7) 
explained more of the variation in overbite than a single linear re-
gression (F = 243, df = 3 and 2,096, P < 0.0001). Adults with nares-
to-tip <8.25 mm had a mean overbite of only 0.127 ± 0.004 mm  
(n = 1,894); 50% had an overbite of ≤0.1 mm, 99.5% were ≤1.0 mm, 
and the maximum recorded was 1.5 mm. There was a very slight 
increase in overbite for each 1.0-mm increase in the length of the 
upper beak (β1 = 0.16 ± 0.01, adj. R2 = 0.13, P < 0.0001).

For adults with nares-to-tip >8.25 mm (n = 206), the overbite 
increased an average of 1.03 ± 0.03 mm for each 1 mm of increase 
in nares-to-tip (β1, adj. R2 = 0.89, P < 0.0001). This suggested that 
each unit of increase in overbite reflected an equivalent increase 
in beak length. Fewer than 5% of these birds had an overbite ≤0.1 mm, 

50% exceeded 1.5 mm, and the overbite averaged 3.6 ± 0.3 mm. 
Bootstrap resampling suggested that, with a confidence level of 
99%, the overbite did not exceed 1.0 mm for 99% of the adults with 
uncrossed bills and nares-to-tip <8.25 mm (n = 1,821). Thus, we 
classified any beak as abnormal if the overbite or (much rarer) 
underbite exceeded 1.0 mm.

We next determined what constituted an abnormal beak in 
birds in which the upper and lower beak met at the tips but were 
both long and did not cross. The ROC curve analysis of all adult 
Black-capped Chickadees (n = 2,100) suggested that 95.8% of birds 
with a crossed beak or an overbite of >1.0 mm would have a nares- 
to-tip measurement ≥8.25 mm and thus be correctly classified 
as abnormal on the basis of beak length alone. However, 3.5% of 
birds without crossed beaks or overbites would have been classi-
fied (perhaps incorrectly) as abnormal above that cut-point. Using 
a cut-point of 8.5 mm provided a true positive rate (sensitivity) of 
89.6% and a false positive rate (1 − specificity) of 2.0%. We thus 

fig. 7. Two-phase regression of overbite of upper beak in relation to 
length of beak measured from nares to tip in adult Black-capped Chicka-
dees with normal and abnormal beaks captured in south-central Alaska, 
1999–2008. Lower graph is enlargement of area inside dashed box in up-
per graph and illustrates change in slope at 8.25 mm.

fig. 6. Radiographs of (A) adult Black-capped Chickadee with over-
grown rhamphotheca and (B) juvenile Black-capped Chickadee with 
normal beak collected in south-central Alaska in 1999. Arrows point to 
tip of premaxilla underlying rhamphotheca. Original image of juvenile 
was reversed for more direct comparison of beaks.
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selected 8.5 mm as a generous upper cut-point for a “normal” nares-
to-tip measurement, given that we were likely to incorrectly classify 
at most 2% of normal birds as abnormal on the basis of this mea-
surement alone and that we might misclassify ~10% of abnormal 
birds as normal.

In normal adult Black-capped Chickadees, the upper beak 
ranged from 6.0 to 8.5 mm from nares to tip and averaged slightly 
longer in males (7.28 ± 0.01 mm, n = 1,248) than in females (7.15 ± 
0.01 mm, n = 1,331, P < 0.001); the gonys of the lower beak ranged 
from 6.0 to 7.5 mm and did not differ by sex (P = 0.61; Table 2). 
Among 258 Black-capped Chickadees of known sex that we classi-
fied as having abnormal beaks, the upper beak ranged from 6.6 to 
40.3 mm from nares to tip, averaging about 4–5 mm longer than 
that of normal birds (Table 2). The gonyl measurement of abnor-
mal lower beaks ranged from 5.4 to 28.4 mm, averaging ~3 mm 
longer than normal. Measurement along the curvature of the up-
per beak ranged from 6.5 to 43.0 mm and averaged 17.7 ± 1.0 mm 
(n = 62). Among 14 birds with an upcurved lower beak, the length 
along the curvature ranged from 7.4 to 21.5 mm, averaging 14.3 ± 
1.1 mm. Abnormal beaks did not differ between males and females 
in any measurements (all P > 0.05).

Prevalence of deformities by age and sex.—The percentage of 
adult (>6 months of age) Black-capped Chickadees captured each 
year with beak abnormalities varied from 3.6% to 9.7% between 
1999 and 2008 during systematic trapping efforts at nest boxes 
and winter feeding stations in the greater Anchorage area and 
Matanuska-Susitna Valley (Fig. 8). We recorded 161 cases of beak 
deformities among the 2,479 bird-years sampled (average annual 
prevalence of 6.5 ± 0.5%); these cases represented 150 different in-
dividuals among 2,054 birds examined one or more times across 
this entire period. Two of 641 juveniles captured during system-
atic banding efforts in the same areas between September and 
December 2001–2007 had beak abnormalities (0.3 ± 0.2%), one with 
a crossed beak and one with the upper beak 1.3 mm longer than 
the lower. We found one 12-day-old nestling Black-capped Chick-
adee with an apparent beak abnormality among 1,896 nestlings 
from 266 broods examined from hatch until 12 days of age between 
2000 and 2008 in this area (0.05 ± 0.05%). The upper beak was  
0.5 mm longer than the lower beak, and the tips were slightly 
crossed. When we trapped postfledging birds on the Kenai Penin-
sula in areas ≥15 km away from any residential feeders, 1 (8%) of 
13 Black-capped Chickadees captured in October had a severely 

overgrown and crossed beak; none of 9 adults captured in April 
had any gross abnormalities. Including all juvenile and adult Black-
capped Chickadees of known sex examined during all trapping ef-
forts, the proportion of birds that were females was slightly higher 
among birds with abnormal beaks (57.9% of 261) than among birds 
with normal beaks (51.2% of 2,547; χ2 = 4.20, df = 1, P = 0.04).

We documented 80 cases in which individuals were first cap-
tured with apparently normal beaks and were subsequently recap-
tured with abnormal beaks. The most rapid beak growth recorded 
within a 12-month period (n = 24 birds) was that of an adult male 
captured at a nest box on 3 June 2003 with an apparently normal 
beak (7.9 mm nares-to-tip) and recaptured in a nearby winter 
trap on 11 September 2003 with a severely elongated upper beak  
(21.1 mm nares-to-tip). This individual had a minimum rate of net 
increase in length of the upper beak of 0.13 mm day−1.

We also documented 8 cases in which individuals originally 
captured with beak abnormalities were subsequently recaptured 

table 2. Beak measurements of Black-capped Chickadees with normal and deformed beaks when first captured in south-central Alaska from 1999 
to 2008.

Normal Deformed

Measurementa Sexb Mean SE Minimum Maximum n Mean SD Minimum Maximum n

Nares to tip M 7.28 0.01 6.0 8.5 1248 11.15 0.42 6.6 31.6 111
F 7.15 0.01 6.1 8.4 1331 12.40 0.48 7.3 40.3 147

Culmen M 9.76 0.03 7.2 11.6 437 14.00 0.55 9.2 34.0 80
F 9.59 0.02 8.0 11.1 440 15.02 0.56 8.9 34.4 101

Gonys M 6.58 0.10 6.0 7.3 17 9.37 0.41 5.4 28.3 86
F 6.65 0.10 5.8 7.5 24 9.13 0.35 5.7 28.4 121

aNares to tip = chord measurement from anterior end of nare to tip of upper beak; exposed culmen = chord measurement from base of most anterior feathers on forehead 
to tip of upper beak; gonys = chord measurement between anterior end of notch along center line of lower beak to tip.
bM = male, F = female.

fig. 8. Prevalence (± SE) of beak deformities in adult Black-capped 
Chickadees captured during systematic banding efforts in south-central 
Alaska, 1999–2008. Field seasons span from 1 July to 30 June. Sample 
sizes are above bars.

17_Handel_10-111.indd   891 10/15/10   2:52:51 PM



892 — Handel et al. — auk, vol. 127

with apparently normal beaks. The most extreme case was that of 
an adult female captured in February 2002 whose upper and lower 
beaks were elongated and crossed (21.6 mm nares-to-tip; 28.4 mm 
gonys). When this bird was recaptured in April 2004, both parts 
of the beak were normal in length (7.6 mm nares-to-tip) but the 
rhamphotheca was thicker than normal. We brought the bird into 
captivity, where both the upper and lower beaks grew abnormally 
long until the bird died 2 months later of an undetermined cause. 
In the remaining 7 cases the upper beak was moderately or slightly 
overgrown or the upper and lower beaks were slightly crossed. We 
recaptured these individuals from 1 to 16 times; 3 of them vacil-
lated between an obviously abnormal state and an apparently nor-
mal state, whereas the other 4 became indiscernible from normal 
individuals. We also noted several cases of individuals with se-
verely overgrown beaks whose brittle tips had obviously broken 
off. This may have been the mechanism through which evidence 
of abnormalities was largely erased.

Prevalence of beak abnormalities in other species.—During 
our nest-box studies, no nestlings of either Boreal Chickadees (n = 
337 from 49 broods) or Red-breasted Nuthatches (n = 208 from 
39 broods) showed any evidence of crossed or overgrown beaks. 
Among 234 postfledging Boreal Chickadees captured one or more 
times during our banding efforts (23 juveniles, 188 adults, and 23 
unknown age), none had a crossed or grossly elongated beak; the 
maximum overbite was 0.7 mm, and the maximum underbite was 
0.2 mm. None of the juvenile Red-breasted Nuthatches (n = 55) or 
those of unknown age (n = 10) captured during autumn had any 
evidence of beak abnormalities. However, one (1.0%) of 98 adult 
Red-breasted Nuthatches captured one or more times during sys-
tematic banding efforts had a severe beak deformity. This adult 
female had been captured 10 times between September 2002 and 
November 2004 with an apparently normal beak (10.6–11.1 mm)  
before being captured with a grossly abnormal beak in April 2005. 
Its upper and lower beaks were slightly crossed, and both were 
elongated; the nares-to-tip measurement (18.3 mm) was 7.8 mm 
longer than the mean measurement of all normal adult Red-
breasted Nuthatch beaks when first captured (10.46 ± 0.05 mm, 
n = 98). Among 109 Common Redpolls captured once or more 
during winter banding efforts, only one (0.9%) had a gross beak 
deformity; the upper and lower beaks were crossed, with slight 
underbite (0.4 mm) and a pronounced gap (0.8 mm) along the 
commissure of the upper and lower beaks.

discussion

Prevalence.—The occurrence of beak deformities in more than 
2,500 individuals of 30 species in Alaska constitutes the larg-
est epizootic of gross abnormalities ever recorded among wild 
bird populations. Abnormal beaks are relatively rare, with most 
published reports being of single aberrant individuals (for a re-
view, see Craves 1994). The prevalence among adult Black-capped 
Chickadees (3.6–9.7% per year) was 2–5 times higher than the 
maximum rate documented previously for any passerine (1.8% of 
271 Blue Tits [Cyanistes caeruleus]; Pomeroy 1962) and as much as 
25× higher than the frequency of abnormal beaks (0.38%) found in 
a sample of ~10,000 European Starlings (Hicks 1934). The prev-
alence of beak deformities in Black-capped Chickadees also ex-
ceeded rates found among wild bird populations exposed to high 

concentrations of contaminants. Beak defects occurred in only 
1.0–3.3% of eggs or chicks examined with regard to selenium ex-
posure (Gilbertson et al. 1991) and rarely occurred in more than 
1% of eggs or young produced in areas with high organochlorine 
concentrations (Gilbertson et al. 1976, Fox et al. 1991, Yamashita et 
al. 1993, Bowerman et al. 1994, Ludwig et al. 1996, Ryckman et al. 
1998). The high prevalence of beak abnormalities in Black-capped 
Chickadees clearly represents a recent increase, because we found 
no beak deformities in 491 Black-capped Chickadees captured in 
mist nets during the breeding season at three study sites in the 
Anchorage area from 1992 to 1999 (nor in 5,147 individuals of 38 
other species captured then; C. M. Handel unpubl. data).

It is possible that our estimates of prevalence in Black-capped 
Chickadees were positively biased if the probability of capture in 
nest boxes or winter traps was higher for birds with beak deformi-
ties than that for birds with normal beaks. Because both members 
of a breeding pair normally excavate the nest cavity (Odum 1941, 
Smith 1991), affected Black-capped Chickadees may be more likely 
to breed in nest boxes because of the difficulty of excavating a nat-
ural cavity. During winter, affected birds may be more attracted 
to baited traps because of difficulty in procuring natural foods. 
Black-capped Chickadees, however, are adept at finding supple-
mental food sources and will regularly forage on them when avail-
able (Brittingham and Temple 1988, Desrochers et al. 1988), so we 
expect winter capture bias to be slight.

Prior to our study, there was one published record of a Black-
capped Chickadee with a grossly overgrown beak (Kinch 1998), 
that of a single bird observed at a winter feeder in 1997 at Moun-
tain Chutes Camp, Ontario. A few other published reports exist of 
individuals with similar beak deformities in closely related parids 
in Europe, including the Blue Tit (King and Collenette 1951, Sage 
1956, Pomeroy 1962, Newton 1988, Jebbett 1991), Great Tit (Parus 
major; Howard 1951, Pomeroy 1962), and Willow Tit (Poecile 
montanus; Magnusson 1978). An overgrown rhamphotheca had 
previously been reported in only two species of birds in Alaska: 
the American Tree Sparrow (West 1959) and the White-winged 
Crossbill (Loxia leucoptera; West 1974).

Although we documented crossed or elongated beaks in 30 
species in Alaska, many of these were represented by only one or a 
few individuals and the etiology of these deformities may have been 
unrelated. Our parallel study confirmed an even higher prevalence 
(17 ± 5%) of similar beak deformities in adult Northwestern Crows 
in Alaska, with some indication of geographic clusters (Van Hemert 
and Handel 2010). As judged from descriptions, photographs, and 
numbers of reports from the public, the other species that seemed 
to be most commonly affected by this disorder were other corvids 
and cavity-nesting birds (nuthatches and woodpeckers).

Annual variability in prevalence among Black-capped Chick-
adees was likely influenced by differential mortality rates. Birds 
with severely crossed and elongated beaks had difficulty foraging 
and often spent prolonged periods at feeders manipulating foods. 
They often foraged on the snow beneath feeders, picking up scraps 
dropped by other birds. Because of their increased time away from 
protective cover, they were likely more susceptible to predation. 
Affected Black-capped Chickadees also had difficulty preening, 
and many had parasitic feather mites and dirty, matted plumage, 
which likely compromised their ability to thermoregulate dur-
ing winter. Birds with beak deformities that had been regularly 
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observed at winter feeders often disappeared suddenly after peri-
ods of pronounced cold.

Distribution.—The first beak abnormalities in Black-capped 
Chickadees were observed in two broadly separated areas in 
Alaska: the Matanuska-Susitna Valley in south-central Alaska and 
Bristol Bay in southwestern Alaska. It is difficult to determine how 
much of the apparent temporal change in distribution was due to 
variation in observer effort, which was strongly affected by me-
dia coverage. Regardless of this potential bias, the initial reports 
during winter 1991–1992 were separated by more than 500 km 
and a large mountain range, and adult Black-capped Chickadees 
are unlikely to have moved such long distances or across such a 
barrier. Elsewhere in their range they are highly faithful to breed-
ing and wintering territories (6–39 ha; Odum 1942, Glase 1973, 
Brewer 1978), and few adults move long distances once established 
(Weise and Meyer 1979, Desrochers et al. 1988, Smith 1991). The 
greatest distance we recorded was for a juvenile that dispersed  
28 km from its natal site (C. M. Handel unpubl. data), similar to the 
maximum recorded in an Alberta study (39 km; Desrochers et al. 
1988). Thus, the records at the apparent onset of this phenomenon 
for Black-capped Chickadees suggest that the causative agent was 
widely spread across the region, rather than that affected Black-
capped Chickadees transported the agent. There is some indica-
tion, however, that the occurrence of beak deformities has spread 
northward more recently, based on the increasing number of re-
ports from observers in Fairbanks (C. M. Handel unpubl. data). 
Geographic patterns are obscured by the patchy distribution of 
human settlements throughout the state.

Beak abnormalities in other species in Alaska occurred in 
the same general geographic pattern as those of Black-capped 
Chickadees, with the earliest records along the coast of south-
central Alaska. Recent reports of Northwestern Crows and pos-
sibly American Crows (Corvus brachyrhynchos) suggest that this 
beak disorder now extends south along the Pacific Coast at least 
to Puget Sound (Van Hemert and Handel 2010), where we also had 
a small cluster of abnormal Black-capped Chickadees. Since 1997, 
large numbers of raptors (mainly Red-tailed Hawks [Buteo jamai-
censis]) with similar beak abnormalities of unknown etiology have 
been documented between Vancouver, British Columbia, and Los 
Angeles, California (C. M. Anderson pers. comm.). Our finding of 
an affected Black-capped Chickadee in a remote area of Alaska, 
well beyond normal distances traveled by adults from any feeders, 
suggests that the geographic distribution is not restricted to areas 
with human settlements, although access to anthropogenic food 
sources is likely to increase survival of affected birds.

Developmental onset.—We found little evidence that the beak 
deformities in Black-capped Chickadees were congenital, which 
differs from findings in birds exposed to contaminants. In a study 
of aquatic birds exposed to selenium, 61% of nests had at least 
one dead embryo or at least one embryo or chick with an obvi-
ous malformation (Ohlendorf et al. 1986a). The prevalence of beak 
malformations in Double-crested Cormorant (Phalacrocorax au-
ritus) chicks from colonies in the Great Lakes affected by poly-
chlorinated biphenyls (PCBs) and other chlorinated compounds 
was 0.52% (Fox et al. 1991), 10× higher than that recorded in nest-
ling Black-capped Chickadees (0.05%). We may have had difficulty 
detecting developmental malformations in Black-capped Chicka-
dees because of their short nestling period (14–21 days), especially 

given that the beak is not fully grown by the time young leave the 
nest (Olsen 2003, C. M. Handel unpubl. data). If the prevalence of 
congenital malformations were indeed high, however, we would 
have expected increased embryonic mortality, which we did not 
see (C. M. Handel unpubl. data), or a higher prevalence of beak de-
formities than we found in juveniles after fledging.

We were surprised to recapture so many birds with beak de-
formities that previously had been captured with what appeared 
to be normal beaks. This finding, coupled with the low prevalence 
of abnormalities in juvenile birds, suggests that either this is an 
acquired condition or there is a delayed expression of a congeni-
tal condition. A similar case was recorded in Europe: a Great Tit 
that had been observed for 4 years with a normal beak developed, 
within 4 months, an upper beak that was twice the normal length 
(Pomeroy 1962). Most beak deformities for which we monitored 
development were fairly subtle in form at the onset, with a slight 
overbite or asymmetry of the upper and lower beaks. Thus, the 
incipient condition could have been congenital and latent, only 
becoming obvious as the bird aged. In only one case did we docu-
ment an adult with an apparent malformation of the bone, which 
involved a pronounced lateral curvature of the premaxilla.

Clinical signs and possible etiology.—In all affected Black-
capped Chickadees except the single case mentioned above, beak 
lesions did not appear to involve bone tissue but instead were re-
stricted to the keratinized layers of the rhamphotheca and possibly 
the underlying epidermis and dermis. Epithelial disorganization, 
irregular ridges, scaly plates, brittleness, and thickening of the 
keratinized layers all suggested abnormal growth of the rham-
photheca, including what appeared to be very rapid growth in 
some individuals. In most birds, beak growth generally compen-
sates for normal mechanical wear but may be slightly mismatched 
seasonally, largely as an effect of change in diet and concomitant 
foraging behavior (e.g., Davis 1954, Hulscher 1985, Morton and 
Morton 1987, Matthysen 1989). The greatest rate of net growth 
(absolute growth minus wear) in length of the upper beak that we 
recorded in a wild Black-capped Chickadee (0.13 mm day−1) was 
almost twice the normal rate of absolute growth (measured us-
ing marks on the beak) in other passerines: 0.076 mm day−1 for 
a Common Canary (Serinus canaria) in captivity (Lüdicke 1933) 
and 0.085 mm day-1 for 45 Eurasian Nuthatches (Sitta europaea) 
in the wild (Matthysen 1989). It also exceeded the growth rates of 
abnormal gnathothecal projections that developed on the beaks 
of 6 American Tree Sparrows caged at high temperatures (0.08–
0.09 mm day−1; West 1959, 1974). Thus, excessive elongation of the 
beaks of affected Black-capped Chickadees was likely initiated by 
an accelerated growth rate rather than a reduced rate of abrasion. 
The occurrence of extremely thickened beaks in some individu-
als corroborates this assertion. Deformities may have been exac-
erbated by subsequent reduction in the wear process due to offset 
of the beak tips and changes in patterns of beak use.

The etiology of this keratin disorder remains unknown. We 
detected a fungal infection that may have disrupted normal beak 
growth in the most recent Black-capped Chickadee examined his-
tologically; however, abnormal bone growth was not found in any 
other specimens and we could not determine whether this fun-
gal infection caused the lesion of the rhamphotheca or was a sec-
ondary condition. Keratinophilic fungi have been associated with 
many species of birds worldwide, commonly growing on feathers 
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or nails (Pugh 1972, Abdel-Gawad and Moharram 1989, Hubálek 
2000, Efuntoye and Fashanu 2001, Czeczuga et al. 2004). Some of 
these dermatophytes have been documented to cause feather loss 
on the head and lesions of unfeathered regions of the body, includ-
ing the beak, although overgrowth of the rhamphotheca has rarely 
been reported (Bradley et al. 1993, Ramis et al. 1998, Mans and 
Guzman 2007, Chermette et al. 2008, Keymer 2008).

We found no evidence for infection by bacteria, viruses (poly-
omavirus, poxvirus, or circovirus), or mites in the genus Knemi-
docoptes, all of which have caused beak lesions in other species 
(e.g., Raidal 1995, Tully et al. 2000, Gartrell et al. 2003, Galligan 
and Kleindorfer 2009). We found no necrosis of the beak typical 
of exposure to selenium (Ohlendorf 1996, 2002), nor the suite of 
internal and external clinical signs found in birds with crossed 
beaks around the Great Lakes and indicative of PCB-induced pa-
thology (Gilbertson et al. 1991, O’Hara and Rice 1996), with the 
possible exception of the nestling Peregrine Falcon with a crossed 
beak and missing eye. Excessive growth of the beak can be a symp-
tom of liver disease (Harrison 1986), but necropsy and histopa-
thology of a small sample of affected Black-capped Chickadees did 
not reveal any abnormal pathology of internal organs, including 
liver, spleen, and thyroid.

Abnormalities of the beak have also been attributed to mal-
nutrition, including deficiencies of vitamins A and D, pantothenic 
acid, biotin, and folic acid, but supporting experimental evidence 
has often been lacking (Keymer and Samour 2008). Seed-based 
diets are usually deficient in vitamin A and calcium; the high fat 
content of seeds can also interfere with calcium uptake (Harper 
and Skinner 1998). Thus, if Black-capped Chickadees are overly re-
liant on sunflower seeds at feeders, nutritional deficiencies could 
develop. A high frequency of lipomas, such as that found in one 
adult female with a severely overgrown beak, is often found in do-
mestic birds maintained on a high-fat diet (Harrison and Harrison 
1986). Hyperkeratosis of beak tissue is sometimes associated with 
hypovitaminosis A, particularly in captive Psittaciformes on a re-
stricted seed diet (Macwhirter 1994, Keymer and Samour 2008); 
however, we never found abscesses in the oral cavity or respiratory 
tract, or discharges from the nares, which are diagnostic signs of 
this condition (Tully et al. 2000, Garland and Pritchard 2008).

Vitamin D3 is synthesized in birds through exposure of the skin 
to sunlight (Klasing 1998) and helps regulate the balance of calcium 
and phosphorus (Macwhirter 1994). The folding leg fractures that 
we observed in a few nestling Black-capped Chickadees may have 
resulted from vitamin D3 or calcium deficiency, as has been reported 
in domestic and wild birds (Austic and Scott 1984, Tangredi and 
Krook 1999, Phalen et al. 2005, Tangredi 2007). The types of beak 
abnormalities associated with calcium-related deficiencies, such as 
shortening (Sunde et al. 1978, Stevens et al. 1984), softening (Garland 
and Pritchard 2008), and ventral curvature of the beak (Tangredi 
2007), however, are consistent with disturbances of mineralization 
of the bone and are quite different from the hard and brittle keratin 
overgrowth in the affected Black-capped Chickadees. This discrep-
ancy, along with the absence of osteomalacia in adult Black-capped 
Chickadees, suggests that deficiencies of calcium or vitamin D3 did 
not cause the beak deformities.

Recent studies of the genetic control of beak development 
have found that two signaling molecules (bone morphogenic pro-
tein 4 and calmodulin) play key roles in determining the depth, 

width, and length of the beak (Wu et al. 2004, Abzhanov et al. 
2006, Grant et al. 2006). These proteins are active during embry-
onic craniofacial development and control the outgrowth of the 
beak primordia. Computed tomography (CT) scans have shown 
that the dimensional scaling of the keratin layers of the beak in 
various species matches that of the underlying bone (Campàs et 
al. 2010). Thus, it is unlikely that these proteins are involved with 
the abnormal beak-keratin growth we have documented in adult 
birds. However, it is possible that some unknown agent has af-
fected other genes that may control the keratinization process.

Dermatoses on the head, neck, and legs found on 15% of the 
birds with beak deformities suggest that this disorder may not be 
restricted to beak tissue but instead may be a systemic keratin 
problem. The presence of overgrown claws in some of the affected 
chickadees corroborates this idea, but the low proportion (0.8%) is 
perplexing. The abnormal appearance of feathers in many of the 
affected birds could reflect a structural change in the feather ker-
atin or a secondary condition associated with ectoparasites and 
the impaired ability to preen. We are now focusing on detailed 
histopathology and other studies of affected tissues to identify di-
agnostic signs, discern mechanisms controlling abnormal tissue 
growth, and determine the etiology of what we are terming “avian 
keratin disorder.” We are also investigating the potential effects of 
beak deformities on survival and reproductive fitness of chicka-
dees in Alaska. Systematic studies in other regions and examina-
tion of museum collections could help elucidate the geographic 
and taxonomic extent of this puzzling and troubling epizootic.
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