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ABSTRACT The Northern Great Plains (NGP) contains much of the remaining temperate grasslands, an
ecosystem that is one of the most converted and least protected in the world. Within the NGP, the Prairie
Pothole Region (PPR) provides important habitat for >50% of North America’s breeding waterfowl and
many species of shorebirds, waterbirds, and grassland songbirds. This region also has high wind energy
potential, but the effects of wind energy developments on migratory and resident bird and bat populations in
the NGP remains understudied. This is troubling considering >2,200 wind turbines are actively generating
power in the region and numerous wind energy projects have been proposed for development in the future.
Our objectives were to estimate avian and bat fatality rates for wind turbines situated in cropland- and
grassland-dominated landscapes, document species at high risk to direct mortality, and assess the influence of
habitat variables on waterfowl mortality at 2 wind farms in the NGP. From 10 March to 7 June 2013–2014,
we completed 2,398 searches around turbines for carcasses at the Tatanka Wind Farm (TAWF) and the
Edgeley-Kulm Wind Farm (EKWF) in South Dakota and North Dakota. During spring, we found
92 turbine-related mortalities comprising 33 species and documented a greater diversity of species (n¼ 30)
killed at TAWF (predominately grassland) than at EKWF (n¼ 9; predominately agricultural fields). After
accounting for detection rates, we estimated spring mortality of 1.86 (SE¼ 0.22) deaths/megawatt (MW) at
TAWF and 2.55 (SE¼ 0.51) deaths/MW at EKWF. Waterfowl spring (Mar–Jun) fatality rates were
0.79 (SE¼ 0.11) and 0.91 (SE¼ 0.10) deaths/MW at TAWF and EKWF, respectively. Our results suggest
that future wind facility siting decisions consider avoiding grassland habitats and locate turbines in pre-
existing fragmented and converted habitat outside of high densities of breeding waterfowl and major
migration corridors. � 2016 The Wildlife Society.
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As demands for energy increase around the world, so does
the need to generate electricity without emitting harmful
pollutants or greenhouse gases (National Wind Coordina-
tion Collaborative [NWCC] 2010, Korner-Nievergelt et al.
2011, Vladislavleva et al. 2013). Wind energy offers one
renewable energy solution and the United States Depart-
ment of Energy (DOE) has targeted that 20% of electricity
be generated from wind by 2030 (DOE 2008, Fargione et al.
2012, Rollins et al. 2012). Currently, wind energy is the
fastest growing energy source in the world (Warudkar and
Ahmed 2013).
The Northern Great Plains (NGP) has strong and

consistent winds, ideal conditions for wind energy develop-
ment (Fargione et al. 2012, Gue et al. 2013, Niemuth et al.
2013). South Dakota and North Dakota rank fifth and sixth,

respectively, in wind energy resource potential in the United
States, and each state is capable of producing over 200 times
its current energy usage (American Wind Energy Associa-
tion 2014). However, this area also has much of North
America’s remaining temperate grasslands, an ecological
system that is the most converted and least protected in the
world (Hoekstra et al. 2005, Fargione et al. 2012). Within
the NGP, the Prairie Pothole Region (PPR) contains
millions of glacial wetlands, many of which are interspersed
among remaining grassland and cropland. The PPR is the
main breeding area for many of the upland nesting duck
species in North America (Batt et al. 1989, Sorenson et al.
1998, Loesch et al. 2013) and it annually supports over half
of the North American breeding waterfowl population
(Bellrose 1980, Loesch et al. 2013). The PPR also provides
important breeding habitat for shorebirds, waterbirds, and
grassland songbirds (Knopf 1996; Dinsmore et al. 1999; Rich
et al. 2004; Niemuth et al. 2005, 2013), including almost
40% of the species on the Partners in Flight Continental
Watch List (Rich et al. 2004). Thus, in an area important to

Received: 10 June 2015; Accepted: 1 February 2016

1E-mail: troy.grovenburg@sdstate.edu

The Journal of Wildlife Management 80(4):736–745; 2016; DOI: 10.1002/jwmg.1051

736 The Journal of Wildlife Management � 80(4)



energy development and breeding birds, siting decisions that
incorporate collision risk to birds are crucial to minimizing
potential mortality risk associated with wind turbines.
The ecological footprint of wind energy developed in the

PPR is likely to affect many species of wildlife (Fargione et al.
2012). Habitat loss, fragmentation, and direct mortality are
some of the concerns associated with wind energy (NWCC
2010, Fargione et al. 2012). Although indirect effects of
wind energy are important, most research examining wildlife
interactions with turbines has concentrated on direct
mortality (Barclay et al. 2007, Kuvlesky et al. 2007, Arnett
et al. 2008, Fargione et al. 2012, Beston et al. 2015). Up to
75% of bird mortalities at wind farms in the United States
were songbirds (Erickson et al. 2002, Johnson et al. 2002,
Kuvlesky et al. 2007, NWCC 2010), which are the most
numerous of North America’s migratory species (NWCC
2010). Although current fatality rates for most species are
unlikely to significantly affect songbird population trends
(National Academy of Sciences 2007, Manville 2009,
NWCC 2010), even small changes in populations have
biological consequences (Longcore et al. 2013). This is
especially true for rarer species of conservation concern (e.g.,
Sprague’s pipit [Anthus spragueii]; Drewitt and Langston
2006, Fargione et al. 2012, Beston et al. 2015).
Evidence of bat mortality (�450,000 bats/year; Cryan

2011) associated with wind turbines has generated increased
interest in bat migration patterns (Baerwald and Barclay
2011) because most fatalities in North America are migratory
tree-roosting bats, including the hoary (Lasiurus cinereus),
eastern red (L. borealis), and silver-haired (Lasionycteris
noctivagans) bat (Arnett et al. 2008, Baerwald and Barclay
2011, Jameson and Willis 2012). Some studies of wind
energy facilities have documented high fatality rates in
certain species of bats, which may have long-term population
effects (Kunz et al. 2007, Cryan and Barclay 2009). As wind
energy facilities increase in number and size, bird and bat
mortalities also are expected to increase (Erickson et al. 2001,
Johnson et al. 2002). More importantly, the interaction of
direct and indirect impacts from wind energy for birds and
bats may cause increased mortality and risk of predation,
alter the availability of food and breeding resources, and
potentially affect demographics and population viability
(Kunz et al. 2007, National Research Council 2007).
Loss et al. (2013) reported that per turbine mortality of all

avian species was lowest in the Great Plains but that an
estimated 23% of total wind energy mortality in the United
States occurred in this area. Studies used for the analysis were
from 5 states (South Dakota, Minnesota, Iowa, Oklahoma,
and Texas), making it difficult to predict future impacts
across the NGP. Previous research by Kiesecker et al. (2011)
noted that wind energy potential in the Great Plains could be
sufficient to meet the output capacity goal of 20% mandated
by the DOE, even if turbines were restricted to siting only
on previously disturbed lands (e.g., cultivated cropland).
However, future construction would include areas where
limited wind energy-related mortality data exists. Addition-
ally, few studies have compared fatality rates in disturbed
versus undisturbed lands. Our objectives were to document

species colliding with turbines in the PPR, calculate fatality
rates for species of concern at the state and federal level, and
assess differences in fatality rates for a wind farm that is
primarily encompassed by agricultural fields versus a wind
farm that is mostly pasture or grasslands.

STUDY AREA

During 2013 and 2014, we surveyed 2 wind facilities in
North Dakota (ND) and South Dakota (SD) during spring
(Mar–Jun). Mean (30-year) spring temperature ranged from
�1.28C to 18.98C with mean annual (30-year) precipitation
of 49.6 cm (North Dakota Agricultural Weather Network
Center 2014, South Dakota Office of Climatology 2014).
The study area was located within the Missouri Coteau of
the Prairie Pothole Region (Bluemle 1979) in the Dakotas.
The PPR consists of rolling hills interspersed with many
temporary, seasonal, and semi-permanent wetlands (Stewart
and Kantrud 1971, Bluemle 1979). Prior to European
settlement, the predominant vegetation of the Missouri
Coteau was native mixed-grass prairie (Kuchler 1964).
Although over half of the grassland has been converted to
agriculture, the area contains a large portion of the intact
grassland remaining east of the Missouri River (Stephens
et al. 2008). Land use in the study area consisted of cultivated
land (62%), grassland (17%), development (14%), wetlands
(3%), and forested cover (4%; U.S.Department of Agriculture
2014). Native vegetation was predominantly western wheat-
grass (Pascopyrum smithii), needle-and-thread (Stipa comata),
green needlegrass (Nassella viridula), prairie Junegrass
(Koeleria cristata), and blue grama (Bouteloua gracilis; Blank
and Fosberg 1989). Cultivated crops in the study area
included corn, soybeans, alfalfa, wheat, and sunflower.
The Tatanka Wind Farm (TAWF; Acciona Wind

Company, Chicago, IL), located 36 km south of Kulm,
ND, was commissioned in 2008 and at approximately
5,700 ha, is the largest wind farm in the Dakotas. The wind
farm was oriented from southwest to northeast; 59 turbines
were located in McPherson County, SD, and 61 turbines
were located in Dickey County, ND (Fig. 1). Each of the
1.5-megawatt (MW) operational turbines (Acciona; model
AW–77/1500) had an 80-m tower with 3, 37-m blades. The
wind farm was capable of operating between wind speeds of
3.5 and 25m/second (AccionaWind Company, unpublished
data). Over 90% of the turbines were located in grassland or
pasture, although some conversion to row-crop agriculture
occurred at specific turbines during the study period.
The Edgeley-Kulm Wind Farm (EKWF; Nextera Energy

Resources, Juno Beach, Florida) was commissioned in 2003
and was located 3.2 km east of Kulm, ND in LaMoure
County. The wind facility was oriented north to south and
each of the 41 operational 1.5-MW turbines (General
Electric, Fairfield, CT, model CWE IEC IIa) had a 64.5-m
tower with 3 blades between 35 and 41m in length. The
wind facility was capable of operating between wind speeds
of 3.6 and 25m/second (Nextera Energy Resources,
unpublished data). All but 1 turbine in LaMoure County
was located in row-crop (i.e., corn, soybean) agricultural
fields.
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METHODS

We obtained landowner access and searched for bird and bat
carcasses at 52 turbines at TAWF and 17 turbines at EKWF
from 11 March to 7 June 2013 and from 10 March to
6 June 2014. We randomly selected turbines for searching
from those we had private landowner permission to access.

We selected the sampling period to coincide with spring
migration and the initial nesting period for most grassland
nesting birds (e.g., waterfowl, shorebirds, upland game,
raptors, and passerines). We did not conduct searches after
the first week of June because vegetation height in grasslands
and in croplands limited searcher efficiency.
The United States Fish and Wildlife Service (USFWS)

recommends search plots have widths equal to twice the
turbine height (USFWS 2012). Therefore, we centered a
1.5-ha circular plot (radius of approx. 70m from turbine
base) around each turbine to ensure we searched all areas
within 50m of the turbine (Anderson et al. 1999, Johnson
et al. 2002), including distances out to twice the turbine
height (USFWS 2012). A 2-person crew surveyed each
1.5-ha plot using parallel transects, maintaining 4–6m
between transects (Smallwood and Thelander 2008),
depending on snow cover, grass height, and topography.
We searched a sub-sample of turbines daily because many

migratory species are small and there is a potential for bias
associated with high numbers of periodic mortalities
(USFWS 2012); we randomly selected these turbines from
the overall sample of accessible turbines. We searched
20 turbines/day based on the time needed for a 2-person
team to complete a search. We established a 3-day search
rotation where we searched a subset of 10 turbines (all were at
TAWF) daily and then rotated the searching of 10 other
turbines among those for which we had access, with
10 turbines at EKWF searched every third day.
We recorded date, start time, end time, observer(s), wind

facility, turbine number, turbine status (i.e., operating, not
operating, under maintenance) for each search as per the
USFWS protocol (USFWS 2012). When we located a
carcass, we flagged the remains and continued the search.
After we searched the entire plot, we returned to each carcass
and recorded date, species, sex and age (when possible),
observer, turbine number, wind facility, distance from
turbine (including global positioning system [GPS] coor-
dinates), and condition of carcass (entire, partial, scavenged).
We took digital photographs of each carcass and wore sterile
vinyl gloves when handling all carcasses. In the event that we
could not identify a carcass, we placed the carcass in a labeled
plastic bag (USFWS 2012) for further examination in the
laboratory (South Dakota State University). We handled all
carcasses in accordance with research permits granted by
the USFWS (Permit no. MB03605B-0), South Dakota
Department of Game, Fish and Parks (Permit no. 33),
North Dakota Game and Fish Department (Permit no.
GNF03343177), and the Institutional Animal Care and Use
Committee (Approval no. 12-064E) at South Dakota State
University.
We assigned cause-specific mortality for all carcasses or

body parts (e.g., primary, secondary, and tail feathers, head,
wing, tarsi) found; we determined probable cause of death
based on injuries and proximity to turbines (Smallwood and
Thelander 2008). We used condition of carcasses to classify
each as occurring during spring migration (i.e., during the
Mar–Jun search season) or as having occurred during the
remaining part of the year (i.e., non-spring migration).

Figure 1. Study area including the Tatanka Wind Farm within Dickey and
McIntosh counties, North Dakota and McPherson County, South Dakota,
and the Edgeley-Kulm Wind Farm within LaMoure County, North
Dakota. Black circles denote wind turbines searched for bird and bat
carcasses in 2013 and 2014 and gray circles turbines not searched in 2013
and 2014.

738 The Journal of Wildlife Management � 80(4)



Additionally, we classified all carcasses as either small-bodied
or large-bodied (i.e., <38 cm body length or �38 cm body
length, respectively) because size can influence detection
probability of the carcass (Smallwood and Thelander 2008).
Potential injuries associated with wind turbine collision
included severed or twisted torso, decapitation, severed
wing(s), tail, or leg(s), and other forms of blunt trauma
(Smallwood and Thelander 2008). We attributed predation
to carcasses with feathers plucked and scattered. We
estimated number of days since death by assessing carcass
decomposition and date of previous site visit (Smallwood and
Thelander 2008).
We evaluated observer detection bias by placing carcasses of

salvaged birds randomly in turbine search plots. We used 26
species of birds (both small- and large-bodied) for detection
trials and used birds that were obtained via USFWS
collection, individuals found and collected during a previous
turbine search, trapped (i.e., European starling [Sturnus
vulgaris]), or raised domestically (rock pigeon [Columba
livia]). Each week, we placed 8–12 bird carcasses in plots
scheduled to be searched within 7 days. We used a double-
blind approach where the location and number of carcasses
placed in each plot varied and was unknown to searchers
(Higgins et al. 2007). We then calculated search detection
rates for non-raptors classified as small-bodied or large-
bodied (Smallwood 2007, Smallwood and Thelander 2008).
We estimated overall fatality rates and species-specific

fatality rates yearly at each wind facility. We estimated
adjusted mortality using the following equation: Ma¼
Mu/D, where Mu is unadjusted mortality expressed as the
number of fatalities/wind turbine/period or number of
fatalities/MW of rated wind power capacity per period, and
D is the overall detection probability determined by searcher
detection trials (K. Smallwood, Independent Environmental
Services Professional, personal communication). We calcu-
lated the standard error, (SE[Ma]), using the delta method
(Smallwood and Thelander 2008):

SE Ma½ � ¼ 1=D� SE Mu½ �ð Þ2 þ Mu � 1=D2 � SE D½ �� �2h i1=2

Wemade no adjustment for backgroundmortality (caused by
factors independent of wind turbines and associated
infrastructure), which is typically small (Smallwood and
Thelander 2008). Additionally, we did not adjust for
crippling bias, search radius bias, or carcass removal by
maintenance personnel. Consequently, our adjusted esti-
mates of mortality are likely conservative (Smallwood and
Thelander 2008).
We conducted scavenging trials by placing small- and

large-bodied carcasses randomly at turbines. We obtained
fresh (�1 day old) carcasses from our turbine searches and
from the USFWS. We monitored each carcass by placing a
Moultrie M-880 low glow infrared motion-triggered game
camera (Moultire, Birmingham, AL) placed on stakes
1.5–3.0m from the carcass and monitored each carcass at
least once/day for 21 days. We recorded date and time and
condition of carcass. We used the novel scavenger removal
method to estimate the cumulative proportion of carcasses

remaining since the last fatality search (Smallwood et al.
2010).

RESULTS

We completed 2,398 turbine searches and found 141 bird
and bat fatalities. We excluded 49 carcasses from mortality
estimates because they were identified as non-turbine related
(n¼ 3; i.e., predation of a hen on nest) or non-spring
migration (n¼ 46; e.g., outside of Mar–Jun, often found as
snow melted) mortalities (Table 1). We used 52 carcasses for
the 2013 data analysis and 40 carcasses for the 2014 data
analysis; mortalities remained relatively constant throughout
the field season (Fig. 2). We found carcasses ranging from
4m to 72m (�x¼ 35.12, SE¼ 1.83) from turbines (Table 2).
Carcasses included in analyses were comprised of 33 species
and included 56 (61.0%) waterfowl, 20 (21.7%) passerines,
5 (5.4%) waterbirds, 5 (5.4%) upland game birds, 4 (4.3%)
shorebirds, and 2 (2.2%) bats (Tables 3 and 4). Forty-eight
(52%) carcasses were intact, 25 (27%) were considered
scavenged, and 19 (21%) were dismembered. Land cover in
the 1,600-m buffer was dominated by cropland at EKWF
and grass/pasture at TAWF (Table 5). Between 2013 and
2014, land use changes were minimal around turbines; at
TAWF, hay/alfalfa decreased 1% and cropland increased 1%.
Remaining land cover percentages were unchanged between
years at both farms.
Overall detection rates, including both years and both size

classes, were 47% (SE¼ 0.05) at TAWF and 37% (SE
¼ 0.07) at EFWF. Large bird detection rates for both wind
facilities were 70% (SE¼ 0.10) and 65% (SE¼ 0.07) in
2013 and 2014, respectively. Small bird detection rates
were 22% (SE¼ 0.10) in 2013 and 25% (SE¼ 0.06) in 2014.
For both sites over both years, the average large bird
(>38 cm) detection rate was 67% (SE¼ 0.06), whereas the
average small bird (<38 cm) detection rate was 24%
(SE¼ 0.05). We conducted 76 scavenging trials and mean
number of days for first scavenging for small- and large-
bodied carcasses differed (t74¼ 2.27, P¼ 0.03) and was 9.4
(SE¼ 1.15, n¼ 31) and 13.1 (SE¼ 1.08, n¼ 45) days,
respectively. Number of days for first scavenging ranged from
3 to 21 days and approximately 65% of scavengers were
mammalian; the remaining 35% of documented scavengers
were avian.
Unadjusted mortality extrapolated to unsearched turbines

for 2013 and 2014 spring mortality at TAWF was 84 and
87 individuals, respectively, and 39 and 21 individuals,
respectively, at EKWF. After adjusting for detection rates,
we estimated spring mortality at TAWF at 303 (95%
CI¼ 0–645) individuals in 2013 and 171 (95% CI¼ 73–
269) individuals in 2014. Adjusted estimates for the EKWF
were 62 (95% CI¼ 4–120) individuals in 2013 and 52 (95%
CI¼ 0–110) individuals in 2014. We estimated fatality rates
during our sampling period as 1.86 (SE¼ 0.22) deaths/MW
at TAWF and 2.55 (SE¼ 0.51) deaths/MW at EKWF.
Rates did not differ among turbines searched daily and those
searched every other (or third) day; therefore, we did not
adjust for scavenging because the lower range for scavenging
was equal or greater than our search interval. Fatality rates
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(deaths/MW) between the farms did not differ in either year
(SEs overlapped), even though TAWF was predominantly
grassland and EKWF was row-crop agriculture (Table 5).
However, birds of 30 species were found at TAWF, whereas
birds of 9 species were found at EKWF. Anseriformes and
Passeriformes were the orders with the greatest mortalities
(Tables 3 and 4). Mallard (Anas platyrhynchos), northern
pintail (A. acuta), and redhead (Aythya americana) were the
species most commonly found and approximately 60% of
waterfowl mortality was male.
Because a majority (56 of 92 fatalities) of our carcasses were

waterfowl (Family: Anatidae), we calculated unadjusted
and adjusted mortality of waterfowl at each wind facility.
After combining large-bird detection rates for both years
at each wind facility, we estimated unadjusted spring
waterfowl mortality at 0.55 (SE¼ 0.06) deaths/MW at
TAWF and 0.51 (SE¼ 0.10) deaths/MW at EKWF.
Adjusted spring waterfowl fatality rates were 0.79 (SE¼

0.11) deaths/MW at TAWF and 0.91 (SE¼ 0.27) deaths/
MW at EKWF.

DISCUSSION

Fargione et al. (2012) suggested that siting wind energy
developments on disturbed lands, which are seemingly low in
wildlife value, rather than in large, intact natural habitats,
may reduce impacts to wildlife. Although our study
documented no difference in fatality rates between a wind
facility situated in intact grassland and one in agricultural
lands, the diversity of species killed at the wind facility
located in grasslands was >3 times higher than that located
in agricultural fields. Most (67%) of the species found at
EKWFwere waterfowl, which are locally abundant in almost
every habitat because of the density of wetlands that provide
migration stopover points and breeding and brooding
habitats (Loesch et al. 2013, USFWS 2014). Although
many dabbling ducks (e.g., mallard, northern pintail,

Table 1. All carcasses found during mortality searches at the Tatanka Wind Farm in McPherson County, South Dakota and Dickey County, North Dakota,
and the Edgeley-Kulm Wind Farm in LaMoure County, North Dakota, USA, 2013–2014. Spring mortalities occurred March–June and non-spring
mortalities occurred July–February.

Species Scientific name
No. of spring

turbine mortalities
No. non-spring

turbine mortalities
Predation of
female on nest Total

Canada goose Branta canadensis 9 9
Mallard Anas platyrhynchos 39 9 1 49
Gadwall A. strepera 2 2 4
Green-winged teal A. crecca 1 1
Northern pintail A. acuta 7 4 11
Northern shoveler A. clypeata 1 1
Blue-winged teal A. discors 2 3 2 7
Redhead Aythya americana 5 2 7
Anatidae spp. 2 2
Ring-necked pheasant Phasianus colchicus 3 1 4
Sharp-tailed grouse Tympanuchus phasianellus 2 1 3
Eared grebe Podiceps nigricollis 1 1
American white pelican Pelecanus erythrorhynchos 1 3 4
Swainson’s hawk Buteo swainsoni 1 1
Red-tailed hawk B. jamaicensis 1 1
Buteo spp. 1 1
Sora Porzana carolina 1 1
Virginia rail Rallus limicola 1 1
American coot Fulica americana 1 1 2
Upland sandpiper Bartramia longicauda 2 2
Wilson’s snipe Gallinago delicata 2 1 3
Eastern wood-pewee Contopus virens 1 1
Red-eyed vireo Vireo gilvus 1 1
Warbling vireo V. olivaceus 1 1
Tree swallow Tachycineta bicolor 1 1
Barn swallow Hirundo rustica 2 2
Brown creeper Certhia americana 1 1
Swainson’s thrush Catharus ustulatus 1 1
European starling Sturnus vulgaris 2 2
Snow bunting Plectrophenax nivalis 2 2
American tree sparrow Spizella arborea 1 1 2
Savannah sparrow Passerculus sandwichensis 1 1
Le Conte’s sparrow Ammodramus leconteii 1 1
Song sparrow Melospiza melodia 1 1
Dark-eyed junco Junco hyemalis 1 1
Western meadowlark Sternella neglecta 1 1
Red-winged blackbird Agelaius phoeniceus 1 1
Common grackle Quiscalus quicula 1 1
Brown-headed cowbird Molothrus ater 1 1
Unknown bird spp. 2 2
Silver-haired bat Lasionycteris noctivagans 2 2
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northern shoveler [Anas clypeata], blue-winged teal
[A. discors], and gadwall [A. strepera]) use cropland for
nesting cover, especially in areas with high wetland densities,
both overall abundance and reproductive success is lower in
cropland landscapes than in grasslands (Higgins 1977, Boyd
1985, Bethke and Nudds 1995, Greenwood et al. 1995,
Drever et al. 2007). Thus, siting wind energy facilities
outside grassland areas that are considered important for
waterfowl breeding may reduce turbine-related waterfowl
mortality. Coincidentally, avoiding areas with high water-
fowl breeding densities, based on USFWS Habitat and
Population Evaluation Team data, also may reduce overall
mortality because these areas represent critical habitat for
many other species of wetland-dependent birds (Reynolds
et al. 2006, Niemuth et al. 2008, Fargione et al. 2012).
We estimated the fatality rates for all species found during

searches, but many of those estimates are imprecise. The
lower bound seasonal mortality estimate for most species was
0, typically because of low detection rates. Lack of precision is

common among many wind energy mortality studies with
searcher detection rates varying upwards from 0.11 (Small-
wood 2013). Additionally, our search goal of 20 turbines
daily with only a 2-person search team may have added to
difficulties finding small-bodied birds.
We were unable to attribute detected avian mortality to

resident or migrant populations and thus, could not establish
an effect on local or regional populations for 2 reasons. First,
our estimates excluded those individuals killed by vehicular-
collision, power lines, barbed-wire fences, predation, or those
killed outside of the spring migratory period; although we
did record these carcasses separately. And second, many of
the species recovered both migrate through and nest in the
study area. Classifying these carcasses as either a migrant or a
resident would have been speculation at best.
Our estimated fatality rates for most species were low; yet,

many migratory bird populations are declining (North
American Bird Conservation Initiative 2014), and additional
sources of mortality, such as wind energy, may be of concern.

Figure 2. Weekly and cumulative wind energy related-mortalities in spring for birds and bats in 2013 (A) and 2014 (B) at the Tatanka Wind Farm (TAWF)
in McPherson County, South Dakota and Dickey County, North Dakota, and the Edgeley-Kulm Wind Farm (EKWF) in LaMoure County, North
Dakota, USA.
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Our fatality rate estimates for just our sampling period
(a 13-week span) are similar to full-year estimates at other
wind facilities in the United States (Johnson et al. 2002,
Erickson et al. 2005, Smallwood and Thelander 2008).
However, fatality rates at multiple phases of construction
ranged from 2.86 deaths/MW/year to 5.93 deaths/MW/year
at Buffalo Ridge, Minnesota (Johnson et al. 2002).
Comparatively, estimates from the Altamont Pass Wind
Resource Area for 3 sets of turbines were 2.28, 1.51, and 1.82
deaths/MW/year (Smallwood and Thelander 2008). We

likely underestimated bat mortality at TAWF and EKWF
(Bicknell and Gillam 2013) because 90% of bat fatalities
occur between July and September (Erickson et al. 2002,
Kuvlesky et al. 2007), a period outside the sampling frame for
our study. Collision risk also can vary seasonally, thus
influencing species-specific mortality estimates (Kuvlesky
et al. 2007). We recognize our results do not reflect turbine-
mortality for all species in our area throughout the year.
We did not find carcasses of any federally threatened or

endangered species during our study; however, 5 listed or
candidate migratory birds (whooping crane [Grus americana],
least tern [Sterna antillarum], piping plover [Charadrius
melodus], red knot [Calidris canutus rufa], and Sprague’s pipit)
and 1 threatened bat (northern long-eared bat [Myotis
septentrionalis]) migrate through or breed within the
Missouri Coteau (USFWS 2015). Other species are
considered regional conservation priorities, particularly
wetland and grassland species that are experiencing habitat
loss and fragmentation due to grassland conversion for
production agriculture (Wright andWimberly 2013) and tile
drainage (Stodola et al. 2014). We categorized species of
concern for our region as those referenced in North Dakota’s
100 Species of Conservation Priority (Hagen et al. 2005);
South Dakota’s Heritage Species, Priority Species listed in

Table 2. Distances carcasses were found from turbines at the Tatanka
Wind Farm in McPherson County, South Dakota and Dickey County,
North Dakota, and the Edgeley-Kulm Wind Farm in LaMoure County,
North Dakota, USA, 2013–2014.

Distance from turbine (m) No. carcasses % of carcasses

0–10 8 9
11–20 17 18
21–30 11 12
31–40 18 20
41–50 18 20
51–60 14 15
61–70 5 5
>70 1 1

Table 3. Spring (Mar–Jun) turbine-strike species found during mortality searches at the Tatanka Wind Farm in McPherson County, South Dakota and
Dickey County, North Dakota, USA, 2013–2014, including number of carcasses found for each species, estimated mortalities based on searcher detection
rates, and the 80% confidence interval for those estimates.

Tatanka

2013 2014

Species Scientific name Found Estimated 80% CI Found Estimated 80% CI

Gadwall Anas strepera 1 3 0–7a 1 4 0–9a

Mallard A. platyrhynchos 12 40 24–56 15 55 38–72
Blue-winged teal A. discors 2 7 0–14
Northern pintail A. acuta 4 14 5–23 3 11 3–19
Green-winged teal A. crecca 1 4 0–9a

Redhead Aythya americana 2 7 1–13 2 7 0–14
Ring-necked pheasant Phasianus colchicus 1 3 0–7a

Sharp-tailed grouse Tympanuchus phasianellus 2 7 1–13
Eared grebe Podiceps nigricollis 1 10 0–23a

American white pelican Pelecanus erythrorhynchos 1 3 0–7a

Virginia rail Rallus limicola 1 16 0–41a

Sora Porzana carolina 1 16 0–41a

American coot Fulica americana 1 4 0–9a

Upland sandpiper Bartramia longicauda 2 20 1–39
Eastern wood-pewee Contopus virens 1 10 0–23a

Warbling vireo Vireo gilvus 1 10 0–23a

Red-eyed vireo V. olivaceus 1 16 0–41a

Tree swallow Tachycineta bicolor 1 16 0–41a

Barn swallow Hirundo rustica 2 32 3–61
Brown creeper Certhia americana 1 16 0–41a

Swainson’s thrush Catharus ustulatus 1 16 0–41a

European starling Sturnus vulgaris 1 16 0–41a

Snow bunting Plectrophenax nivalis 1 16 0–41a

American tree sparrow Spizella arborea 1 10 0–23a

Savannah sparrow Passerculus sandwichensis 1 10 0–23a

Song sparrow Melospiza melodia 1 16 0–41a

Dark-eyed junco Junco hyemalis 1 16 0–41a

Western meadowlark Sternella neglecta 1 10 0–23a

Common grackle Quiscalus quicula 1 16 0–41a

Silver-haired bat Lasionycteris noctivagans 1 16 0–41a

a Indicates negative lower confidence interval value truncated to 0.
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the All Bird Conservation Plan, and Species of Greatest
Conservation Need listed in the South Dakota Wildlife
Action Plan (South Dakota Game, Fish and Parks 2014);
and the USFWS Birds of Conservation Concern (USFWS
2008a) and Birds of Management Concern (USFWS 2011).
Overall, we found 14 species of conservation priority as
mortalities at wind turbines during our spring study,
including the American white pelican (Pelecanus erythro-
rhynchos), upland sandpiper (Bartramia longicauda), northern
pintail, redhead, sharp-tailed grouse (Tympanuchus phasia-
nellus), Le Conte’s sparrow (Ammodramus leconteii), brown
creeper (Certhia americana), silver-haired bat (Lasionycteris
noctivagans), eared grebe (Podiceps nigricollis), eastern wood-
pewee (Contopus virens), American tree sparrow (Spizella
arborea), savannah sparrow (Passerculus sandwichensi), dark-
eyed junco (Junco hyemalis), and western meadowlark
(Sternella neglecta). Of these, 3 species were found at
EKWF and 13 were found at TAWF, consistent with the
idea that many bird species of conservation concern are less
abundant and may experience less turbine mortality at sites
where turbines are placed within pre-existing land distur-
bance (e.g., agricultural fields; Fletcher et al. 2011, Fargione
et al. 2012).
Many of the species we reported as turbine-mortalities,

such as the mallard and barn swallow (Hirundo rustica), were
not included in the above state and federal lists but remain
protected under the Migratory Bird Treaty Act (USFWS
2013). Most of the species we reported were found as turbine
mortalities at other facilities nationwide (Johnson et al. 2002,

Smallwood and Thelander 2008). Additional wind facilities
constructed in the NGP, PPR, and elsewhere may have an
increased effect on these populations. In 2014, 822 new
turbines were proposed for construction in the 4-county area
surrounding our study sites (USFWS, unpublished data).
Assuming fatality rates comparable to our results, we
estimate that an additional 2,290 deaths would occur
in the 4-county area during the spring migration period
(Mar–Jun). These additional turbines have the potential to
affect species we documented as susceptible to turbine-
strikes and enhance the risk of mortality to threatened and
endangered species in the region. Any wind turbines sited in
bird migration corridors and the fatalities associated with
them remain a justifiable concern (Erickson et al. 2005,
Kuvlesky et al. 2007).

MANAGEMENT IMPLICATIONS

Despite low precision in mortality estimates, our fatality
counts and associated mortality estimates indicate that wind
energy operations on the NGP and in the PPR have the
potential to negatively affect many avian species. Although
fatality rates for a cropland-dominated and a grassland-
dominated wind facility were similar, more species of
concern were found at the fatality with the majority of
turbines located in grassland habitats. Future siting of wind
facilities focused on pre-existing disturbed land, such as
cropland, at the turbine-site scale may help to reduce avian
mortality. Our results suggest involved parties consider siting
future wind energy facilities in cropland landscapes with
wind-energy resources (�6.5m/s average annual wind speed
at an 80-m height; DOE 2015) in areas with low densities of
nesting ducks (<25 breeding pairs per square mile; USFWS
2008b). Because important upland duck nesting habitats
often coincide with critical habitats for other grassland-
dependent species, the use of these areas also may reduce
overall mortality.
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