102

The Wilson Journal of Ornithology 127(1):102-108, 2015

THE WILSON JOURNAL OF ORNITHOLOGY - Vol. 127, No. 1, March 2015
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ABSTRACT.—Predation is dangerous, not only for
the prey but sometimes also for the predator. Because
these dangers to predators are not well understood, we
document evidence of predation or scavenging by a
Golden Eagle (Aquila chrysaetos) on a North American
porcupine (Erethizon dorsatum) in Pennsylvania, USA,
with potentially lethal consequences to the eagle. We

3Current address: METI Corporation, 8600 Boeing
Drive, El Paso, Texas 79925.
¢ Corresponding author; e-mail: tkatzner@usgs.gov



SHORT COMMUNICATIONS

also review published literature on incidence of
porcupine quills causing injury or death to birds. At
least nine species have been documented as having
contact with porcupine quills. A minimum of 39% of
these interactions resulted in death to the bird,
demonstrating the risk birds face when interacting with
porcupines. Predation of porcupines should be selected
against and irregular, yet it apparently persists and is
likely more common than currently recognized. Re-
ceived 30 April 2014. Accepted 26 September 2014.
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Predation is dangerous not only for the prey,
but also for the predator. Despite presumably
strong selective pressure on predators to evolve
mechanisms to either effectively subdue poten-
tially harmful prey or to choose prey that are not
dangerous, there are numerous examples of
mammalian predators that are injured or killed
by their prey (e.g., large ungulates; Mech and
Nelson 1990, Smith et al. 2004). However, risk to
birds that engage in predation is less well reported
and is consequently less well understood.

It is widely assumed that birds can be injured or
killed sometimes by their prey. Certainly large
birds such as storks, cranes, and swans can present
a risk to similarly sized attackers, and most avian
predators presumably only attack large prey when
they feel they have an advantage (e.g., eagles and
falcons hunt flying cranes and bustard from
above). Likewise, falconers anecdotally report
cases where sciurid prey can bite and injure the
feet of hawks and eagles. However, other
mammalian and avian prey may present ‘‘hid-
den’’ defenses, and it may be less clear to a naive
(e.g., young or non-local) predator that even some
small prey present risk.

Here we document the outcome for a young
Golden Eagle (Aquila chrysaetos) of a likely
predatory interaction with a North American
porcupine (Erethizon dorsatum). We also review
literature on birds injured or killed by porcupine
quills, and we discuss reasons why different bird
species may be exposed to porcupine quills.

MATERIALS AND METHODS

We established a network of winter camera
trapping sites to document the distribution and
abundance of Golden Eagles and other regional
predators and scavengers in eastern North Amer-
ica. At each camera trap site, road-killed carcasses
(predominantly white-tailed deer, Odocoileus vir-
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ginianus) were placed as bait in small openings in
forests. Adjacent, we placed a motion-sensitive
trail camera to photograph animals that came to the
bait to scavenge. Cameras were set ~3 m from the
bait and 1 m above the ground, although the exact
height depended on snow cover and site-specific
characteristics. Cameras were programmed to take
pictures when triggered by motion, with a maxi-
mum time interval between pictures of 1 min.

We also reviewed literature on bird-porcupine
interactions by searching four databases of
scientific articles (SORA [the searchable ornitho-
logical research archive; sora.unm.edu/node],
Google Scholar, Web of Science, and BioOne)
for the word ‘‘porcupine.”” We then reviewed
articles for records of avian-porcupine interac-
tions and tabulated these results here. We also
queried the USGS Bird Banding Lab and the
National Eagle Repository for all records involv-
ing the word porcupine.

RESULTS AND DISCUSSION

In 2009, we operated ~100 trail camera bait
sites. Over the next 5 years this number increased,
reaching 236 sites in 2014. During this period, we
recorded ~3.2 million pictures and documented
presence at bait of at least 34 avian and 23
mammalian species. We recorded Golden Eagles at
112 out of 178 sites at which pictures were sorted
and species classified. Other common avian
species included American Crows (Corvus bra-
chyrhynchos), Common Ravens (Corvus corax),
Red-tailed Hawks (Buteo jamaicensis), Red-shoul-
dered Hawks (Buteo lineatus), Turkey Vultures
(Cathartes aura), Black Vultures (Coragyps atra-
tus) and Bald Eagles (Haliaeetus leucocephalus).

At one site in Tuscarora State Forest, Perry
County, Pennsylvania, we recorded presence of a
porcupine in multiple photographs on 20 March
2014 (Fig. 1a). In some of these images, Common
Ravens and a young Golden Eagle are watching
the porcupine. One week later, on 28 March 2014,
we recorded a young Golden Eagle with porcu-
pine quills in its face and head (Fig. 1b). Based on
lack of molt and feather replacement patterns
(Bloom and Clark 2001), we aged this bird as a
second year (hatched in summer 2013, ~10
months previous to being photographed). We
recorded >36 pictures of this eagle, the first at
1705 EST on 28 March and the last at 1423 on 9
April 2014. On each occasion, the eagle was
feeding on the bait of roadkill white-tailed deer. A
bird with similar molt pattern (rectricies L4 and
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FIG. 1. Images of (a) a North American porcupine (Erethizon dorsatum) recorded on 20 April 2014 at a scavenger bait
site, as recorded by a remote-trigger trail camera; and (b) a Golden Eagle with at least four porcupine quills in its face
(location of quills indicated by arrows).



SHORT COMMUNICATIONS

105

TABLE 1.

Bird-porcupine interactions as recorded in scientific literature. We searched SORA, GoogleScholar, Web of

Science and BioOne for the word ‘‘porcupine’” to populate this database. Bird species are presented in taxonomic order.
See Figure 2 for a map of interactions.

Avian Species

Common name Latin name Result to bird Outcome Region Citation
Ruffed Grouse Bonasa umbellus 8 quills in breast Healed Wisconsin, USA  Schorger 1961
Bald Eagle Haliaeetus quill in throat Death Montana, USA McClelland et al.

leucocephalus 2006
Sharp-shinned Hawk  Accipiter striatus ~ migrant, 3 quills in Removed  Michigan, USA  Kelley and Kelley
left foot 1969
Rough-legged Hawk  Buteo lagopus foot injuries Death Wisconsin, USA  Hamerstrom 1969
Golden Eagle Agquila chrysaetos in pellet/prey remains ~ Unknown  North America Olendorff 1976
“‘covered underneath Near death Minnesota, USA  Lano 1922
in quills™”
immature female, Removed Maine, USA Nikula 1995
quills in feet
in pellet/prey remains ~ Unknown  Montana, USA McGahan 1968
eaglet in nest with Unknown  New Mexico, Stahlecker et al.
quill in foot USA 2009
eagle with quills in Death Pennsylvania, Everett 1989
throat & intestine USA
HY eagle with Unknown  Pennsylvania, this study
=>4 quills in USA
head & face
Great Horned Owl Bubo virginianus 112 quills Near death Montana, USA  Wiley 1969
1 quill in anterior neck  Removed New York, USA Parkes 1950
=266 quills in body,  Shot Quebec, Canada  Eifrig 1909
especially right
foot
Peregrine Falcon Falco peregrinus  quill in pellet Unknown  Alaska, USA Ritchie 1982
Steller’s Jay Cyanocitta stelleri quill in head, starved ~ Death Colorado, USA  Griffin 1952
to death
Common Raven Corvus corax failed predation attempt ~Unknown  Wisconsin, USA  Gehring 1993
on porcupine
1 quill in gizzard, Death Wisconson USA  Wing 1936

1 quill in heart

L5 were growing; all other tail feathers were
juvenile) was repeatedly photographed without
porcupine quills during 20-27 March 2014. The
last known quill-free image of this bird was taken
at 1007 on 27 March 2014.

We were able to identify 4 porcupine quills on
the bird (Fig. 1b). At least one quill was positioned
above the right eye, one ventrally between the two
lower mandibles, and two on the left side of the
bird’s face, one above and one below its mouth (see
arrows in Fig. 1b). We observed no evidence of
quills on the bird’s feet or on any other part of its
body. Our evidence does not speak to whether the
presence of quills on the eagle was a result of a
direct predation attempt or of scavenging.

We did not record evidence of avian-porcupine
interactions at any of the other 236 trail camera
sites in our study. The USGS Bird Banding

Laboratory reviewed all their records (they have
only saved notes since 2006) and found no records
of the word ‘‘porcupine’’ aside from place names
(e.g., “‘the Porcupine River, AK’’). The National
Eagle Repository does not keep records of this type,
and the biologist there recalled only ‘“‘a few
occasions’’ where porcupine quills were present in
eagle carcasses he received (D. Wiist, pers. comm.).

We reviewed literature on bird-porcupine inter-
actions and found 17 reports of at least 9 species
known to have interacted with porcupines (Ta-
ble 1; Fig. 2), including one other Golden Eagle
from Pennsylvania. Approximately 39% of the
reported birds that were quilled by porcupines were
dead or near death. Of the species reported with
quills, all but one (Ruffed Grouse, Bonasa
umbellus) are either predatory or scavenging in
nature, suggesting a reasonable mechanism for
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FIG. 2. Map showing locations of bird-porcupine interactions as recorded in scientific literature and overlaid on a range
map for North American porcupines (Erethizon dorsatum). We searched SORA, GoogleScholar, Web of Science and
BioOne for the word ‘‘porcupine’ to populate this database. Bird species are shown with Bird Banding Lab codes, as
follows: Common Raven (CORA), Bald Eagle (BAEA), Golden Eagle (GOEA), Great Horned Owl (GHOW), Peregrine
Falcon (PEFA), Rough-legged Hawk (RLHA), Ruffed Grouse (RUGR), Sharp-shinned Hawk (SSHA) and Steller’s Jay
(STJA). Black circles are those for which a precise location was provided, white circles are approximate locations in cases
where an exact location was not provided. The black cross is the location of the bird observed in this study. See Table 1 for

details associated with each interaction.

interaction between birds and porcupines. In the
case of the Ruffed Grouse, the author suggests that
perhaps the bird was a female guarding its nest
from porcupine predation, as the quills were all in
the front of its breast (Schorger 1961). This is
plausible since porcupines are a known predator of
ground nesting birds (Maier and DeGraff 2000),
and other non-predators have been found dead,
embedded with porcupine quills (Pulling 1945).
Porcupine quills are a natural ‘‘foam-filled”’
tube, consisting of a dense outer cortex and a

foam-filled interior core, both made entirely of o-
keratin (Wang and McKittrick 2013). The quills
of new world porcupines are barbed, causing them
to migrate into the body of the injured animal,
often with severe consequences. Quills of Old
Word porcupines (Hystricidae) are longer than
those of the New World porcupines (Erethizonti-
dae) and are designed to break at the tip, making
them especially effective for defense (Vincent and
Owers 1986). Individuals of the hedgehog family
(Erinaceidae) also possess quills, although their
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different structure suggests that the quills may
have evolved as a natural shock absorber that
incidentally also have a defensive function
(Vincent and Owers 1986). Hedgehog quills are
less effective at defense from avian predators, and
these species are a frequent component of diet of
eagles in central Asia (Katzner 2003).

It is not surprising that the vast majority of the
bird-porcupine interactions in the literature in-
volve predatory or scavenging birds. In fact,
contact between porcupines and predatory birds
may occur because raptors exhibit strong nest
defense and will respond to porcupines (Holthuij-
zen and Oosterhuis 2004). However, the two
species with the most recorded porcupine inter-
actions - Golden Eagle and Great Horned Owl
(Bubo virginianus) - are among the largest of the
American raptors and the most likely to attempt to
take prey as large as a porcupine. That many of
these birds were dead or suffering from fatal
injuries speaks to the effectiveness of porcupine
quills as a defense strategy. Furthermore, of the
two birds accurately aged, both were young, likely
indicating that porcupine-induced lessons need
not be repeated.

The act of predation can be dangerous and
porcupine quills are an effective defense mecha-
nism against many avian and mammalian preda-
tors. However, these defenses appear more
effective against some species than against others.
Although mammals may be killed by porcupine
quills (reported in Africa, for example, Mori
2013), New World porcupines are regular prey of
mustellids (Zelinski and Duncan 2004, Lofroth
et al. 2007), canids (Prugh 2005), felids (McLean
et al. 2005, Thompson et al. 2009), and even
snakes (Duarte 2003). While these species appear
with quills embedded, evidence suggests fisher
(Pekania pennati) and cougar (Puma concolor)
regularly include porcupine in their diets and
utilize foraging mechanisms that allow them to
reduce the number of quills they receive (i.e., they
flip the porcupine to kill and feed via the belly,
which is not as protected by quills; Sweitzer
1996). There are no bird species that are known to
have similar mechanisms to allow predation on
porcupines. However, it is known by falconers
that certain species of desert-associated hawks
will pull cactus spines from their feet (especially
Harris’s Hawk Parabuteo unicinctus; B. Millsap,
pers. comm.), something that the porcupine-
quilled raptors we reviewed apparently do not
do.

107

We have no data on the survival of the quill-
infested eagle that we photographed feeding on
deer. However, given the effectiveness of quills as
a defense mechanism against birds that we have
documented and the likelihood of infection from
this injury, it is unlikely to have survived long.
Animal defenses against predation are often
targeted at a specific taxa. The effectiveness of
quills as a predation defense may provide insight
into the original evolutionary pressures that
supported development of quills as a defense
mechanism (quills may have been targeted at
avian, not mammalian predators). Furthermore,
porcupine populations and distributions are in-
creasing (Fig. 2; Payette 1987, Ilse and Hellgren
2001), making interactions between birds and
porcupines more likely. Fatality rates as a result of
these interactions therefore may increase, espe-
cially for immature birds, including raptors.

ACKNOWLEDGMENTS

The authors’ institutions provided logistical and some
financial support for this project. This publication was
completed in part with funds provided by the Virginia
Department of Game and Inland Fisheries through a State
Wildlife Grant from the U.S. Fish and Wildlife Service.
Trail camera work was supported by a number of other
agencies including West Virginia Division of Natural
Resources, North Carolina Wildlife Commission, Tennes-
see Wildlife Resources Agency, Pennsylvania Department
of Conservation and Natural Resources and many others.
Two anonymous reviewers and Wilson Journal of Ornithol-
ogy’s editor Mary Bomberger Brown provided insightful
reviews that strengthened the manuscript. This is Scientific
Article No. 3227 of the West Virginia Agricultural and
Forestry Experiment Station, Morgantown.

LITERATURE CITED

BLoowm, P. H. AND W. S. CLARK. 2001. Molt and sequence
of plumages of Golden Eagles and a technique for in-
hand ageing. North American Bird Bander 26:97-116.

DUARTE, M. R. 2003. Prickly food: snakes preying upon
porcupines. Phyllomedusa 2:109-112.

EIFRIG, G. 1909. Winter birds of New Ontario and other
notes on northern landbirds. Auk 26:55-59.

EVERETT, L. 1989. Fatal choice. Pennsylvania Game News.
Pennsylvania Game Commission. April: 36.

GEHRING, T. M. 1993. Potential predatory attack by
Common Ravens on porcupines. Wilson Bulletin
105:524-525.

GRIFFIN, H. V. 1952. Porcupine quill fatal to jay. Condor
54:364.

HAMERSTROM, F. 1969. Bumblefoot. Raptor Research News
3:24.

HoLTHUNZEN, A. M. A. AND L. OOSTERHUIS. 2004.
Aggressive responses of nesting Prairie Falcons to
territorial intruders. Wilson Bulletin 116:257-261.



108

ILSE, L. M. AND E. C. HELLGREN. 2001. Demographic and
behavioral characteristics of North American porcu-
pines (Erethizon dorsatum) in pinyon-juniper wood-
lands of Texas. American Midland Naturalist
146:329-338.

KATZNER, T. E. 2003. Ecology and behavior of four
coexisting eagle species at Naurzum Zapovednik,
Kazakhstan. Dissertation, Arizona State University,
Tempe, USA.

KELLEY, A. AND N. KELLEY. 1969. Porcupine quills found
in foot of Sharp-shinned Hawk. Wilson Bulletin
81:209-210.

LANO, A. 1922. Golden Eagle (Aquila chrysaetos) and
porcupine. Auk 39:258-259.

LorrOTH, E. C., J. A. KREBS, W. L. HARROWER, AND D.
LEWwIS. 2007. Food habits of wolverine Gulo gulo in
montane ecosystems of British Columbia, Canada.
Wildlife Biology 13(sp2):31-37.

MaAIER, T. J. AND R. M. DEGRAAF. 2000. Predation on
Japanese Quail vs House Sparrow eggs in artificial
nests: small eggs reveal small predators. Condor
102:325-332.

McCLELLAND, B. R., P. T. McCLELLAND, AND M. E.
MCFADZEN. 2006. Longevity of Bald Eagles from
autumn concentrations in Glacier National Park,
Montana, and assessment of wing-marker durability.
Journal of Raptor Research 40:151-155.

MCcGAHAN, J. 1968. Ecology of the Golden Eagle. Auk
85:1-12.

MCcLEAN, M. L., T. S. McCAY, AND M. J. LovALLo. 2005.
The influence of age, sex and time of year on diet of
bobcat (Lynx rufus) in Pennsylvania. American
Midland Naturalist 153:450-453.

MECH, L. D. AND M. E. NELSON. 1990. Evidence of prey-
caused mortality in three wolves. American Midland
Naturalist 123:207-208.

Mori, E., I. MAGGINI, AND M. MENCHETTI. 2013. When
quills kill: the defense strategy of the crested
porcupine Hystrix cristata L. 1758. Mammalia DOI
10.1515/mammalia-2013-0126.

NIKULA, B. 1995. The New England region. Field Notes
49:126-130.

OLENDORFF, R. R. 1976. Food habits of North American
Golden Eagles. American Midland Naturalist 95:231—
236.

PARKES, K. C. 1950. Great Horned Owl versus porcupine.
Wilson Bulletin 62:213-214.

THE WILSON JOURNAL OF ORNITHOLOGY - Vol. 127, No. 1, March 2015

PAYETTE, S. 1987. Recent porcupine expansion at tree line:
a dendroecological analysis. Canadian Journal of
Zoology 65:551-557, doi: 10.1139/287-085.

PULLING, A. V. S. 1945. Porcupine damage to bighorn
sheep. Journal of Wildlife Management 9:329.

PRUGH, L. R. 2005. Coyote prey selection and community
stability during a decline in food supply. Oikos
110:253-264.

RiTCHIE, R. J. 1982. Porcupine quill and beetles in
Peregrine castings, Yukon River, Alaska. Journal of
Raptor Research 16:59-60.

SCHORGER, A. W. 1961. Porcupine quills in a Ruffed
Grouse. Wilson Bulletin 73:394.

SmitH, D. W., T. D. DRUMMER, K. M. MURPHY, D. S.
GUERNSEY, AND S. B. EvVANs. 2004. Winter prey
selection and estimation of wolf kill rates in Yellow-
stone National Park, 1995-2000. Journal of Wildlife
Management 68:153—166.

STAHLECKER, D. W., D. G. MIKESIC, J. N. WHITE, S.
SHAFFER, J. P. DELONG, M. R. BLAKEMORE, AND C. E.
BLAKEMORE. 2009. Prey remains in nests of four
corners Golden Eagles, 1998-2008. Western Birds
40:301-306.

SWEITZER, R. A. 1996. Predation or starvation: conse-
quences of foraging decisions by porcupines (Erethi-
zon dorsatum). Journal of Mammalogy 77:1068—
1077.

THOMPSON, D. J., D. M. FECSKE, J. A. JENKS, AND A. R.
JARDING. 2009. Food habits of recolonizing cougars in
the Dakotas: prey obtained from prairie and agricul-
tural habitats. American Midland Naturalist 161:69—
75.

VINCENT J. F. V. AND P. OWERS. 1986. Mechanical design
of hedgehog spines and porcupine quills. Journal of
Zoology 210:55-75.

WANG, W. AND J. MCKITTRICK. 2013. Separating the influ-
ence of the cortex and foam on the mechanical properties
of porcupine quills. Acta Biomaterialia 9:9065-9074.

WILEY, J. W. 1969. A case of Great Horned Owl predation
on a porcupine. Condor 71:73.

WING, L. W. 1936. Porcupine quills kill Raven. Auk
53:218-219.

ZELINSKI, W. J. AND N. P. DUNCAN. 2004. Diets of
sympatric populations of American martens (Martes
americana) and fishers (Martes pennati) in California.
Journal of Mammalogy 85:470-477.





