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Abstract. Wind energy development can negatively impact bird populations due to bird–turbine colli-
sions. To accurately estimate bird mortality at wind farms, the number of dead birds found under turbines is
commonly corrected for carcass removal by scavengers, which is quantified by measuring persistence of
experimental carcasses through time. These studies often use domestic birds as surrogates because carcasses
of wild birds (e.g., raptors) are difficult to obtain. We assessed scavenger removal of carcasses from five bird
species at simulated turbines to determine whether domestic surrogates are scavenged at a different rate
than raptors, species of interest for wind turbine mortality. The percentage of carcasses scavenged during
14-d rounds ranged from 34.6% for American kestrels (Falco sparverius) to 65.4% for chickens (Gallus gallus),
and the percentage of carcasses completely removed ranged from 13.5% for red-tailed hawks (Buteo jamaicen-
sis) to 67.3% for northern bobwhites (Colinus virginianus). Carcass type (i.e., species) was the only predictor
included in the best-fit logistic regression model of complete carcass removal, and a survival analysis indi-
cated carcass type influenced elapsed time to scavenging events. Our results suggest the use of surrogate
species to quantify carcass removal at wind turbines could lead to inaccurate mortality estimates.
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INTRODUCTION

Collision with wind turbines is an important
source of mortality for some bird populations (Loss
et al. 2013, Smallwood 2013, Zimmerling et al.
2013, Erickson et al. 2014). In response to concerns
about population-level effects of wind energy on
birds and other wildlife, the U.S. Fish and Wildlife
Service (USFWS 2012) developed a five-tiered
approach to assist wind energy companies in iden-
tifying and avoiding development at sites with a
high risk to wildlife. This effort recommends using
mortality studies to detect sites with particularly

high mortality and additional studies that can be
used as part of an adaptive management process
to reduce the risk to wildlife at operating wind
energy sites. Because the guidance is voluntary,
wind energy companies and their consultants have
substantial freedom in terms of how they interpret
and implement the guidelines (https://www.
fws.gov/Midwest/endangered/permits/hcp/r3wind/
DraftHCPandEIS.html).
To estimate the number of birds killed at a

wind farm, trained observers search the area
under turbines and record the number and spe-
cies of bird (and other) carcasses found. This
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number is then corrected for the number of car-
casses that are missed by observers, whether this
error occurs as a result of observational bias or
prior removal of carcasses by scavengers (Kunz
et al. 2007, Smallwood 2007). Scavenger bias is
evaluated on a site-specific basis by placing car-
casses under turbines and assessing their fates at
predetermined intervals (Smallwood et al. 2010).
However, researchers often use easily obtained
(e.g., domestic) carcasses, with chickens substi-
tuting for larger raptors, pigeons substituting for
midsized birds, and quail substituting for smaller
birds including passerines (Villegas-Patraca et al.
2012). Thus, experimental carcasses often do not
match the species that are being killed (e.g., rap-
tors), in large part because wild birds are legally
protected and relatively difficult to obtain
(Smallwood 2007, Urquhart et al. 2015).

When conducted, mortality studies are consid-
ered confidential business information and gen-
erally not publicly disseminated (Johnson et al.
2016), although references to several such studies
are contained in USFWS wind energy guidance
(USFWS 2012). Published, peer-reviewed studies
that have investigated removal of raptor car-
casses compared to domestic species include
Smallwood et al. (2010), who used 17 raptor car-
casses (including owls) from seven species and
provided evidence indicating mortality rate
calculations are sensitive to the number and
frequency of carcasses used in the trials. Urqu-
hart et al. (2015) monitored the fates of two bird
species and found carcasses of pheasants (Phasia-
nus colchicus) were more likely to be removed (by
unknown scavengers) than were buzzards (Buteo
buteo). These observations suggest mortality
studies at wind energy sites could benefit from
additional research comparing carcass persis-
tence across bird species, especially studies
including a more robust sample and informed by
broader research in scavenging ecology.

There is mounting evidence indicating carcass
removal by vertebrates is a complex process mod-
ulated by a multitude of biotic and abiotic factors
(DeVault et al. 2003, Beasley et al. 2016), yet stud-
ies on scavenger removal of carcasses at wind
farms rarely incorporate knowledge from the
ecology literature regarding factors influencing
carcass use by scavengers and decomposers (see
Paula et al. 2014). In particular, the rate and pro-
portion of carcasses consumed by vertebrates is

inversely related to ambient temperature, due to
increased invertebrate and microbial activity
under warmer conditions (DeVault et al. 2004,
Selva et al. 2005, Beasley et al. 2012). Carcass
decomposition and acquisition by vertebrates are
also strongly influenced by habitat, at both the
microscale (Parmenter and MacMahon 2009) and
macroscale (Selva et al. 2005, Huijbers et al. 2013,
Turner et al. 2017), as well as the composition of
local vertebrate and invertebrate communities
(DeVault et al. 2011, Ogada et al. 2012, Olson
et al. 2012). Furthermore, the properties of car-
casses themselves can have a profound influence
on vertebrate scavenging dynamics, although this
remains an area of much-needed research
(Robertson 1980). For example, both scavenging
rates and the composition of vertebrate scaveng-
ing communities vary markedly as a function of
carcass size (Mole�on et al. 2015, Turner et al.
2017) and the cause of death of the carrion source
(Selva et al. 2005). There is also recent evidence
suggesting predators might be scavenged at a
lower rate than other vertebrates (Abernethy et al.
2016, Olson et al. 2016, Mole�on et al. 2017). Given
the complexity of intrinsic and extrinsic factors
influencing scavenging dynamics, careful plan-
ning of studies assessing carrion use, including
the use of carcass surrogates, is essential to the
broader application of research findings.
Our objective was to investigate factors influ-

encing removal of bird carcasses by vertebrate
scavengers at simulated wind turbine sites to
determine whether the use of surrogate species
accurately reflects carcass removal of species that
are commonly killed by turbines. Our use of sim-
ulated wind turbines was necessary given the
scarcity of published data from actual wind
farms. We were especially interested in whether
raptors (i.e., hawks and falcons) are removed at a
different rate than domestic (often prey) species.
Based on findings from recent studies (Urquhart
et al. 2015, Mole�on et al. 2017), we expected
domestic species would be removed by scav-
engers more quickly than raptors.

METHODS

We conducted our study at the 2200-ha
National Aeronautics and Space Administration’s
Plum Brook Station (PBS; Erie County, Ohio,
USA; 41°220 N, 82°410 W). The station has limited
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public access and is enclosed by a 2.4 m high
chain-linked fence with barbed-wire outriggers.
Habitat within PBS differs from the surrounding
agricultural crops and exurban development,
comprising canopy-dogwood (Cornus spp.), old
field and grasslands, open woodlands, and
mixed-hardwood forests interspersed by build-
ings and paved roads that circle and bisect the
station. Scavengers commonly occurring at PBS
include turkey vulture (Cathartes aura), red-tailed
hawk (Buteo jamaicensis), bald eagle (Haliaeetus leu-
cocephalus), raccoon (Procyon lotor), coyote (Canis
latrans), and Virginia opossum (Didelphis virgini-
ana). All experimental procedures were approved
by the U.S. Department of Agriculture, National
Wildlife Research Center, Institutional Animal
Care and Use Committee (QA-2229).

We established 10 permanent, simulated wind
turbine sites at PBS, five in forest and five in open
field, with each plot ≥1 km from any other plot.
We included forested sites because some operat-
ing wind turbines are located in or adjacent to
forests (e.g., mountaintop turbines), and prior
research suggests that removal of small carcasses
can vary across habitat types (DeVault et al.
2004). Simulated wind turbine sites (hereafter, tur-
bines) consisted of 40 m radius circular plots
(Smallwood 2007); plot centers were marked with
metal posts. We used 40 m radius plots because
the vast majority of birds killed by collision with
turbines are found within that distance from the
turbine (Johnson et al. 2000). Forested turbine
locations were chosen by finding comparable
forested areas (i.e., similar plant communities)
that allowed the center of the plot to be ≥50 m
from the edge of the forest. Open-field locations
were placed in established grasslands on PBS that
allowed placement of a 40 m radius circular plot
entirely within the grassy area.

Two bird carcasses were placed in random loca-
tions ≥30 m apart (as determined by a Geographic
Information System) at each simulated turbine
during each of 13 rounds of 14 d length each
(DeVault et al. 2004, Paula et al. 2014). Nine
rounds of trials were conducted from 2 July 2014
through 5 November 2014, and four rounds were
conducted from 13 May 2015 through 8 July 2015,
for a total of 260 carcasses (n = 20 per round).
Carcasses were placed by walking (guided by a
handheld Global Positioning System unit) to the
predetermined, random carcass location, holding

the carcass by the feet at head level, and dropping
it to the ground. Because human scent might have
been present on our experimental carcasses, the
cues available to scavengers for finding carcasses
might not accurately reflect those available for
carcasses found at actual wind turbines. For that
reason, comparing persistence rates of carcasses
during our study to other studies investigating
carcasses of birds killed by collisions with tur-
bines might be inappropriate. However, because
our primary research objective was concerned
with relative persistence rates across carcass types
and all carcasses were deployed using the same
methods, presence of human scent should not
influence our results.
Carcasses of five bird species were used (n = 52

of each): American kestrel (Falco sparverius),
red-tailed hawk, northern bobwhite (Colinus
virginianus), rock pigeon (Columba livia), and
brown-feathered domestic chicken (Gallus gallus).
Four carcasses from each species were used dur-
ing each round and randomly distributed across
turbines. American kestrel and red-tailed hawk
carcasses were obtained from a local wildlife reha-
bilitator (i.e., birds euthanized because they were
too injured to be rehabilitated and released).
Pigeons were salvaged from control operations at
a nearby airport where they were trapped and
euthanized to reduce the likelihood of a collision
with aircraft. Northern bobwhite and chicken car-
casses were obtained frozen from a commercial
supplier (RodentPro.com, Inglefield, Indiana,
USA). All carcasses were stored in freezers until
the evening before use, when they were thawed
at room temperature. Each individual bird carcass
was weighed (rounded to the nearest integer, in
g) before storage; mean carcass masses (g) by
species (mean � SD) were as follows: American
kestrel (101 � 15), northern bobwhite (163 � 10),
rock pigeon (288 � 42), red-tailed hawk (980 �
276), and chicken (1623 � 201).
Passive infrared, motion-detecting, remote cam-

eras with infrared illumination (Reconyx models
RC60 and PC900) were attached to metal posts
and aimed at each carcass (approximately 2 m
away). The cameras allowed us to determine
which vertebrate species removed carcasses, and
time stamps on each image allowed us to measure
elapsed time from carcass placement until first
investigation and scavenging by a vertebrate
(Smallwood et al. 2010, Paula et al. 2014). The
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presence of such cameras has little influence on
behavior of midsized species like raccoons and
Virginia opossums (Gompper et al. 2006); there-
fore, we assumed that the cameras had no signifi-
cant effects on our results. At the end of each
round, we revisited carcass locations and searched
for remains within 5 m of the initial location to
determine the fate of carcasses (i.e., completely
intact, 50–99% present, 1–49% present, feathers or
bones only, completely missing), and all remains
found were collected and incinerated at that time.
We recorded weather conditions (e.g., mean ambi-
ent air temperature) during each round with an
automated weather station located at PBS. At the
end of each round, we moved cameras within the
plot to the random carcass locations established
for the next round and deployed new carcasses.

All images generated from scavenging trials
were examined to determine the vertebrate spe-
cies that investigated or scavenged carcasses. Car-
casses were categorized as investigated when a
vertebrate was photographed visually inspecting
or directly smelling a carcass. Likewise, carcasses
were deemed scavenged by a vertebrate when we
observed the animal actively feeding on or mov-
ing the carcass. Thus, it was not necessary that the
vertebrate completely consumed or removed the
carcass for a scavenging event to be designated.
Even so, we note the first species documented
scavenging on a carcass was also primarily res-
ponsible for carcass removal for 93.3% of trials for
which photographic evidence was sufficient for
such a determination to be made.

Our inferential analyses were designed to eluci-
date results most relevant to managers investigat-
ing bird mortality at wind turbines. As such, we
determined how carcass type and other factors
influenced complete disappearance (no trace left) of
carcasses after the trials ended (Ponce et al. 2010).
We note that carcass disappearance could have
resulted from the activities of scavengers or the
combined effort of scavengers and decomposers; it
was not dependent on whether we recorded a ver-
tebrate feeding on the carcasses based on photo-
graphic data. Instead, carcass disappearance was
determined based on our visual inspections of car-
cass locations at the end of each round. For this
analysis, we conducted a logistic regression (logistic
regression procedure in SPSS version 23.0; IBM
Corporation 2014). The binary dependent variable
was complete disappearance of the carcass or some

remains left at the site of placement; the predictor
variables were carcass type (American kestrel,
northern bobwhite, rock pigeon, red-tailed hawk,
or chicken), round number (i.e., season; 1–13), mean
temperature during the round, and habitat type
(grassland or forest). Carcass mass was not used as
a potential predictor because it was not indepen-
dent with carcass type. We evaluated all candidate
models using Akaike’s information criterion
adjusted for small sample sizes (AICc) and consid-
ered models equally parsimonious with DAICc < 2.
We subsequently used Kaplan–Meier survival

analysis to investigate the effects of carcass type on
elapsed time from carcass placement until (1) first
investigation and (2) the first scavenging event as
determined by photographic evidence. We
included the analysis on first investigation to help
determine whether some carcass types were more
detectable to vertebrates than others. Carcasses
that were not investigated or scavenged were
assigned an elapsed time of 14 d (i.e., the entire
round). For survival analysis examining elapsed
time until scavenging, we censored trials for which
the carcass was found completely missing at the
end of the rounds by visual inspection but had no
associated scavenging event recorded (n = 40),
because we could not determine the removal time
(i.e., when the scavenging event occurred) based
on photographic evidence. Statistical significance
for elapsed time until investigation and scavenging
across carcass types was determined with a log-
rank (Mantel–Cox) test, which calculates a chi-
square value for observed and expected events at
each time step and evaluates the null hypothesis of
no difference across curves.
We investigated whether carcass type (i.e., spe-

cies) influenced the vertebrate species that first
investigated or scavenged carcasses using sepa-
rate chi-square analyses. For these tests, we only
considered carcasses that were investigated
(n = 208) or scavenged (n = 120), respectively, at
some point during the 14-d rounds. Statistical
significance was set at P ≤ 0.05. We used SPSS
version 23.0 (IBM Corporation 2014) for all statis-
tical analyses.

RESULTS

We found substantial variation in the condition
of carcasses across carcass types during visual
inspection at the end of 14-d rounds (Table 1). For
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example, the number of carcasses that were com-
pletely missing ranged from 7 (13.5%) for red-
tailed hawks to 35 (67.3%) for northern bobwhites.
The number of carcasses investigated by verte-
brates during the rounds ranged from 38 (73.1%)
for northern bobwhites to 47 (90.4%) for chickens
(Table 2), and the number of carcasses scavenged
by vertebrates ranged from 18 (34.6%) for Ameri-
can kestrels to 34 (65.4%) for chickens (Table 3).

The best-fit logistic regression model investi-
gating factors influencing complete disappear-
ance of carcasses included only a single-predictor
variable, carcass type (Table 4). All other candi-
date models had DAICc values ≥14.06. The top
model indicated northern bobwhites were more
likely (P = 0.007) and red-tailed hawks less likely
(P = 0.003) than chickens to be completely miss-
ing at the end of rounds (Table 4).

Across carcass types, mean persistence until first
investigation was estimated at 4.76 d (SE = 0.32)
and did not vary across carcass types (log-rank

test, chi-square = 1.51, df = 4, P = 0.825; Table 5,
Fig. 1). Conversely, overall mean carcass persis-
tence until the first scavenging event was estimated
at 8.70 d (SE = 0.37) and varied substantially across
carcass types, ranging from 6.88 d (SE = 0.74) for
chickens to 10.29 d (SE = 0.71) for red-tailed hawks
(log-rank test, chi-square = 14.06, df = 4, P = 0.007;
Table 5, Fig. 1). Finally, carcass type influenced the
vertebrate species that first investigated (chi-
square = 74.69, df = 52, P = 0.021; Table 2) and
scavenged carcasses (chi-square = 47.12, df = 32,
P = 0.041; Table 3).

DISCUSSION

Our results clearly indicate that carcass type
influenced the probability of scavenging and car-
cass persistence over the 14-d rounds. In particu-
lar, the two raptor species we tested (American
kestrel and red-tailed hawk) persisted in the envi-
ronment longer before they were scavenged and

Table 1. Carcass condition, as determined by visual inspection, at the end of 14-d rounds during an assessment
of carcass persistence at simulated wind turbines in Ohio, USA, 2014–2015.

Carcass condition American kestrel Northern bobwhite Rock pigeon Red-tailed hawk Chicken Total

Completely intact 0 0 0 2 0 2
50–99% biomass present 6 2 2 6 2 18
1–49% biomass present 11 5 10 15 8 49
Feathers or bones only 13 10 21 22 21 87
Completely missing 22 35 19 7 21 104

Table 2. First investigators recorded by photographic evidence for carcasses of five bird species during an assess-
ment of carcass persistence at simulated wind turbines in Ohio, USA, 2014–2015.

Investigator
American
kestrel

Northern
bobwhite

Rock
pigeon

Red-tailed
hawk Chicken Total

Eastern chipmunk Tamias striatus 0 0 0 0 1 1
Coyote Canis latrans 6 1 4 2 5 18
White-tailed deer Odocoileus virginianus 12 11 13 11 11 58
Southern flying squirrel Glaucomys volans 0 0 1 0 0 1
Fox squirrel Sciurus niger 0 1 1 0 3 5
American kestrel Falco sparverius 0 0 0 1 0 1
Deer mouse Peromyscus spp. 0 0 1 1 2 4
Virginia opossum Didelphis virginiana 3 1 3 1 2 10
Raccoon Procyon lotor 13 18 13 17 11 72
Red-tailed hawk Buteo jamaicensis 5 2 1 6 1 15
Turkey vulture Cathartes aura 0 4 1 0 11 16
WeaselMustela spp. 2 0 2 0 0 4
Wild turkeyMeleagris gallopavo 1 0 0 0 0 1
Unknown 1 0 0 1 0 2
Total 43 38 40 40 47 208
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were less likely to be completely removed by the
end of trials than similarly sized, non-raptor spe-
cies commonly used as surrogates in wind turbine
carcass removal studies. For example, chickens
were scavenged more often than red-tailed hawks

(65.4% of carcasses scavenged for chickens vs.
40.4% for red-tailed hawks), and three times more
chickens were completely removed by end of the
14-d rounds, even though chickens (mean
mass = 1623 g) were substantially larger on aver-
age than red-tailed hawks (980 g). Furthermore,
the best-fit logistic regression model for complete
carcass disappearance included only carcass type
as a predictor, suggesting the influence of carcass
type on longevity overshadowed any effects of
round number (i.e., season) and the environmen-
tal variables considered.
Our results strengthen inferences from previous

studies documenting differences in persistence
across carcass types with regard to wind turbine
collisions (Smallwood 2007, Urquhart et al. 2015,
but see Paula et al. 2014) and other direct causes
of anthropic mortality (Ponce et al. 2010, Santos
et al. 2011, Teixeira et al. 2013). Ecological studies
investigating carcass use by vertebrates also have

Table 3. First scavengers recorded by photographic evidence for carcasses of five bird species during an assess-
ment of carcass persistence at simulated wind turbines in Ohio, USA, 2014–2015.

Scavenger
American
kestrel

Northern
bobwhite

Rock
pigeon

Red-tailed
hawk Chicken Total

Coyote Canis latrans 4 3 6 4 7 24
Domestic cat Felis catus 0 1 0 0 0 1
Great horned owl Bubo virginianus 0 0 0 0 1 1
Raccoon Procyon lotor 4 9 6 1 3 23
Red-tailed hawk Buteo jamaicensis 4 2 4 4 2 16
Turkey vulture Cathartes aura 0 2 1 1 12 16
Virginia opossum Didelphis virginiana 4 5 4 9 8 30
WeaselMustela spp. 1 0 1 0 0 2
Unknown 1 1 2 2 1 7
Total 18 23 24 21 34 120

Table 4. Model coefficients (�SE) for parameters in the best-fit binary logistic regression model predicting com-
plete carcass disappearance over a 14-d period at simulated wind turbines.

Parameter† Estimate SE
Wald
statistic P

Estimated
odds ratio

Lower, upper 95% CI for
estimated odds ratio

Carcass type (American kestrel) �0.079 0.398 0.040 0.842 0.924 0.423, 2.017
Carcass type (northern bobwhite) �1.112 0.409 7.387 0.007 0.329 0.148, 0.733
Carcass type (rock pigeon) 0.163 0.403 0.162 0.687 1.177 0.534, 2.595
Carcass type (red-tailed hawk) 1.471 0.495 8.837 0.003 4.355 1.651, 11.488
Intercept 0.478 0.141 11.564 0.001 1.613

Notes: The single-predictor model reported here was significant at P < 0.001 as evaluated by the model chi-square, had a
Nagelkerke R2 value of 0.165, and was selected from all possible models using the predictor variables carcass type (American
kestrel, northern bobwhite, rock pigeon, red-tailed hawk, or chicken), round number, mean temperature during the round, and
habitat type (grassland or forest). The Wald statistic equals the ratio of the coefficient to its standard error, squared. All other
candidate models had DAICc values ≥14.06.

† The reference category for carcass type was chicken; thus, the coefficients listed for all carcass types are relative to chickens.

Table 5. Mean persistence time (days), as determined by
Kaplan–Meier survival estimates, until the first investi-
gation and scavenging event for carcasses of five bird
species during an assessment of carcass persistence at
simulated wind turbines in Ohio, USA, 2014–2015.

Carcass

Investigation Scavenging

Estimate SE Estimate SE

American kestrel 4.69 0.70 10.22 0.80
Northern bobwhite 5.47 0.81 7.50 0.96
Rock pigeon 5.00 0.76 8.43 0.86
Red-tailed hawk 4.77 0.77 10.29 0.71
Chicken 3.87 0.54 6.88 0.74
Overall 4.76 0.32 8.70 0.37
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reported variability in scavenging rates across
species (Parmenter and MacMahon 2009, Aber-
nethy et al. 2016, Olson et al. 2016, Mole�on et al.
2017, Turner et al. 2017). Clearly, all carcasses are
not used equally by vertebrates.

We found strong evidence for differential use
of various carcass types among vertebrate scav-
enger species, which could have driven the dif-
ferences we found in persistence across carcass
types (see also DeVault et al. 2011, Paula et al.
2014). In one notable example, turkey vultures

scavenged 12 chicken carcasses but only four car-
casses from all other species combined. Likewise,
when baiting turkey vultures to roads during a
previous study (DeVault et al. 2014), we found
that turkey vultures strongly preferred raccoon
to Canada goose (Branta canadensis) carcasses
(T. L. DeVault, unpublished data). Given the abun-
dance (Inzunza et al. 2010) and scavenging effi-
ciency (Houston 1986, Turner et al. 2017) of
turkey vultures across North and South America,
a preference by turkey vultures for certain car-
casses over others could strongly influence differ-
ences in persistence across carcass types.
The apparent preference shown by turkey vul-

tures and other scavengers for certain carcass types
could result from differences in palatability (Cott
1945, Weldon and Rappole 1997), carcass appear-
ance (Robertson 1980), or odor (Weldon and
Rappole 1997) and ultimately could reflect an evo-
lutionary strategy for reducing disease transmis-
sion (Mole�on et al. 2017). Furthermore, although
we found that carcass type influenced the verte-
brate species first investigating carcasses, we found
no evidence supporting differences in overall
detectability across carcass types, as indicated by
the survival analysis. Similarly, Mole�on et al. (2017)
found the elapsed time needed for scavengers to
detect carcasses did not vary between herbivore
and carnivore carcasses, although the number of
species observed feeding on carcasses and the per-
centage of carcass biomass consumed were much
higher for herbivore than carnivore carcasses.
Although carcass type was clearly the most

important predictor of carcass persistence in our
study, the fate of carrion in various ecosystems
can be strongly influenced by other biotic and
abiotic factors (Beasley et al. 2016). In some
cases, carcass size (DeVault et al. 2004, Par-
menter and MacMahon 2009, Mole�on et al. 2015,
Turner et al. 2017) and air temperature (DeVault
and Rhodes 2002, DeVault et al. 2004, 2011,
Selva et al. 2005) contribute to differential carcass
use by vertebrate scavengers and decomposers
and therefore the persistence of carcasses in the
landscape. Future assessments of carcass persis-
tence at wind farms to elucidate collision mortal-
ity risk for birds and other wildlife would benefit
from integrating knowledge from the broader
ecological literature on scavenging ecology to
adopt standardized criteria that account for key
biotic and abiotic attributes known to influence

Fig. 1. Persistence of bird carcasses until (a) first
investigation and (b) first scavenging event for car-
casses of five bird species at simulated wind turbines
in Ohio, USA, 2014–2015.
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carrion fate. For example, assessments of carcass
persistence at wind farms could incorporate sim-
ple measurements of air temperature, carcass
size, and when possible, the use of remote cam-
eras to identify scavengers responsible for
removing carcasses. These efforts could lead
toward a more accurate understanding of carcass
persistence across wind turbine sites that vary in
habitat, climate, human disturbance, and resi-
dent vertebrate communities. Such data also
would be particularly valuable if published in
peer-reviewed journals or reports, which could
allow for development of models that more accu-
rately predict carcass removal and thus generate
more accurate mortality estimates for birds and
other wildlife at wind turbines.

The complex biological interaction by which
scavengers select and remove carcasses is also
complicated by a series of regulatory and busi-
ness concerns. At present, wind energy sites that
conduct mortality monitoring either recycle car-
casses found during the study (resulting in a lim-
ited number of carcasses, many of which might
be partially decomposed) or use domestic birds
as surrogates. We have demonstrated that, based
on common practices used at wind farms, the
use of domestic birds is likely to result in an
overestimate of scavenging rates and therefore
lead to an inflated estimate of mortality in assess-
ments of bird collision risks from wind turbines.
Furthermore, given substantial variation rep-
orted across mortality studies, one must also be
concerned with the quality of those studies that
are maintained as confidential business data. We
support the requirements contained in a draft
habitat conservation plan from the midwestern
USA that mortality monitoring be completed at
all sites and that the resulting studies, their meth-
ods, and results be made public (https://www.
fws.gov/Midwest/endangered/permits/hcp/r3wind/
DraftHCPandEIS.html).

Humans cause a staggering amount of mortal-
ity, both directly and indirectly, to birds world-
wide (Loss et al. 2015). Although overall bird
mortality resulting from collisions with wind tur-
bines is far surpassed by other anthropic causes
(Calvert et al. 2013, DeVault 2015, Loss et al.
2015), these collisions are clearly detrimental for
some bird populations and accurate mortality esti-
mates are necessary to guide mitigation (Carrete
et al. 2009, Loss et al. 2013, Erickson et al. 2014).

Correction factors derived from carcass removal
studies, designed to augment mortality estimates,
can have a major effect on the accuracy of such
estimates for wind turbines and other anthropic
causes of mortality (Smallwood et al. 2010, Ber-
nardino et al. 2011, Santos et al. 2011, Bispo et al.
2013, Teixeira et al. 2013). Our study suggests the
use of surrogate species, particularly the substitu-
tion of domestic species for raptors, can bias car-
cass removal studies and therefore lead to
inaccurate mortality estimates. We recommend
mortality studies be completed with carcasses that
are as similar to those detected on site as possible.
This may require relaxation of regulatory require-
ments that allow animal control specialists, wild-
life rehabilitators, and others with access to large
numbers of bird carcasses to donate those for
assessments of carcass persistence.

ACKNOWLEDGMENTS

We thank Back to the Wild Wildlife Rehabilitation &
Nature Education Center for providing red-tailed
hawk and American kestrel carcasses. B. Buckingham
helped with field work and M. B. Pfeiffer provided
helpful comments on the manuscript. Funding was
provided by the U.S. Department of Agriculture. Con-
tributions of J. C. Beasley were partially supported
through funding by the U.S. Department of Energy
under Award Number DE-EM0004391 to the Univer-
sity of Georgia Research Foundation.

LITERATURE CITED

Abernethy, E. F., K. L. Turner, J. C. Beasley, T. L.
DeVault, W. C. Pitt, and O. E. Rhodes Jr. 2016.
Carcasses of invasive species are predominantly
utilized by invasive scavengers in an island ecosys-
tem. Ecosphere 7:e01496.

Beasley, J. C., Z. H. Olson, and T. L. DeVault. 2012.
Carrion cycling in food webs: comparisons
among terrestrial and marine ecosystems. Oikos
121:1021–1026.

Beasley, J. C., Z. H. Olson, and T. L. DeVault. 2016.
Ecological role of vertebrate scavengers. Pages
107–127 in M. E. Benbow, J. K. Tomberlin, and
A. M. Tarone, editors. Carrion ecology, evolution
and their applications. CRC Press, Boca Raton,
Florida, USA.

Bernardino, J., R. Bispo, P. Torres, R. Rebelo, M. Mas-
carenhas, and H. Costa. 2011. Enhancing carcass
removal trials at three wind energy facilities in Por-
tugal. Wildlife Biology in Practice 7:1–14.

 ❖ www.esajournals.org 8 November 2017 ❖ Volume 8(11) ❖ Article e01994

DEVAULT ET AL.

https://doi.org/https://www.fws.gov/Midwest/endangered/permits/hcp/r3wind/DraftHCPandEIS.html
https://doi.org/https://www.fws.gov/Midwest/endangered/permits/hcp/r3wind/DraftHCPandEIS.html
https://doi.org/https://www.fws.gov/Midwest/endangered/permits/hcp/r3wind/DraftHCPandEIS.html


Bispo, R., J. Bernardino, T. A. Marques, and D. Pestana.
2013. Modeling carcass removal time for avian
mortality assessment in wind farms using survival
analysis. Environmental and Ecological Statistics
20:147–165.

Calvert, A. M., C. A. Bishop, R. D. Elliot, E. A. Krebs,
T. M. Kydd, C. S. Machtans, and G. J. Robertson.
2013. A synthesis of human-related avian mortality
in Canada. Avian Conservation and Ecology 8:11.

Carrete, M., J. A. S�anchez-Zapata, J. R. Ben�ıtez, M.
Lob�on, and J. A. Don�azar. 2009. Large scale risk-
assessment of wind-farms on population viability
of a globally endangered long-lived raptor. Biologi-
cal Conservation 142:2954–2961.

Cott, H. B. 1945. The edibility of birds. Nature
156:736–737.

DeVault, T. L. 2015. Reprioritizing avian conservation
efforts. Human-Wildlife Interactions 9:150–151.

DeVault, T. L., B. F. Blackwell, T. W. Seamans, S. L.
Lima, and E. Fern�andez-Juricic. 2014. Effects of
vehicle speed on flight initiation by turkey vul-
tures: implications for bird–vehicle collisions. PLoS
ONE 9:e87944.

DeVault, T. L., I. L. Brisbin Jr., and O. E. Rhodes Jr.
2004. Factors influencing the acquisition of rodent
carrion by vertebrate scavengers and decomposers.
Canadian Journal of Zoology 82:502–509.

DeVault, T. L., Z. H. Olson, J. C. Beasley, and O. E.
Rhodes Jr. 2011. Mesopredators dominate competi-
tion for carrion in an agricultural landscape. Basic
and Applied Ecology 12:268–274.

DeVault, T. L., and O. E. Rhodes Jr. 2002. Identification
of vertebrate scavengers of small mammal
carcasses in a forested landscape. Acta Theriologica
47:185–192.

DeVault, T. L., O. E. Rhodes Jr., and J. A. Shivik. 2003.
Scavenging by vertebrates: behavioral, ecological,
and evolutionary perspectives on an important
energy transfer pathway in terrestrial ecosystems.
Oikos 102:225–234.

Erickson, W. P., M. M. Wolfe, K. J. Bay, D. H. Johnson,
and J. L. Gehring. 2014. A comprehensive analysis
of small-passerine fatalities from collision with tur-
bines at wind energy facilities. PLoS ONE 9:e107491.

Gompper, M. E., R. W. Kays, J. C. Ray, S. D. Lapoint,
D. A. Bogan, and J. R. Cryan. 2006. A comparison
of noninvasive techniques to survey carnivore
communities in northeastern North America. Wild-
life Society Bulletin 34:1142–1151.

Houston, D. C. 1986. Scavenging efficiency of turkey
vultures in tropical forest. Condor 88:318–323.

Huijbers, C. M., T. A. Schlacher, D. S. Schoeman, M. A.
Weston, and R. M. Connolly. 2013. Urbanisation
alters processing of marine carrion on sandy bea-
ches. Landscape and Urban Planning 119:1–8.

IBM Corporation. 2014. IBM SPSS Statistics for Win-
dows, Version 23.0. IBM, Armonk, New York, USA.

Inzunza, E. R., L. J. Goodrich, and S. W. Hoffman.
2010. North American population estimates of
waterbirds, vultures and hawks from migration
counts in Veracruz, Mexico. Bird Conservation
International 20:124–133.

Johnson, G. D., W. P. Erickson, M. D. Strickland, M. F.
Shepherd, and D. A. Shepherd. 2000. Avian moni-
toring studies at the Buffalo Ridge Wind Resource
Area, Minnesota: results of a 4-year study. Techni-
cal report prepared by WEST, Inc. for Northern
States Power Co., Minneapolis, Minnesota, USA.

Johnson, D. H., S. R. Loss, K. S. Smallwood, and W. P.
Erickson. 2016. Avian fatalities at wind energy
facilities in North America: a comparison of recent
approaches. Human-Wildlife Interactions 10:7–18.

Kunz, T. H., E. B. Arnett, B. M. Cooper, W. P. Erickson,
R. P. Larkin, T. Mabee, M. L. Morrison, M. D.
Strickland, and J. M. Szewczak. 2007. Assessing
impacts of wind-energy development on noctur-
nally active birds and bats: a guidance document.
Journal of Wildlife Management 71:2449–2486.

Loss, S. R., T. Will, and P. P. Marra. 2013. Estimates of
bird collision mortality at wind facilities in the con-
tiguous United States. Biological Conservation
168:201–209.

Loss, S. R., T. Will, and P. P. Marra. 2015. Direct mortal-
ity of birds from anthropogenic causes. Annual
Review of Ecology, Evolution, and Systematics 46:
99–120.

Mole�on, M., J. A. S�anchez-Zapata, E. Sebasti�an-
Gonz�alez, and N. Owen-Smith. 2015. Carcass size
shapes the structure and functioning of an African
scavenging assemblage. Oikos 124:1391–1403.

Mole�on, M., C. Mart�ınez-Carrasco, O. C. Muellerklein,
W. M. Getz, C. Mu~noz-Lozano, and J. A. S�anchez-
Zapata. 2017. Carnivore carcasses are avoided by
carnivores. Journal of Animal Ecology 86:1179–1191.

Ogada, D. L., M. E. Torchin, M. F. Kinnaird, and V. O.
Ezenwa. 2012. Effects of vulture declines on facul-
tative scavengers and potential implications for
mammalian disease transmission. Conservation
Biology 26:453–460.

Olson, Z. H., J. C. Beasley, T. L. DeVault, and O. E.
Rhodes Jr. 2012. Scavenger community response to
the removal of a dominant scavenger. Oikos 121:
77–84.

Olson, Z. H., J. C. Beasley, and O. E. Rhodes Jr. 2016.
Carcass type affects local scavenger guilds more
than habitat connectivity. PLoS ONE 11:e0147798.

Parmenter, R., and J. MacMahon. 2009. Carrion
decomposition and nutrient cycling in a semiarid
shrub-steppe ecosystem. Ecological Monographs
79:637–661.

 ❖ www.esajournals.org 9 November 2017 ❖ Volume 8(11) ❖ Article e01994

DEVAULT ET AL.



Paula, J. J. S., R. M. B. Bispo, A. H. Leite, P. G. S. Per-
eira, H. M. R. G. Costa, C. M. M. S. Fonseca, M. R.
T. Mascarenhas, and J. L. V. Bernardino. 2014.
Camera-trapping as a methodology to assess the
persistence of wildlife carcasses resulting from
collisions with human-made structures. Wildlife
Research 41:717–725.

Ponce, C., J. C. Alonso, G. Argando~na, A. Garc�ıa
Fern�andez, and M. Carrasco. 2010. Carcass rem-
oval by scavengers and search accuracy affect bird
mortality estimates at power lines. Animal Conser-
vation 13:603–612.

Robertson, H. A. 1980. Selection of carrion by the Aus-
tralasian harrier (Circus approximans) in New Zeal-
and. New Zealand Journal of Zoology 7:579–583.

Santos, S. M., F. Carvalho, and A. Mira. 2011. How
long do the dead survive on the roads? Carcass
persistence probability and implications for road-
kill monitoring surveys. PLoS ONE 6:e25383.

Selva, N., B. Jȩdrzejewska, W. Jȩdrzejewski, and A.
Wajrak. 2005. Factors affecting carcass use by a
guild of scavengers in European temperate wood-
land. Canadian Journal of Zoology 83:1590–1601.

Smallwood, K. S. 2007. Estimating wind turbine-
caused bird mortality. Journal of Wildlife Manage-
ment 71:2781–2791.

Smallwood, K. S. 2013. Comparing bird and bat fatal-
ity-rate estimates among North American wind-
energy projects. Wildlife Society Bulletin 37:19–33.

Smallwood, K. S., D. A. Bell, S. A. Snyder, and J. E. Dido-
nato. 2010. Novel scavenger removal trials increase

wind turbine-caused avian fatality estimates. Journal
of Wildlife Management 74:1089–1097.

Teixeira, F. Z., A. V. P. Coelho, I. B. Esperandio, and
A. Kindel. 2013. Vertebrate road mortality esti-
mates: effects of sampling methods and carcass
removal. Biological Conservation 157:317–323.

Turner, K. L., E. F. Abernethy, L. M. Conner, O. E.
Rhodes Jr., and J. C. Beasley. 2017. Abiotic and
biotic factors modulate carrion fate and vertebrate
scavenging communities. Ecology 98:2413–2424.

Urquhart, B., S. Hulka, and K. Duffy. 2015. Game
birds do not surrogate for raptors in trials to cali-
brate observed raptor collision fatalities. Bird
Study 2015:1–4.

U.S. Fish and Wildlife Service [USFWS]. 2012. U.S. Fish
and Wildlife Service land-based wind energy
guidelines. 71 pp. https://www.fws.gov/ecological-
services/es-library/pdfs/WEG_final.pdf

Villegas-Patraca, R., S. Mac�ıas-S�anchez, I. MacGregor-
Fors, and C. Mu~noz-Robles. 2012. Scavenger
removal: bird and bat carcass persistence in a tropi-
cal wind farm. Acta Oecologica 43:121–125.

Weldon, P. J., and J. H. Rappole. 1997. A survey of
birds odorous or unpalatable to humans: possible
indications of chemical defense. Journal of Chemi-
cal Ecology 23:2609–2633.

Zimmerling, J. R., A. C. Pomeroy, M. V. d’Entremont,
and C. M. Francis. 2013. Canadian estimate of bird
mortality due to collisions and direct habitat loss
associated with wind turbine developments. Avian
Conservation and Ecology 8:10.

 ❖ www.esajournals.org 10 November 2017 ❖ Volume 8(11) ❖ Article e01994

DEVAULT ET AL.

https://doi.org/https://www.fws.gov/ecological-services/es-library/pdfs/WEG_final.pdf
https://doi.org/https://www.fws.gov/ecological-services/es-library/pdfs/WEG_final.pdf

	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2017

	Scavenger removal of bird carcasses at simulated wind turbines: Does carcass type matter?
	Travis L. DeVault
	Thomas W. Seamans
	Kimberly E. Linnell
	Dale W. Sparks
	James C. Beasley

	Scavenger removal of bird carcasses at simulated wind turbines: Does carcass type matter?

