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BEAK DEFORMITIES IN NORTHWESTERN CROWS:
EVIDENCE OF A MULTISPECIES EPIZOOTIC

CAROLINE VAN HEMERT!"23 AND COLLEEN M. HANDEL'

YW.S. Geological Survey, Alaska Science Center, 4210 University Drive, Anchorage, Alaska 99508, USA; and
2Department of Biology and Wildlife, Institute of Arctic Biology, University of Alaska Fairbanks, P.O. Box 757000, Fairbanks, Alaska 99775, USA

ABSTRACT.—Beak abnormalities are rare among adult birds and, typically, are not widespread in a given population, within a
region, or across multiple species. A high concentration of beak deformities was recently documented in Black-capped Chickadees
(Poecile atricapillus) and other resident avian species in Alaska. We describe a parallel condition in Northwestern Crows (Corvus
caurinus) that signals the emergence of a multispecies epizootic. On the basis of 186 Northwestern Crows captured at six sites in
Alaska during 2007 and 2008, we estimated the prevalence of beak deformities in adults to be 16.9 * 5.3%, the highest rate of gross
deformities ever recorded in a wild bird population. Prevalence varied among sites and was as high as 36% on the Kenai Peninsula,
which suggests possible epizootic clusters. We also documented beak abnormalities in an additional 148 Northwestern Crows in south-
central and southeastern Alaska and in 64 crows near Vancouver, British Columbia, and Puget Sound, Washington, a region where both
Northwestern Crows and American Crows (C. brachyrhynchos) occur. The increase in frequency and distribution of crows observed
with abnormal beaks throughout the Pacific Northwest since the late 1990s indicates a geographic expansion of this problem. Affected
crows exhibited elongated and often crossed beaks that were morphologically similar to deformities documented in Black-capped
Chickadees and other species in Alaska over approximately the same period. Additional research is needed to determine the etiology
and potential adverse effects on bird populations affected by this disorder. Received 21 May 2010, accepted 15 July 2010.

Key words: abnormality, Alaska, American Crow, avian keratin disorder, beak, British Columbia, Corvus brachyrhynchos, C. caurinus,
deformity, emerging disease, keratin, Northwestern Crow, Pacific coast, Washington.

Deformidades del Pico en Corvus caurinus: Evidencia de un Evento Epizodtico en Varias Especies

RESUMEN.—Las anormalidades del pico son poco frecuentes entre las aves adultas y tipicamente no se encuentran difundidas
ampliamente en una poblacion o regidn, ni entre varias especies. Recientemente se documenté una alta concentracién de deformidades
en el pico en Poecile atricapillus y en otras especies de aves residentes en Alaska. Describimos una condicién paralela en el cuervo
Corvus caurinus, que sefiala la emergencia de un evento epizoético multiespecifico. Con base en 186 cuervos capturados en seis sitios de
Alaska en 2007 y 2008, estimamos que la prevalencia de las deformidades del pico entre los adultos es del 16.9 + 5.3%, el valor bruto mas
alto de deformidades que se ha documentado en una poblacion de aves silvestres. La prevalencia varié entre sitios y alcanzé el 36% en la
peninsula de Kenai, lo que sugiere la posibilidad de que existan conglomerados epizoéticos. También documentamos anormalidades en
el pico en 148 individuos adicionales de esta especie del sur-centro y sureste de Alaska y en 64 individuos de cerca a Vancouver, British
Columbia y Puget Sound, Washington, una regién en donde se encuentran tanto C. caurinus como C. brachyrhynchos. El aumento en la
frecuencia y distribucién de cuervos con picos anormales observados en todo el Pacifico noroeste desde finales de la década del noventa
indica que este problema se ha extendido geograficamente. Los cuervos afectados presentaban picos elongados y frecuentemente
cruzados, que eran morfolégicamente similares a los picos deformados que se han documentado en P. atricapillus y en otras especies
de Alaska a lo largo del mismo periodo aproximado. Se necesita més investigacion para determinar la etiologia y los efectos adversos
potenciales de este desorden en las poblaciones de aves afectadas.
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HiGH RATES OF gross deformities in wildlife populations often serve
as indicators of underlying environmental health problems.l>3#*
An epizootic of beak deformities, referred to as “avian keratin dis-
order,” has been documented in Black-capped Chickadees (Poecile
atricapillus) in Alaska during the past decade and afflicts an aver-
age of 6.5% of the adult population annually.” In affected birds,
the keratin layer of the beak becomes overgrown, resulting in no-
ticeably elongated, often crossed presentation, sometimes accom-
panied by abnormal skin and feathers. Morphologically similar
deformities have recently appeared in other, primarily resident
Alaskan species, including Northwestern Crows (Corvus caurinus)
throughout their range in coastal Alaska.” Beak abnormalities have
also been documented in coastal British Columbia and Wash-
ington, where the ranges of Northwestern Crows and American
Crows (C. brachyrhynchos) overlap.®” The presence of deformities
in crows suggests that this epizootic is not restricted to a discrete
geographic area or a single species and that etiological agents may
occur across a broad environmental gradient, affecting both ter-
restrial and coastal systems. The primary objectives of our study
were to estimate the prevalence and describe the gross morphology
of beak deformities in Alaskan Northwestern Crow populations in
relation to recent findings in Black-capped Chickadees. We also
investigated the geographic distribution of the problem by com-
piling and analyzing confirmed reports of beak abnormalities in
all species of crows in North America.

PREVALENCE

Between March 2007 and April 2008, we captured, measured, and
examined a total of 186 Northwestern Crows at six sites in coastal
Alaska to characterize and estimate the prevalence of beak deform-
ities in the population. We documented 19 adult Northwestern
Crows with beaks classified as deformed on the basis of our pre-
diction interval criteria (for further information, see Supplemen-
tary Methods and Table S1). We estimated an overall prevalence of
16.9 £ 5.3% among adults across all sites (Table 1), which exceeds
an expected background level of deformity by >30 times.3?
Together, the prevalence of beak deformities in adult North-
western Crows and that in Black-capped Chickadees (6.5%°) in
Alaska represent the highest rates of gross deformities ever re-
corded in wild bird populations. It is possible that these estimates

TaBLE 1. Estimated prevalence of beak deformities in Northwestern Crows
captured at six sites in Alaska during winter in 2007 and 2008.

Juveniles Adults
Percentage Percentage

Site deformed n deformed + SE n

All sites? 0 50 16.9+5.3 135
Seward 0 10 33.3+£11.1 18
Kenai 0 10 35.7+12.8 14
Homer 0 1 3.2+3.2 31
Valdez 0 9 10.7 £5.8 28
Juneau 0 8 14.3+76 21
Haines 0 12 43+43 23

2Qverall prevalence was calculated as the mean of the prevalence across the six
sites.
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of prevalence are positively biased because trapping of both spe-
cies relied on baiting with supplemental food, which might at-
tract a greater proportion of birds whose abnormal beaks impair
natural foraging. However, both Northwestern Crows®!%! and
Black-capped Chickadees!>!? in their normal state are gener-
alist predators that are highly flexible behaviorally. These natu-
ral traits and the large numbers of birds with grossly deformed
beaks observed throughout the region suggest that even if a trap-
related bias occurred, it was unlikely to account for the unusually
high prevalence documented in these two species.

We found that the occurrence of beak deformities in adult
Northwestern Crows was independent of sex (P=0.806, z=-0.245,
n = 135) but differed between age classes in that we observed
no evidence of beak deformities in captured juveniles (n = 50;
Table 1). Age- and sex-related patterns of this epizootic appear to
be very similar between Black-capped Chickadees and Northwest-
ern Crows. In Black-capped Chickadees, deformities occur almost
exclusively among adults and at only a slightly higher rate among
females than among males.”

We detected geographic variation in the prevalence of de-
formities in Northwestern Crows across our study locations (P =
0.043, z=2.024, n =135; Table 1), with extremely high rates in Ke-
nai (36%) and Seward (33%). Although sample sizes of individu-
als trapped per site were relatively small, differences in prevalence
among sites suggest the occurrence of epizootic clusters, as has
been noted in Black-capped Chickadees.> Morphologically similar
beak deformities also occur in a wide suite of other resident spe-
cies, and we have documented Black-capped Chickadees and as
many as eight other species with beak deformities at or near each
of our Northwestern Crow study locations (C. M. Handel unpubl.
data). Seward and Kenai may represent relative “hotspots” of this
disorder in Northwestern Crows, although possible reasons for
such spatial distribution are currently unknown. These two sites
are the closest of our sampling locations in geographic proximity
to the known epicenter of avian keratin disorder in Black-capped
Chickadees,” and abnormalities in other taxa have also been ob-
served in this region of Alaska. An elevated prevalence of eye and
skeletal abnormalities of unknown etiology in Wood Frogs (Rana
sylvatica) was documented on the Kenai National Wildlife Refuge,
near the city of Kenai.'* Although no link has been established be-
tween deformities in other taxa and avian keratin disorder, spatial
overlap of these abnormalities may warrant concern about under-
lying environmental factors in this region.

MORPHOLOGY OF BEAK DEFORMITIES

We documented three distinct classes of deformities: elongation
of the upper beak, elongation of the lower beak, and elongation of
both the upper and lower beaks, all of which involve some form of
overgrowth and apparently reflect different presentations of avian
keratin disorder in Northwestern and American crows (Fig. 1).
Measurements from our study and other reports compiled in our
observation database of beak deformities indicate that the most
common morphology associated with this condition in crows
includes overgrowth of the upper beak (Fig. 1C, D and Table 2).
Only four of the individuals that we captured in this study had
an abnormally elongated lower beak and a pronounced underbite
inrelation to the upper beak (Fig. 1E, F). Among birds with normal
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Fic. 1. Examples of beak deformities in crows in the Pacific Northwest.
Severe overgrowth and crossing of upper and lower beaks in crows from
(A) Juneau, Alaska (photo by Ron Horn), and (B) Seward, Alaska (photo
by Bill O’Brien). Elongated upper beak with overbite from (C) Edmonds,
Washington (photo by Kevin Mack), and (D) Juneau, Alaska (U.S. Geologi-
cal Survey photo). Elongated lower beak with underbite from (E) Seattle,
Washington (photo by John Huckabee), and (F) Valdez, Alaska (U.S. Geo-
logical Survey photo). All birds from Alaska are Northwestern Crows; those
from Washington could be Northwestern or American crows.

beaks, minor (<5 mm) overbite was relatively common but we did
not observe any measurable underbite. Four captured North-
western Crows exhibited elongation of both the upper and lower
beaks (Table 2). Other abnormal physical characteristics of the
beak often accompanied gross deformities in affected individuals.
Among birds captured with deformed beaks, 42% (» = 8) had a
gap of >0.5 mm between the upper and lower beaks and 21% (1 = 4)

showed a lateral offset, which resulted in crossed tips (cf. Fig. 1A,
B). Birds with normal beaks exhibited gaps of >0.5 mm (16%; n=18)
and crossing (2%; n = 2) less frequently. Irregularities of the kera-
tin covering the beak (rhamphotheca), including serrated edges,
ridges, thickening, and flattening of the tomium, occurred in 84%
(n=16) of deformed beaks in contrast to only 7% (1 = 8) of normal
beaks. Beak deformities in Black-capped Chickadees and other af-
fected species in Alaska demonstrate analogous morphologies,
highlighting similarities in expression of avian keratin disorder
across species.’

We documented several other conditions that affect keratin-
ized tissues in Northwestern Crows with abnormal beaks, includ-
ing abnormally long and curled claws (11%; # = 2); dermatoses,
observed as dry, flaky, and/or reddened skin on the head and ab-
domen (16%; n = 3); leg scales that appeared to be thickened and
sloughed easily (11%; n = 2); and evidence of ectoparasites (21%;
n=4).Inbirds with normal beaks, we noted abnormal claws (2%;
n =2), dermatoses (3%; n = 3), and ectoparasites (3%; n = 4) rarely
and observed no evidence of abnormal leg scales. Two individu-
als with beak deformities captured in our study also had slightly
abnormal plumage coloration, including white or reddish-brown
feathers in the loral and occipital regions. A subset of Black-capped
Chickadees with beak deformities exhibited similar abnormali-
ties of keratinized tissues.® Presence of elongated claws, derma-
toses, and abnormal feathers and leg scales among affected birds
suggests the possibility of a systemic keratin disorder in which an
overgrown beak is the most grossly evident sign. Alternatively,
some of these conditions could result from altered function of
abnormal beaks and may be related to compromised preening or
feeding behavior or reduced nutritional status.

NUMBERS AND DISTRIBUTION OF SIGHTINGS

In reviewing all records of deformities from North America,® we
documented observations of 148 individual Northwestern Crows
with grossly elongated or crossed beaks in Alaska between the
1980s (specific dates unknown) and 2009, with most observed
since 1997 (Figs. 2 and 3). We also confirmed reports of 64 crows
from Washington and British Columbia (2001-2009) but were
unable to determine whether they were Northwestern or Ameri-
can crows because of the species’ overlapping ranges. In compari-
son, we received only five reports of abnormal beaks among crows

TABLE 2. Morphometrics @ of birds with normal beaks compared to those with deformity on upper, lower, or both parts of the beak among adult North-

western Crows captured in Alaska during winter in 2007 and 2008.

Nares to tip (mm) Gonys (mm) Relative overgrowth (mm)
Minimum-— Minimum-— Minimum-—
Status n Mean + SE maximum Mean + SE maximum Mean + SE maximum
Normal
Males 60 34.6£0.04 29.8-39.6 26.5+£0.03 22.1-31.1 2.2+£0.02 0-4.5
Females 56 33.6 £0.04 28.7-40.1 25.6+0.03 20.2-30.7 2.31+0.02 0-4.9
Upper deformity 11 40.3£0.3 36.9-45.8 28.0+0.2 24.7-30.8 7.8+£0.3 5.5-14.1
Lower deformity 4 32.6+1.5 23.9-36.8 354+£17 31.5-45.5 -8.4+2.8 -25.3t0-0.6
Upper and lower deformity 4 42.3+0.7 39.0-45.4 32.3+0.2 31.1-33.2 5.4%0.5 3.3-8.4

2Nares to tip measured from anterior end of right nare to tip of upper beak; gonys measured from central notch on lower beak to tip; relative overgrowth calculated as
amount tip of upper beak exceeds (+) or is shorter than (-) tip of lower beak (overbite — underbite; see Supplementary Information).
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FiG. 2. Map showing distribution of all documented beak deformi-
ties (black dots) of Northwestern Crows in Alaska, and of what could
be Northwestern or American crows where their distributions overlap
in southern British Columbia and northern Washington. Numeric subto-
tals adjacent to open circles show minimum numbers of individuals with
beak deformities for areas where there were multiple observations. Inset
map shows study sites (stars) in Alaska where we estimated the prev-
alence of deformities in Northwestern Crows during winter 2007 and
2008. Most reports from southern British Columbia and northwestern
Washington (dashed circle) occurred within a known area of overlap be-
tween ranges of Northwestern and American crows.

outside of this region: one American Crow from Ontario in 2001,
one American Crow from Quebec in 2005, and three American
Crows or Fish Crows (C. ossifragus) from Florida between 2005
and 2007 (because of overlapping ranges, we could not conclu-
sively determine species). These records, in combination with
findings in Black-capped Chickadees,® suggest that avian kera-
tin disorder occurs across multiple species and habitat types but
is currently concentrated in Alaska and other areas of the Pacific
Northwest. Additional sampling of crow populations outside of
the Pacific Northwest and examination of recently collected mu-
seum specimens from across North America would help to verify
this apparent geographic pattern. Interannual patterns of docu-
mented deformities as well as comparison of our data with his-
torical museum specimens (C. Van Hemert unpubl. data) and
live capture records!® (R. Ha unpubl. data) indicate that avian
keratin disorder is a relatively new phenomenon in Northwest-
ern Crows. Greater observer effort may have contributed in part
to an increase in sightings over the past decade, but a dearth of
published records or anecdotal reports of gross beak deformities
prior to the late 1990s suggests recent emergence of this problem.
A marked increase in the prevalence of abnormal beaks in Black-
capped Chickadees has been observed over approximately the
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FiG. 3. Numbers of sightings of Northwestern Crows in Alaska (black
bars) and Northwestern or American crows in British Columbia and
Washington (gray bars) between 1980 and 2009. Summaries for each
period begin on 1 July of the first year listed and are tallied through
30 June of the following year listed.

same period,® which indicates nearly synchronous timing of this
disorder in the two species.

Despite similarities in epizootic patterns among Northwest-
ern Crows and Black-capped Chickadees, there also appears to
be some discrepancy in the geographic distribution between the
two species, with occurrence south of Alaska being relatively
more common in crows than in chickadees. Our compilation of
observations of beak deformities from across the continent in-
dicates that affected Northwestern and American crows occur
with much greater frequency in British Columbia and Wash-
ington than affected Black-capped Chickadees. Only 31 Black-
capped Chickadees with beak abnormalities were documented
anywhere outside of Alaska, including 5 from the Puget Sound
area of Washington, compared with >2,000 affected individuals
within Alaska.” Black-capped Chickadees and Northwestern and
American crows are gregarious and common visitors to feeders
and other human food sources, and it is unlikely that large num-
bers of grossly abnormal beaks would go unnoticed in these spe-
cies in populated areas.

Reports of beak deformities in Northwestern Crows oc-
curred earlier in Alaska than in more southern parts of their
coastal range, which suggests an increase in the regional distri-
bution of avian keratin disorder. Affected Black-capped Chicka-
dees have also been reported across a growing geographic area
within Alaska.’ If movements of individual birds contribute to the
transmission of this condition, differences between species in the
geographic spread of deformities might reflect differences in their
scales of movement. Individual Black-capped Chickadees have re-
stricted ranges, averaging 10-15 ha,'®1”1® and distances between
breeding and wintering sites are typically <1 km.!” In compari-
son, although movement patterns of Northwestern Crows, par-
ticularly in Alaska, have not been well described, resightings of
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color-marked individuals from the present study indicate that
movements of >40 km are not unusual. In British Columbia, me-
dian distances for both juvenile dispersal and seasonal movements
were ~13 km but ranged as far as 177 km.® A better understanding
of relatedness between Alaskan and more southern populations
of crows would help determine the degree to which movement
patterns could contribute to exposure to or transfer of etiologi-
cal agents.

Although the etiology of the deformities is not yet known,
investigating occurrence across multiple species provides in-
sights about possible causes. The similarity in physical charac-
teristics of the deformities and geographic distribution supports
the hypothesis of a common etiology. Black-capped Chickadees,
Northwestern Crows, and other resident species seem to be dis-
proportionately affected along the Pacific Northwest coast com-
pared with the rest of North America, although many individuals
with beak deformities have also been observed in interior Alaska.®
This distributional pattern suggests that factors unique to the re-
gion may contribute to the occurrence of avian keratin disorder.
However, if causative agents are environmental in origin, such as
anthropogenic toxicants or regional nutrient limitations, they
would appear to be relatively diffuse and not easily traceable to
specific locations or sources. Affected areas are geographically
widespread, many of the affected populations are relatively iso-
lated, and no unifying features (such as habitat type, extent of hu-
man development, proximity to coast, etc.) have been identified.
Sampling of Northwestern Crows in areas isolated from human
communities would help confirm whether birds with beak defor-
mities occur away from anthropogenic influences, including food
resources, potential point-source environmental contaminants,
or other localized factors, as has been suggested in the case of
Black-capped Chickadees.’ If infectious disease or parasites are
implicated in the deformities, we expect the agent(s) to be tran-
sient across a broad geographic area. Because both Black-capped
Chickadees and Northwestern Crows are year-round residents
with generally restricted seasonal movements between winter-
ing and breeding areas, it is unlikely that large-scale or migratory
movements of individuals of either species could have been di-
rectly responsible for such transport.

Lack of knowledge about causative factors and subsequent
physiological changes associated with beak deformities empha-
sizes the need for additional research into the pathology of avian
keratin disorder. Without a diagnostic test, we are limited in our
ability to detect deformities in wild populations and must rely on
observation of gross signs. As such, we cannot identify individu-
als early in the disease phase or birds with incipient deformities.
Similarly, a complete morphological assessment, including his-
tological examination of affected tissues, is necessary to deter-
mine whether the same physiological and cellular changes are
responsible for deformities in both Black-capped Chickadees and
Northwestern Crows. Birds with severe beak overgrowth clearly
experience functional limitations, including difficulty feeding and
preening, and may also be subject to other underlying problems
associated with abnormal keratin growth. Additional research,
including investigation of pathology and possible mechanisms
associated with gross beak deformities, is required to develop a
comprehensive understanding of this multispecies epizootic and
its potential implications for avian populations.
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METHODS SUMMARY

As part of a larger study of beak deformities in Alaska, we began
in 1998 to solicit published and unpublished information to docu-
ment the occurrence and distribution of North American crow
species with apparently abnormal beaks, excluding those result-
ing from trauma or easily identifiable diseases such as avian pox.
We searched the published literature, presented requests for in-
formation to national and Canadian media, collaborated with
other researchers conducting studies on crows in North America,
and monitored online avian resources.” We pooled observations
of Northwestern and American crows from British Columbia and
Washington, where their ranges overlap and they may hybridize.5”
We estimated the prevalence of beak deformities in Northwest-
ern Crow populations during late winter in 2007 and 2008 at six
accessible coastal sites across south-central and southeastern
Alaska: Seward (60.11°N, 149.44°W), Kenai (60.55°N, 151.23°W),
Homer (59.64°N, 151.54°W), Valdez (61.12°N, 146.35°W), Haines
(59.23°N, 135.44°W), and Juneau (58.38°N, 134.64°W; Fig. 2).
These sampling sites support small to moderate-sized human
population centers ranging from <3,000 to >30,000 residents,
host relatively large numbers of Northwestern Crows (# > 50), and
have both natural intertidal prey (mussels and other marine inver-
tebrates) and anthropogenic food items (discarded fish waste and
urban refuse) seasonally available to Northwestern Crows. Given
the lack of historical data on beak morphometrics, we developed
an iterative statistical method using measurements from the rela-
tively large sample of apparently normal birds in our study (n =
115) to identify prediction intervals beyond which a beak would
be considered deformed. Please see the online Supplementary
Methods for additional details about field and analytical methods
(http://caliber.ucpress.net/doi/suppl/10.1525/auk.2010.10132).
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