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David O’Neill
Chief Conservation Officer
Audubon

When National Audubon Society launched our
study of grassland habitats and birds, we already
knew that both the birds and the grasslands were
in trouble. Our analysis confirmed this peril: only
11% of the tallgrass prairie, 24% of the mixed grass
prairie, and 54% of the shortgrass prairie that
once covered much of the continent remains.
Furthermore, grassland conversion continues at

a rate of millions of acres per year. Given these
habitat conversion rates, it is not surprising that
grassland birds are among the most vulnerable in
North America. Total populations have declined
more than 40% since 1966, and some species, like
the Lesser Prairie-Chicken, hover at the brink of
extinction. The message is stark: we must act
now to protect and restore these remaining
grasslands before they are lost.

The grassland story and the need for action

does not end there. Audubon also assessed the
vulnerability of representative grassland birds and
their habitat to warming global temperatures. Our
findings make it clear that in addition to protecting
remaining grasslands, we must also advance solu-
tions that reduce carbon emissions, and prioritize
and direct resources and other investments to the
places that will support grassland birds and other
wildlife into the future.

Here is the good news: Audubon’s North Ameri-
can Grasslands and Birds Report identifies the
birds most vulnerable to climate change, and
the places, or “climate strongholds,” they will
need to thrive as temperaturesrise. It also points

Baird's Sparrow

us to the sites most vulnerable to land conversion
today, and highlights the specific conservation
strategies that are part of Audubon’s ambitious
effort to protect grassland birds and prairies.

By partnering with key stakeholders in this work-
ing landscape, including farmers and ranchers,
public agencies, and other stakeholders, we are
finding balanced solutions that meet the needs

of both birds and people. No one has a closer
connection to the land than those who depend

on its fertile soil, pollinating insects, or productive
grazing lands for their livelihood. It is a way of liv-
ing that forges a deep commitment to stewardship
and to doing right by the environment. Growing
up, | learned that first-hand from my father. | saw
him and his fellow farmers in Maryland move from
skepticism to enthusiastic adoption of a range

of agricultural best management practices that
improved soil quality, reduced labor and fuel
costs, and improved water quality. The farming
community where | grew up gained the knowl-
edge that working with, and not against, nature is
good for business and the environment.

Today, 65 ranches encompassing nearly two
million acres are participating in Audubon’s Con-
servation Ranching Initiative. They do not need to
choose between economic prosperity and envi-
ronmental stewardship. By adopting bird-friendly
ranching practices, they are raising cattle in a
way that both minimizes environmental impacts
and also supports premium pricing for their beef.
This initiative is gaining momentum throughout

North American Grasslands and Birds Report | 2019 | 4



Western Meadowlark

FOREWORD

the Great Plains and Intermountain West, with
more acres of ranchlands in the pipeline. These
practices have the added benefit of sequestering
carbon, which may create additional market-based
incentives for ranchers who apply bird-friendly
ranching practices.

We are also mobilizing our network of Audubon
advocates throughout the U.S. on behalf of poli-
cies that benefit farmers and ranchers, as well as
grassland habitats and birds. We are making sure
that legislation like the federal Farm Bill includes
incentives for conservation—and helping bring
together government agencies, private interests,
tribes, non-governmental organizations, and
others to collaborate around large-scale solutions
that balance economic and ecological interests.

North American Grasslands and Birds Report | 2019

Despite their critical importance to economic
growth, rural economies, and food security—as
well as to birds and other wildlife—prairies and
grasslands are a largely forgotten and misunder-
stood landscape. Through this report, Audubon is
sounding an urgent alarm, and empowering and
inspiring our network, our partners, and all who
love birds to act now on behalf of grasslands and
the birds, other wildlife, and communities that
depend on them.

David O’Neill
Chief Conservation Officer
Audubon
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THE STATE OF NORTH AMERICAN GRASSLANDS AND BIRDS

A D IVGI’SQ La ndsca pe expansive plains) and climate are the primary driv-

ers of native grasslands in the Great Plains region.
The three primary types of grasslands, known

“Th lai . d / ti f elati f more commonly as prairies, include tallgrass
€ plain gives man new and novel sensations or elation, o prairie, mixed prairie, and shortgrass prairie. The

vastness, of romance, of awe, and often nauseating loneliness.” | istribution of these grasslands reflects a moisture

- Walter Prescott Webb, The Great Plains (1931) gradient from east to west (spanning a range of
approximately 10 to 50 inches of precipitation per
year; USGS 2017), with tallgrass prairie occurring
in the wettest, mixed grass prairie in the inter-
mediate, and shortgrass prairie occurring in the
driest region. In addition, somewhat unpredictable
droughts drive prairie composition and are more
frequent in the shortgrass prairie and decrease in
occurrence going east (Samson et al. 2004).

Vast, expansive grasslands once spread across
central North America, appearing almost monot-
onous (Weaver 1968). These grasslands extended
from southern Canada to northern Mexico, an area
known as the Great Plains, and comprised the
largest grassland region in North America (Fig.
1.1). Grasslands are herbaceous and grass-domi-
nated landscapes with less than 10% cover from Prior to European settlement, the primary ecolog-
trees (Dixon et al. 2014). Topography (i.e., flat ical drivers on the prairies were disturbance from

Valley & '
Foothill@ ;
Grasslands .

\

California
Grasslands _a
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Figure 1.1. Historic grassland
types of North America based
on mapping data from the
International Vegetation
Classification and Terrestrial
Ecoregions of the World.

A grassland is defined as
grass-dominated and having
less than 10% tree cover.
(Dixon et al. 2014).

" Western Gulf
Grasslands

—~
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THE STATE OF NORTH AMERICAN GRASSLANDS AND BIRDS

grazing by large herbivores and drought, with nat-
ural fire also occurring in tall and mixed grass prai-
ries (Nelson et al. 2006). Historically, bison moved
nomadically throughout the Great Plains searching
for the best forage, resulting in rest intervals of
1to 8 years before being grazed again, allowing
grasses plenty of time to recover (Knapp et al.
1999, Samson et al. 2004). Fire was a critical com-
ponent of the prairie’s natural disturbance regime
and provided unique benefits; such as reducing
aboveground biomass, releasing previously immo-
bilized nutrients (Collins 2000), enhancing soil
microbial activity (Ojima et al. 1994), and reduc-
ing woody and weedy species (Brockway et al.
2002). Fire-adapted prairie grasses have growing
tissues at the bottom of the plant rather than the
top, as forbs and woody plants do, and thus are
much more resilient to burning (Reinking 2005).
Vast root systems provide native prairie forbs

the ability to survive and thrive after fire events.
The interaction of fire and grazing also helped to
promote a mosaic of plant communities as bison
preferred to graze recently-burned patches due
to their high-quality new growth, which allowed
dead plant material to accumulate on unburned
patches (Anderson 2006). The fuel-rich patches
then burned, continuing the cycle and creating

a mosaicked landscape (Fuhlendorf and Engle
2001). Thus, the Great Plains, despite its seeming
homogeneity, was actually a dynamic landscape
dependent on disturbance to maintain a diverse
and resilient ecological community.

Tallgrass

Tallgrass prairie extended historically from
southeastern Manitoba to southeastern Texas, and
east through Indiana (Fig. 1.1; Askins et al. 2007),
covering an area of 200 million acres (Dixon et al.
2014). As much as 98% of historic tallgrass prairie
has been lost (Comer et al. 2018) as the region is
particularly fertile and arable, and land-use con-
version continues today (Lark et al. 2015).

Climate and fire are the primary ecological drivers
in tallgrass prairie. Annual precipitation is around
40 to 50 inches per year (USGS 2017), with large
summer thunderstorms (ranging from 1to 10 thun-
derstorm days per year) interrupting extended dry
periods (Changnon et al. 2002). Fire historically
burned every 2 to 5 years (Abrams 1985, Collins
2000).

Tallgrass prairies have a rich floristic diversity,
comprising over 500 species (NPS 2017) of grass,
forb (wildflower), and sedges. Some species grow

Henslow’s Sparrow

Did you know?

B All Seaszons - Common
All Seasons - Uncommon

B Breeding - Common
Breeding - Uncommon

B Winter - Common
Winter - Uncommon
Migration - Common

Migration - Uncommon

Perhaps no species of bird exemplifies tallgrass prairies better than the

Henslow’s Sparrow. Though it’s been the focus of many conservation
efforts, it is remarkably inconspicuous and delivers a song that is “least impressive” and described as
a “feeble hiccup.” The Henslow’s Sparrow has shown significant declines over the past few decades.
Its tallgrass habitat has almost been entirely converted to row crops, hay fields, and forage crops.

On top of that, the Henslow’s Sparrow has been shown by our new climate assessment to be highly
vulnerable to the effects of climate change in summer, meaning it is projected to experience a great
proportion of range loss with very little future expansion.
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THE STATE OF NORTH AMERICAN GRASSLANDS AND BIRDS

six to more than eight feet tall (NPS 2017). The
“big four” grasses are big bluestem (Andropogon
gerardi), little bluestem (Schizachyrium scoparius),
Indiangrass (Sorghastrum nutans), and switch-
grass (Panicum virgatum; Reinking 2005, NPS
2017). A large diversity of wildflower species are
also found, including purple coneflower (Echi-
nacea sp.), prairie blazing star (Liatris punctata),
sunflowers (Helianthus sp.), aromatic aster (Aster
oblongifolius), and button blazing star (Liatris
aspera; NPS 2017).

Some of the most iconic grassland bird obligates
associated with native tallgrass are Greater
Prairie-Chicken (Tympanuchus cupido), Henslow’s
Sparrow (Ammodramus henslowii; Reinking
2005), and Short-eared Owl (Asio flammeus;
Askins 2007). Bobolink (Dolichonyx oryzivorus)
formerly nested in tall and mixed grass prairies,
but displays more flexibility than the other species
across the spectrum of prairie types (Renfrew et
al. 2015). Tallgrass prairie birds subsist primarily
on the insects and seeds, and in the owl’s case,
rodents, and nest among dense vegetation on the
ground. All of these species have negative popu-
lation trends or are of high conservation concern
(Table 1.1).

Mixed Grass

Mixed grass prairie occurs in the transition
between short and tallgrass prairies, with grasses
of intermediate height being predominant (Askins
et al. 2007). Historically, mixed grass prairie
covered an area of 140 million acres (Fig. 1.1; Dixon
et al. 2014), but approximately 76% has been
converted (Comer et al 2018). Less wet than the
tallgrass prairie, the climate of the mixed grass
prairie is characterized by occasional rains, high
temperatures, relatively low humidity, and high
winds (Albertson 1937). Mean temperatures range
from below zero degrees Fahrenheit in winter

to over 100 °F in summer (Albertson 1937). The
primary ecological driver that kept mixed grass
prairies grass-dominated was the variability in and
general lack of precipitation (Askins et al. 2007).
Secondarily, intermittent grazing by bison (Bison
bison), pronghorn (Antilocapra americana), elk
(Cervus canadensis), hares/rabbits, Richardson’s
ground squirrels (Spermophilus richardsonii), and
black-tailed prairie dogs (Cynomys ludovicianus),

and periodic fire also contributed to sustaining
mixed grass prairie (Askins et al. 2007). Fires were
smaller and less frequent than in tallgrass prairies,
occurring on average every six years in wetter
areas and up to every 26 years in drier areas
(Askins et al. 2007).

The mixed grass prairie contains the floral and
faunal biodiversity of both tallgrass and shortgrass
prairies. Common grass species are little bluestem
(Schizachyrium scoparius), big bluestem (Andro-
pogon gerardi), and wire grass (Aristida purpurea;
Albertson 1937). Birds of this region sometimes
forage in short grasses while hiding their nests in
dense vegetation. Iconic birds of the mixed prairie
are the Baird’s Sparrow (Ammodramus bairdii),
Sprague’s Pipit (Anthus spragueii), Upland Sand-
piper (Bartramia longicauda), Dickcissel (Spiza
americana), Grasshopper Sparrow (Ammodramus
savannarum), and Bobolink. All of these species
except for the Upland Sandpiper have negative
population trends (Sauer et al. 2013; Table 1.1),
while the Upland Sandpiper populations began
increasing recently (Sauer et al. 2013).

Shortgrass

Shortgrass prairie covered historically an area
of 265 million acres (Fig. 1.1; Dixon et al. 2014).
Approximately 46% of its historic area has been
lost (Comer et al. 2018). Drought and grazing
were key ecological drivers of shortgrass prairie.
The most important herbivore was black-tailed
prairie dogs, followed by bison and elk (Askins
et al. 2007). Unlike its effect on tall and mixed
grass prairies, fire is not a prominent driver for
the shortgrass prairie. Endemic shortgrass prairie
species include blue grama (Bouteloua gracilis)
and buffalo grass (Bouteloua dactyloides), which
are highly tolerant of drought and maintain 90%
of their biomass below ground in root systems
(Askins et al. 2007). Black-tailed prairie dogs
existed historically in large colonies and clipped
tall vegetation to maintain clear views (Askins

et al. 2007). Their burrows also provide nesting
habitat for Burrowing Owls (Athene cunicularia).
Extensive prairie dog eradication has been asso-
ciated with taller vegetation and expansion of
non-native grasses (Copeland et al. 2011).

Birds of the shortgrass prairie tend to have habitat
requirements that are quite different from those

North American Grasslands and Birds Report | 2019 | 9
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that persist in the mixed and tallgrass prairies.
They forage in much more open areas and often
nest directly on the ground. Iconic birds of the
shortgrass prairie include Chestnut-collared
Longspur (Calcarius ornatus), McCown’s Longspur
(Rhynchophanes mccownii), Mountain Plover
(Charadrius montanus; Askins et al. 2007), Lark
Bunting (Calamospiza melanocorys), Horned Lark
(Eremophila alpestris), Loggerhead Shrike (Lanius
ludovicianus,; Rosenberg et al. 2016), and Western
Meadowlark (Sturnella neglecta). All of these spe-
cies have shown substantial population declines
since 1966 (Sauer et al. 2013).

Chihuahuan Grasslands

Set apart from the three grassland types of the
Great Plains in its climate patterns and geologic
history, the Chihuahuan grasslands are a region
of desert grasslands in northern central Mexico,
southern New Mexico, and southern Arizona (Fig.
1.1; Askins et al. 2007, Dixon et al. 2014). These
grasslands appeared as recently as 9,000 years
ago, replacing mesquite shrublands (Cotera et al.
2004). Despite being a desert, the Chihuahuan

Desert is wetter than other warm deserts of the
world, averaging 9 inches of rainfall per year fall-
ing primarily in summer (Dinerstein et al. 2000).
Ecological drivers included drought, grazing, and
fire, with a fires occurring every 7 to 10 years
(Askins et al. 2007). Bison, pronghorn antelope
(Antilocapra americana), black-tailed prairie dogs
(Cynomys ludovicianus) and Mexican prairie dogs
(C. mexicanus) also helped to maintain grasslands
by clipping mesquite and other shrubs to maintain
an unobstructed view (Askins et al. 2007).

Grasslands comprised approximately 20% of the
Chihuahuan Desert region historically (Dinerstein
et al. 2000), or around 34.5 million acres (Cotera
et al. 2004). Approximately 43% of the Chihua-
huan grasslands has been lost (Comer et al. 2018).
Fire limited shrub cover; however, fire suppression
has resulted in grassland loss in recent decades
due to shrub encroachment (Dinerstein et al. 2000).

The flora of the region is comprised of mostly
desert species. Native grasses include side-oats
grama (Bouteloua curtipendula), black grama
(Bouteloua eriopoda), purple three-awn (Aristida

Bobolink

Did you know?

B All Seasons - Common
All Seasons - Uncommon

B Breeding - Common
Breeding - Uncommon

B Wwinter - Common
Winter - Uncommon
Migration - Common

Migration - Uncommon

Bobolinks are in the blackbirds and orioles family, despite their similar

appearances to sparrows. The male Bobolink has a striking black plumage
with a yellow nape that he flaunts in a few different courtship displays. The species’ name comes
from the bubbling, tinkling song the male makes while fluttering over meadows and hayfields.
Originally, their prime breeding habitat was damp meadows and natural prairies with dense growth
of grass and weeds and a few low bushes. Such habitats are still favored but hard to find, and today
most Bobolinks in eastern United States nest in hayfields. Bobolink is a priority bird for Audubon
and highly vulnerable to climate change, facing threats on several fronts simultaneously.
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purpurea), tobosa (Hilaria mutica), lechuguilla
(Agave lechuguilla), and big alkali sacaton
(Sporobolus wrightii; Cotera et al. 2004). Tarbush
(Florensia cernua), mesquite (Prosopis glandulosa),
acacia, and cacti are common shrubs of the region
(Cotera et al. 2004).

The Chihuahuan grasslands provide critical
over-wintering habitat for many birds that breed in
the northern grasslands, funneling millions of birds
into a relatively small area. Eighty-five percent

of the grassland-obligate bird species that breed
in the Northern Great Plains spend their winters

in the Chihuahuan grasslands, yet only 5% of the
Chihuahuan Desert remains as suitable wintering
habitat (Macias-Duarte et al. 2011). Grassland
species that winter here include Chestnut-collared
Longspur, McCown’s Longspur, Baird’s Sparrow,
Sprague’s Pipit, Horned Lark, Savannah Spar-

row, Grasshopper Sparrow, and Mountain Plover
(Askins et al. 2007, Rosenberg et al. 2016). Two
near-endemic species of the Chihuahuan grass-
lands are Botteri’s Sparrow (Peucaea botterii) and
Rufous-winged Sparrow (Peucaea carpalis; Askins
et al. 2007). Protection of this important over-
wintering ground is critical to the conservation of
North America’s grassland birds.

Other significant grasslands of North America

Though this report focuses on the Great Plains and
Chihuahuan grasslands, there are other significant
grassland regions in North America (Fig. 1.1). The
Western Gulf Coast grasslands of Louisiana and
Texas, comprised of marshes, bays, tallgrass
prairies, and live oak woodlands (Texas Parks &
Wildlife 2017), provide important habitat for birds.
The Edwards Plateau of Texas is an ecologically
unigue oak woodland/mesquite savannah
grassland that ranges in elevation from 100 to
3,000 feet above sea level (Texas Parks & Wildlife
2017). The Montana Valley and Foothill grasslands
is a biodiverse region along the Rocky Mountain
front (WWF 2018a). The Basin Desert steppe is
comprised of cold-tolerant shrub species such as
sagebrushes, saltbrushes, and winterfat (WWF
2018a). The Palouse grasslands, in the rain shadow
of the Cascade Cascade Mountains, were once
dominated by native bluebunch wheatgrass and
Idaho fescue, but are now more than 99%
converted (WWF 2018a). Formerly comprised of a
wide variety of perennial grasses, riparian forests,
vernal pools, wetlands, chaparral shrub, and open
oak woodlands, less than one percent of pre-set-
tlement California grasslands remain following
land use conversion (WWF 2018a).

Baird’s Sparrow

()

=

B All Seazons - Common

’@-— All Seasons - Uncommon
‘o m

Breeding - Common
Breeding - Uncommon
B winter - Common
Winter - Uncommon
Migration - Common

Migration - Uncommon

Did you kHOW? The Baird’s Sparrow was discovered by John James Audubon in 1843

and named for the young ornithologist Spencer Baird. The bird was then
not seen for almost 30 years. This kind of disappearing act seems appropriate for Baird's Sparrow,
which runs through the grass like a mouse, almost never perching up in the open. Though little is
known about this elusive bird, it winters in the Chihuahuan grasslands, favoring dense and expansive
grasslands with a minor shrub component. Both summer and winter habitat have been lost at drastic
rates, which is further compounded by climate change; the Baird’s Sparrow is highly vulnerable in
both summer and winter and may lose much of its range due to the effects of climate change alone.

North American Grasslands and Birds Report | 2019 | 1
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A Continental Resource

These diverse grassland landscapes also provide a
suite of ecosystem services of local, regional, and
continental significance. Ecosystem services are
benefits that people receive from natural ecosys-
tems (MEA, 2005). Grassland vegetation improves
water infiltration and reduces runoff (Kim et al.
2016, Wilsey et al. 2016, Wilcox et al. 2017). This
helps recharge aquifers critical for drinking water
and irrigated agriculture (Kim et al. 2016, Wilcox
et al. 2017), such as the Ogallala, that covers much
of the central grassland region. Grasslands also
filter agricultural runoff, reducing soil erosion and
concentrations of nitrogen and phosphorus
(Wilcox et al. 2017). These can have significant
downstream effects. For example, high nutrient
loads in agricultural runoff is a primary cause

of the Gulf Coast Hypoxic Zone (HTF 2015) a
~3,400-acre area off the coast of Louisiana with
low concentration of dissolved oxygen due an
ecological cascade set off by unusually high
nutrient levels. Conservation of intact grasslands
and restoration of grassland-wetland complexes,
particularly along rivers, tributaries and urban
corridors, could potentially prevent 1.7 trillion
gallons of surface runoff, 87 million pounds of total
phosphorus, and 427 million pounds of total
nitrogen (Flynn et al. 2017). Finally, the deep,
perennial root systems of grasslands sequester
carbon. Grasslands sequester carbon at rates
comparable to some forest types and their broad
continental extent implies a tremendous capacity
to sequester carbon (Chambers et al. 2016).
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A Landscape Under
Threat

There is little debate that grasslands are one of
the most imperiled ecosystems in North America
(Samson and Knopf 1994). Across the vast North
American landscape, 62% of tallgrass, mixed
grass, shortgrass, and Chihuahuan grasslands
have been lost. Conversion of grasslands in many
localized areas exceed 80% (Samson and Knopf
1994, Brennan and Kuvlesky 2005). Tallgrass
prairies in particular are most impacted, having
incurred an 89% loss (Comer et al. 2018) since the
1800s, exceeding old-growth forests in the Pacific
Northwest, temperate rainforests in British
Columbia and Alaska, and hardwood forests

in south-central United States (Samson and
Knopf 1994).

The biggest threat to tall and mixed grass prairies
is conversion to cropland agriculture, owing to
their suitability for crop production, and because
relatively little land set aside for conservation prior
to development (Vickery et al. 2000, Hoekstra et
al. 2004, Wimberley et al. 2018). Wholesale con-
version of grasslands began with the Homestead
Act of 1862, which allowed nearly 1.5 million peo-
ple to acquire nearly 200 million acres of land in
the Great Plains region (Samson et al. 2004). Most
of this land was converted to cropland, particularly
the wet, arable regions of the tallgrass prairies
(Samson et al. 2004). Agricultural conversion has
seen a slight uptick since the late 2000s. Crop-
land has expanded west into California, eastern
Washington, Montana (Yu and Lu 2017), eastern
Colorado, North and South Dakota (Stephens et
al. 2008, Wimberley et al. 2018), southern lowa
and northern Missouri, western Kansas, and the
Oklahoma and Texas panhandles (Lark et al. 2015).
Even the patches of prairie that remain are some-
times too small to support viable bird populations,
being fragmented and surrounded by low-quality
habitat (Wimberly et al. 2018).

Conversion is ongoing. Since 2009, an estimated
57.4 million acres of land has been converted

to cropland in the central Great Plains of the US
and Canada (WWF 2018b). More recently, 2.5
million acres were converted to cropland in 2016
and 1.7 million acres in 2017 across the Great
Plains (WWEF, 2018b). These new croplands are

typically less arable, marginal lands (Lark et al.
2015, Olimb and Robinson 2019). Because these
marginal lands are less productive, the costs of
recent conversions (e.g. loss of water filtration and
recharge; pollination; pest suppression; and plant,
animal, and microbial diversity) may actually be
high relative to the benefit of increased cropland
area (Lark et al. 2015, Olimb and Robinson 2019).
Furthermore, total grassland conversion is higher
than net grassland loss because some lands are
returned grassland. In the US, 5.7 million acres

of grasslands were converted, forming 77% of all
new croplands; however, only 3 million acres of
net cropland were added (Lark et al. 2015). Corn,
wheat, and soy made up 75% of the primary crops
added (Lark et al. 2015).

In the shortgrass prairies, energy development
and range management are also major threats
(Copeland et al. 2011). Wind energy development,
crop production for ethanol and other biofuels,
and shale oil and natural gas extraction are having
a prominent impact on North American grass-
lands in the west (Copeland et al. 2011). Wind
development in the Great Plains has accelerated,
leading to direct mortality of birds and bats, as
well as widespread habitat fragmentation due to
power infrastructure (Kreuter et al. 2016). “Energy
sprawl” results when a landscape is fragmented by
roads, wind towers, and transmission lines (Cope-
land et al. 2011), which adds challenges to nesting
and migrating wildlife. The Energy Independence
and Security Act of 2007 has also promoted the
expansion of ethanol refineries in the US, and
within 50 miles of refineries, 2.7 million acres of
central grasslands were converted to cropland
between 2008 and 2012, with a net loss of 1.6
million grassland acres (Table S4 & S6 in Wright
et al. 2017). Shale oil and gas extraction has also
resulted in water contamination in the Great Plains
(Kreuter et al. 2016).

Other threats across North America’s grasslands
include replacement of native grasses with non-
natives (McGranahan et al. 2012), fire suppression
(Fedy et al. 2018), intensive incompatible grazing
(Briggs et al. 2005), urbanization (Cook et al.2015,
Fedy et al. 2018), as well as the declining water
availability and increased drought (Cook et al.2015).
The Great Plains are a difficult landscape to con-
serve, yet the failure to do so has manifested in the
decline of many bird species (Table 1.1; Fig. 1.2).
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this time, which was the second steepest
decline, following aerial insectivores (six
species of swallows and nighthawks) at a
40% decline (Stanton et al. 2018). The North
American Bird Conservation Initiative doc-
umented a >40% decline since 1966 among
24 grassland species (NABCI 2017). Birds

that breed in the Great Plains of Canada
and the US and winter in the Chihuahuan

grasslands have experienced especially

drastic declines of nearly 70% (NABCI 2016).
Grassland specialists, such as McCown’s
Longspur, Sprague’s Pipit, and Baird’s Spar-
row, are also more likely to fare worse than
more generalist birds (Correll et al. 2019).

Of Audubon’s 19 priority species (Table 1.1),

16 (84%) are declining. The exceptions are

species that have rebounded in recent years

2100 1
2050 1
2000 1
1950 1
1900 1
1940 1950 1960 1970 1980 1990 2000 2010
Year
Mountain Plover Chestnut-collared Longspur McCown's Longspur
2000 1
7.5 ]
2001 1500
5.0 1000
100 1
251 \\\“_ 500
oobvr¥4—+—— ————— r0—ovr- —— — 0L ————
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Baird's Sparrow Henslow's Sparrow Sprague's Pipit
30 0.6
201 041 207
101 \V'\M\I,V\/\hrm 0.2 101
0.0

but still merit conservation attention in parts
of their range. The Greater Prairie-Chicken

is threatened, endangered or extinct in
portions of its range. Of its three subspe-
cies, the Heath Hen (T. ¢. cupido) is extinct,
Attwater’s Prairie-Chicken (T. c. attwateri) is

1970 1980 1990 2000 2010

1970 1980 1990 2000 2010
Year

Figure 1.2. Change in grassland area from 1940 to 2015 and population trends for six focal
species from 1966 to 2015. (A) Grassland area data are from USGS Landcover Modeling

project (Sohl 2016), extracted from the same region as the BBS results. The gray shaded area
corresponds to the time period shown in the six, lower panel plots. i: recovery of grasslands
from the Great Drought of 1933-1940 (Weaver 1968); ii: grassland declines in this decade are
likely due to a combination of factors, such as the innovation of the center pivot irrigation
system (Mac et al. 1998, Spencer 2017), expiration of the Acreage Reserve Program in 1958
(Helms 1985), and conversion to range, pasture, and forest (Conner et al. 2001); iii: Conservation
Reserve Program (CRP) instated in 1985; iv: peak enrollment of the CRP. (B) Relative abundance
data for bird species are from Breeding Bird Survey (Sauer et al. 2017) results in the Central
region, which overlaps with the majority of our grassland study area. All species shown exhibit
a declining trend except for the Henslow’s Sparrow, which has stabilized and begun to show
increases since the Conservation Reserve Program’s inception.

Trends of Grassland Birds

Perhaps not surprisingly, birds of North Amer-
ican grasslands have incurred drastic declines
over the past 50 years. The plight of these birds
is worrisome as they have shown “steeper, more
consistent, and more geographically widespread
declines than any other behavioral or ecological
guild” (Knopf 1994). Analysis from North Amer-
ican Breeding Bird Survey data showed 57 of 77
(74%) of cropland-associated species decreased
from 1966 to 2013 (Stanton et al. 2018). Grassland
birds (42 species) incurred a 20% decline during

1970 1980 1990 2000 2010

endangered, and the Greater Prairie-Chicken
(T. c. pinnatus) is extirpated or threatened in
18 states and provinces, yet numerous enough to
be hunted in six states (Johnson et al. 2010). The
Henslow’s Sparrow is a species of conservation
concern to the North American Bird Conservation
Initiative and Partners in Flight, but has shown
steady population increases in the recent decades
(Sauer et al. 2017). The Ferruginous Hawk has seen
historic declines, but have rebounded in Colorado
and Montana since the 1980s driving an increasing
range-wide population trend (Sauer et al. 2017).
Winter population trends for Ferruginous Hawk are
positive (Soykan et al. 2016) perhaps because rap-
tor prey, such as small birds and mammals, thrive
in cropland during winter despite having reduced
abundance in the summer (Steenhof 2013). Upland
Sandpiper had a declining continental population
trend through 1999, but now has a range-wide
increasing trend (Sauer et al. 2013) driven by
increases in the central Great Plains (Houston and
Bowen, 2011). Long-billed Curlew had historically
low abundance and declining trends through the
1990s, but more recently is considered stable
(Sauer et al. 2013).
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Table 1.1. Population trend of priority grassland species, conservation status, and a general description
of their range. Information is from the Partners in Flight Landbird Conservation Plan (2016) unless
otherwise stated. Climate Change Vulnerability is provided for summer and winter at the 3° C

warming scenario.

Species Population trend' | Range Climate change vulnerability?
Summer Winter Summer Winter
Baird’s Sparrow Declining'® US & CAN Chihuahuan High High
Bobolink Declining'® US & CAN S. America High ---
Burrowing Owl Declining US & CAN Chihuahuan Neutral Neutral
Chestnut-collared Longspur Declining'® US & CAN Chihuahuan High Moderate
Eastern Meadowlark Declining® US, CAN, & MEX US & MEX Moderate Neutral
Ferruginous Hawk Increasing US & CAN Moderate Moderate
Grasshopper Sparrow Declining® US & CAN Chihuahuan Low Neutral
Greater Prairie-Chicken Declining'® us us Neutral Neutral
Henslow’s Sparrow Declining'® us us High Neutral
Horned Lark Declining® US & CAN US & Chihuahuan Low Low
Lesser Prairie-Chicken Declining® us us Moderate Low
Long-billed Curlew Stable? US & CAN Chihuahuan High Neutral
McCown’s Longspur Declining'® US & CAN Chihuahuan High Moderate
Mountain Plover Declining? us Chihuahuan High Low
Northern Bobwhite Declining US & CAN US & CAN Neutral Neutral
Sprague’s Pipit Declining'® US & CAN Chihuahuan High Neutral
Upland Sandpiper Increasing US & CAN Southern Cone Neutral ---
Vesper Sparrow Declining US & CAN Chihuahuan Moderate Neutral
Western Meadowlark Declining US & CAN Chihuahuan Low Neutral

1 Population trend and watch list status are from Partners in Flight Landbird Conservation Plan (2016) unless otherwise noted. R = Red Watch List Species;
YR = Yellow R Watch List Species (not declining but vulnerable due to small range/population, or facing threats); YD = Yellow D Watch List Species (population declines

and facing threats); C = Common Birds in Steep Decline.
2 Population trend data from Sauer et al. (2013).
3 H=High, M = Moderate, L = Low, and N = Neutral vulnerability to climate change.

Protections and Policies

The decline of grasslands and habitats for birds is
a prominent conservation issue, and numerous
federal and state programs as well as non-profit
conservation actions have attempted to conserve
grassland habitats. In the United States, imple-
mentation of Farm Bill programs, including the
Conservation Reserve Program (CRP), Agricultural
Conservation Easement Program (ACEP), and
Crop Production of Native Sod (Sodsaver)
programs, have seemingly stabilized the decline in
many grassland bird populations (NABCI 2017).
This achievement is tenuous as recent expiration
of enrolled lands from CRP is associated with a 30%

conversion rate back to agriculture, amounting to
1.3 million acres from 2010-2013 (Morefield et al.
2016). North and South Dakota, areas we have
identified as high conservation priority (see
below), are likely to lose 60 and 66% of their
CRP lands respectively (Warhurst 2012).

Within the Great Plains there are 17 National
Grasslands administered by the US Department

of Agriculture Forest Service, protecting nearly

4 million acres of grasslands (USFS 2018). The
Tallgrass Prairie National Preserve in the Kansas
Flint Hills region, at 11,000 acres, contains the
majority of the remaining tallgrass prairie in public
ownership (NPS 2017). The Sand Lake National
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Wildlife Refuge in eastern South Dakota sets
aside 21,498 acres of prairie pothole and tallgrass
habitat, and actively restores cropland to native
prairie habitat for waterbirds and grassland bird
species (USFWS 2014). The Thunderbasin National
Grasslands is 2-million-acre area of grasslands in
northeastern Wyoming managed by the US Forest
Service (USFS 2018). Other sources of perpet-

ual or long-term grassland protection include
federal conservation easements, national wildlife
refuges, national preserves, and federal conserva-
tion programs such as the Conservation Reserve
Program (CRP). Within the Prairie Pothole Region,
3.5 million acres are currently perpetually pro-
tected through the federal conservation easement
program (USFWS 2018). CRP provides short-term
land protection (10-15 years), for approximately
22.7 million acres across the United States. Texas,
Kansas, lowa, Colorado and North Dakota are the
top five states for CRP enrollment with more than
10 million CRP acres. The term and perpetual pro-
tection efforts of the federal government account
for 22.7 million acres protected as of June 2018
(www.fb.org).

Unlike other grassland regions, a relatively large
component of the shortgrass prairie is public
lands. However, in the absence of native grazers
(i.e., prairie dogs), a unique conservation challenge

public land managers face is public pressures
against grazing, which can actually allow taller
grasses to shade out native short grasses that
would otherwise be dominant (Askins et al. 2007).
Proper management to maintain the shortgrass
prairie includes regenerative grazing practices
that can restore ecosystem function by manag-
ing livestock in ways that mimic the historical
movements and impacts of bison and other native
grazers of the past.

The grasslands of North America are diverse and
require a suite of heterogeneous varied manage-
ment strategies tailored to each habitat type. Over
much of the tallgrass prairie, land conservation
and restoration back to native species may be
most needed. Mixed grass prairie benefits from
sustainable rotational grazing practices, as well

as land conservation and native plant restoration.
Shortgrass prairies provide a unique opportu-

nity for sustainable ranching and bird habitat to
coexist. There is increasing interest in the adoption
of “regenerative” grazing practices that mimic the
role of historical grazing animals by using animal
density, rest, and rotation to restore the mosaic
pattern that once characterized these landscapes,
with additional benefits to soil health, carbon
sequestration, and water retention.

Table 1.2. Lands owned or managed by Audubon, plus the short-term (2020) enrollment target for
private ranches in Audubon’s Conservation Ranching Initiative.

Grassland type Property Current or 2020 Target

Arizona Chihuahuan Appleton-Whittell Research 7,077 Current
Ranch

California California grasslands Bobcat Ranch 6,800 Current

Colorado Shortgrass Kiowa Creek Ranch 1,500 Current

North Dakota Mixed grass Frederick L. Wicks Prairie 800 Current
Wildlife Sanctuary

North Dakota Mixed grass Edward M. Bringham I 2,000 Current
Alkaki Lake Wild-life
Sanctuary

Minnesota Tallgrass Omdahl Homestead and 480 Current
Property

Missouri Tallgrass Audubon Center at 3,700 Current
Riverlands

Nebraska Tallgrass Spring Creek Prairie 850 Current

Multiple All Audubon Conservation 2,500,000 Target

Ranching Initiative
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National Audubon Society is active in grassland
conservation in the Great Plains. Audubon owns
1,732 acres and leases additional 9,525 acres of
grassland habitats located in major grassland
regions (Table 1.2). We engage in grassland
conservation, restoration, and stewardship on
those lands. Several are described in greater
detail throughout the report. Through Audubon’s

Conservation Ranching Initiative, Audubon partners

with ranchers to incorporate bird-friendly prac-
tices into their operations so these working lands
generate forage for cattle and habitat for grass-
land birds. Now, more than ever, it is critical to
understand the threats to grassland ecosystems
and what can be done to reverse the decline of
grassland birds and grassland habitats across
North America.

Long-billed Curlew

bl i

Emerging wildflowers at California Audubon’s Bobcat Ranch, a 6,800
acre wildlife sanctuary, working cattle ranch, and living laboratory

for rangeland research.

Nestled in the foothills on the Western edge of Coast Range in

the Central Valley of California is Bobcat Ranch—a 6,800 acre blue
oak woodland wildlife sanctuary and working cattle ranch. Bobcat
Ranch hosts over 500 visitors a year, is engaged in several ongoing
rangeland research projects, and is the first property in California
to enroll in the Audubon Conservation Ranching Initiative. Bobcat
Ranch is using grazing to improve habitat, increase biodiversity,
protect water sources and riparian zones, and improve soil health
with the goal of serving as a demonstration for conservation
ranching practices in this landscape.
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Figure 2.1. Conceptual diagram
for assessing climate change
vulnerability based on projected
proportion of range loss as a
measure of climate change
exposure (1.5, 2.0, and 3° C
increase in global mean
temperature, not shown),
climate sensitivity, and adaptive
capacity. Darker colors equate
to higher vulnerability.
Projected summer range gains
are limited by a species’
estimated dispersal capacity.

CLIMATE CHANGE VULNERABILITY OF GRASSLAND BIRDS

Background

Grassland birds will experience exceptional rates
of climate change: temperate grassland regions
are projected to have some of the highest climate
change velocities among biomes on Earth (Loarie
et al. 2009). Climate velocity is a measure of the
speed of travel needed to keep pace with climate
change; therefore, grassland birds will need to
move large distances in order to continue occur-
ring in climates similar to those found where they
currently live in the Great Plains. This could be
difficult in part because of the degree of isolation
and fragmentation of remaining grassland habitats
(McGuire et al. 2016).

The success of international agreements on cli-
mate change may impact the future vulnerability
of grassland bird populations. The Paris Agree-
ment (United Nations 2015) includes 174 ratified
parties (mostly nations) that pledged to reduce
greenhouse gas emissions and increase carbon
sequestration incrementally over time. The goal

is to limit global mean temperature increases to
less than 2 °C above pre-industrial levels, a level of
warming above which the risks of climate change
to human civilization and the natural world are
greatly increased (IPCC 2013). However, current
commitments under the Paris Agreement will lead
to an estimated 2.7 to 3.7 °C increase in global
mean temperature (Levin & Fransen 2015), sug-
gesting that further policy actions will be needed.

In Wilsey et al. (2019), we assessed the vulner-
ability of 38 grassland bird species to climate
change under three scenarios representing a 1.5,

2.0, and 3 °C increase in global mean tempera-
ture and including the 2 °C target of the Paris
Agreement. We used temperature change to
describe the scenarios and to place our results in
a clear international policy context, but underly-
ing these scenarios are the projections of three
atmospheric-ocean general circulation models and
a 15-model ensemble. These projections consid-
ered the impacts of greenhouse gas emissions on
both temperature and precipitation. The general
circulation models selected represent a range

of temperature and precipitation extremes for
North America. We defined vulnerability as a
function of a species’ exposure, sensitivity, and
adaptive capacity (Fig. 2.1) and used projections
of future species’ ranges under a changing climate
to estimate the proportions of future range loss
and gain. In particular, we constructed statistical
models for each species relating current obser-
vations to current environmental conditions
including climate, vegetation type, land-use, and
topography. Those present-day models captured
the current range of environmental conditions
inhabited by the species. We then mapped the
future range of each species by substituting pro-
jected future climate and vegetation as inputs to
the models. The estimated proportion of projected
range loss and gain under each climate change
scenario were then used to assess climate change
exposure, sensitivity, and adaptive capacity. We
assessed vulnerability in summer and winter
separately. Summer projections also incorporated
the potential dispersal distance of each species
to limit range expansion as a measure of adaptive
capacity. Each species was given a vulnerability
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score: neutral, low, moderate, and high. Highly
vulnerable species were projected to experience
the highest proportion of current range loss with
limited opportunity for future expansion.

This assessment is an update to Audubon’s 2014
Birds and Climate Change Report that assessed
the climate change sensitivity of birds across
North America (Langham et al. 2015). This new
effort features more than 4 million bird records
from >40 data sources as well as incorporating
vegetation and land-use as predictors of species’
ranges, and consideration of a species’ ability to
disperse as a component of its adaptive capacity
to climate change. This work is the most compre-
hensive, model-based assessment of grassland
birds’ vulnerability to climate change to date.

Results

Nearly one half (42%) of grassland birds were highly
vulnerable during the summer under a 3.0 °C
increase in global mean temperature scenario (Fig.
2.2, Table 2.1). This proportion dropped to 13%
with 2.0 °C increase and 8% with a 1.5 °C increase

over pre-industrial global mean temperature
(Appendix A). More than 70% of grassland birds
had non-neutral vulnerability during the breeding
season under the 3.0 °C (76%) and 2.0 °Cand 1.5
°C (71%) scenarios, such that the number of neutral
species remained relatively constant (24 to 29%).
Climate change vulnerability was much lower in
the winter season with 3 to 6% of species highly
vulnerable and 41to 44% classified as neutral
across all scenarios.

Three species were highly vulnerable regardless
of scenario: Henslow’s Sparrow (Ammodramus
henslowii) and McCown’s Longspur (Rhyn-
chophanes mccownii) in the summer and Baird’s
Sparrow (Ammodramus bairdii) in both seasons
(Figure 2.2). Seven species were projected to lose
more than 95% of their modeled current distri-
bution, including those listed above plus Bobo-
link (Dolichonyx oryzivorus), Chestnut-collared
Longspur (Calcarius ornatus), LeConte’s Sparrow
(Ammodramus leconteii), and Sprague’s Pipit
(Anthus spragueii).

We assessed the agreement in assigning climate
change vulnerability classes between the multi-

Table 2.1. Species with high climate change vulnerability under a 3.0 °C increase in global mean

temperature scenatrio.

Scientific Name

Aplomado Falcon
Baird's Sparrow
Bobolink

Botteri's Sparrow
Chestnut-collared Longspur
Clay-colored Sparrow
Gray Partridge
Henslow's Sparrow
Lark Bunting
Long-billed Curlew
McCown's Longspur
Mountain Plover
Nelson's Sparrow
Savannah Sparrow

Sprague’s Pipit

Falco femoralis
Ammodramus bairdii
Dolichonyx oryzivorus
Peucaea botterii
Calcarius ornatus

Spizella pallida

Perdix perdix
Ammodramus henslowii
Calamospiza melanocorys
Numenius americanus
Rhynchophanes mccownii
Charadrius montanus
Perdix perdix
Ammodramus nelsoni

Anthus spragueii
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model ensemble and three individual global climate change. In the summer, 87 to 95% of species
climate models representing a range of climate had medium-high or high agreement across all
futures for North America. Agreement was generally | scenarios. In the winter, 97% of species had medi-
high and increased with the magnitude of projected | um-high to high agreement regardless of scenario.

Climate change vulnerability counts
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temperature scenario for four
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vulnerable.
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Global Land and
Air Ethic

Comprehensive action to reduce greenhouse gas
emissions could reduce the number of species
with high vulnerability to climate change from
three in seven to fewer than one in twelve. Highly
vulnerable species were projected to lose more
than 50% of their current range with projected
gains from range expansion (taking into account
natal dispersal) unable to make up for those
losses. Nine North American grassland bird
species included in this analysis are species of
continental conservation concern (Rosenberg et
al. 2016). Of those, seven are highly vulnerable

in at least one season under the scenario for a

3 °Cincrease in global mean temperature. That
becomes six species with a 2 °C increase, and
three species with a 1.5 °C increase. Thus, policies
that reduce climate change will also benefit the
most at-risk grassland species.

The future of grassland birds depends on a new
land and air ethic. The land ethic includes sup-
port for federal programs that incentivize and
expand grassland conservation and discourage
the tilling of native prairie. Existing programs
such as the Conservation Reserve Program (CRP),
Environmental Quality Incentives Program (EQIP),
Agricultural Conservation Easement Program
(ACEP), Crop Production of Native Sod (Sodsaver)
Program, and U.S. Fish and Wildlife Service
Conservation Easement Program have demon-
strated value for grassland birds (NABCI 2017).

In addition, market-based conservation, such as
Audubon’s Conservation Ranching Initiative can
help keep grasslands on the landscape providing

habitats to these species and giving them greater
capacity to adapt to the increasing threat of climate
change. However, the estimated vulnerability of
grassland birds to climate change suggests that
land conservation will not be enough. Conservation
of grassland bird populations requires that the
Paris Accord be successful in keeping global mean
temperature increases below 2 °C. Furthermore,
energy policy must avoid traps, such as the renew-
able fuel standards, that accelerate grassland
conversion in the name of emissions reductions
(Wright et al. 2017).

Grassland conservation and certain ranchland
grazing practices, in particular, can help mitigate
climate change by sequestering atmospheric
carbon that would otherwise contribute to global
warming (Blackburn et al. 2018). Regenerative
grazing encompasses multiple grazing systems
(e.g. prescribed grazing, intensive rotational grazing,
holistic planned grazing, adaptive multi-paddock
(AMP) grazing, patch-burn grazing) all of which
focus on restoring the ecological function and pro-
ductivity of degraded grasslands with the benefit
of sequestering carbon in soils. Natural Resources
Conservation Service (NRCS) estimates a net
potential benefit of 0.01-0.20 tons C per acre per
year from implementation of prescribed grazing
on ranchlands (Chambers et al. 2016). This would
equate to 1.1to 20 million tons C per year if 100
million acres were managed with these practices.
Over decades, continued efforts to increase
carbon stocks by 0.04% per year could eventually
lead to 83 million tons C per year by 2050, half the
net greenhouse gas emissions of the agricultural
sector in 2013 (Chambers et al. 2016). Estimated
differently, if half of grasslands in the US were
managed to improve carbon sequestration, they
could capture 10 to 23% of CO, emissions annually
(Blackburn et al. 2018). Thus, grassland conservation
and restoration, through practices such as regener-
ative grazing, are valuable components of a
comprehensive climate change mitigation strategy.

Grassland birds need creative solutions, like
market-based conservation, that keep grasslands
viable and support diverse bird communities, as
well as sustained advocacy for federal and local
programs that protect grasslands and reduce
greenhouse gas emissions.
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MEASURING IMPACTS OF RANGELAND MANAGEMENT ON BIRDS: THE BIRD FRIENDLINESS INDEX

Figure 3.1. The Bird Friendliness
Index (BFI) is the sum product of
estimated avian density and
conservation status times a
measure of functional diversity
based on species traits (i.e., diet,
foraging strata, and body mass).

Background

Most metrics evaluating habitat quality or man-
agement response focus on individual species

as indicators (Simberloff 1998). Yet, birds often
exhibit a broad range of habitat preferences. For
example, Horned Larks prefer open grasslands
with bare ground or short grass, while Henslow’s
Sparrows prefer dense stands of tall grass. Con-
sequently, single species rarely serve as effective
proxies for entire communities (Landres et al.
1988, Carnigan and Villard 2002). Therefore, to
evaluate effects of conservation actions on entire
grassland bird communities it is necessary to
develop multispecies metrics that evaluate the
responses of the full suite of affected species
(Nuttle et al. 2003, Goyert et al. 2016). These
metrics allow for consideration of not only habitat
preferences, but also foraging behavior, body size,
and other life-history characteristics. By incorpo-
rating multiple species into conservation planning
and adaptive management, we will support bird
communities that are more resilient to change
(Barbaro et al. 2014).

Multispecies metrics to evaluate conservation
actions are particularly important in threatened
habitats. Grasslands of the Northern Great Plains,
are among the continent’s most endangered hab-
itats due to the loss of more than 80% of natural
grassland since the 1800s (Samson et al. 2004,
Brennan and Kuvlesky 2005). One consequence
of this habitat loss has been the >40% decline

in grassland bird populations since 1966 (NABCI
2017). Only 5% of the remaining grassland habitat
is protected by government agencies, while 84% is
held in private landownership (Askins et al. 2007).
Moreover, seven obligate grassland-breeding bird
species have more than 90% of their summer
distribution on private lands, including the Eastern
Meadowlark (Sturnella magna) and Dickcissel
(Spiza americana; NABCI 2013). As such, cooper-
ation between government agencies, non-profit

organizations and private landowners is essential
to ensure conservation of these imperiled species
in the future (Samson et al. 2004).

The National Audubon Society developed the
Conservation Ranching Initiative in an effort to
partner with private landowners to conserve
grassland bird species. Audubon provides ranch-
ers with guidelines for “bird-friendly” ranching
management practices implemented through
customized Habitat Management Plans. Ranches
that implement these plans are certified as provid-
ers of bird-friendly products. Thus, the program
utilizes market-based conservation solutions that
benefit both ranchers and birds (www.audubon.
org/conservation/ranching). In order to evaluate
the success of Audubon’s Conservation Ranching
Initiative in maintaining or increasing grassland
bird community resiliency on partner ranches,
we developed a metric evaluating grassland bird
community response to management practices.
This metric, the Bird Friendliness Index (BFI),
combines avian count data with remotely sensed
environmental data to evaluate the capacity of a
landscape to support an abundant, diverse, and
resilient grassland bird community (Fig. 3.1).

The BFI takes into account species abundance,
conservation status, and diversity of the entire
community of grassland birds at a site. Because
birds provide a variety of useful ecosystem func-
tions including seed dispersal, pest control, and
pollination (Sekercioglu et al. 2017), the resiliency
of bird communities influences the resiliency of
the overall ecosystem (Fischer et al. 2007). Thus
the BFl includes a measure of functional diversity
to evaluate the intactness and resilience of both
the grassland bird community and the suite of
functional roles they fulfill (Fischer et al. 2007).
The design of the BFI enables evaluation at the
scale of an individual ranch, state, or region due to
standardization methods that facilitate compari-
sons among North American grasslands spanning
broad climatic and bird community gradients.

BFI = z (Density X Conservation Status) X Functional Diversity

species
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Figure 3.2. Relative importance
for environmental covariates
from bird-habitat models used to
calculate the Bird Friendliness
Index for the NGP. Mean relative
importance with 95% confidence
intervals from occurrence (A) and
density (B) models averaged
across 34 bird species are shown.

Here we develop a case study in the Northern
Great Plains to demonstrate the use of the BFI to
investigate historical trends in bird community
resilience and evaluate the effects of land man-
agement practices on grassland bird communities.
We used Integrated Monitoring in Bird Conserva-
tion Regions (IMBCR) avian count data collected
during 2009-2014 by Bird Conservancy of the
Rockies (BCoR 2017) to estimate the avian densi-
ties used as inputs to the BFI. IMBCR consists of 16
replicate point counts within 1 km, cells distributed
randomly across the region. We estimated occur-
rence (i.e. probability of presence) and density
within each 1 km, cell for 34 grassland and arid-
land bird species (Appendix B) while correcting
for imperfect detection using spatial replicates,
distance estimates, and time of first observation
(Sélymos et al. 2013). We then predicted densities
of each focal species across the Northern Great
Plains by relating the cell-level density estimates
with 18 environmental variables (Hijmans et al.
2017). This resulted in continuous density maps
covering the entire region at 1 km, resolution. The
34 bird species were also grouped into functional
species based on traits (i.e., diet, foraging strata,
and body mass [Wilman et al. 2014]; Appendix B),
and functional diversity was calculated for each
1km, cell from the density maps as a Shannon’s
Diversity Index by summing densities across spe-
cies with similar function traits. Predicted species
densities were weighted for conservation value
by multiplying by the breeding season Combined
Conservation Score (NABCI 2016).

We calculated the BFI for each 1 km, cell by multi-
plying conservation-weighted density by func-
tional diversity for each grid cell, and standardized
by scaling from zero to one. We used a logistic
distribution for scaling to accommodate the lower
limit of zero and the occasional, exceptionally
high BFI value. The standardization process is a
critical component of the BFI. Standardization
expresses each cell’s bird-friendliness relative to
the surrounding BCR, producing a ranked index
scaled from zero to one that is easily interpreted.
Furthermore, it enables BFIs from ranches across
North America in differing grassland types and
climatic zones to be compared. Finally, standardiz-
ing relative to a relatively large geographic region
beyond the ranch zeroes in on management
effects by controlling for interannual variation
due to large-scale processes, e.g. weather and
density-dependent cycles. The BFI for an indi-
vidual ranch or other landholding is estimated as
the mean BFI value across all 1 km, cells occurring
within the property. We then use simulation to
demonstrate how changes in the BFI over time
indicate grassland bird community response to
simulated habitat management.

Results

Average BFls across the Northern Great Plains
were similar across years, ranging from 0.497 in
2009 and 2011 to 0.500 in 2012. Grassland bird
densities responded most strongly to drought
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Figure 3.3. Estimated and
simulated BFIs for an anonymous
ranch enrolled in Audubon’s
Conservation Ranching Initiative
within the Northern Great Plains.
Simulated BFls representing the
response to hypothetical bird-
friendly habitat management
implemented during 2011-2014

- prior to actual implementation
of Habitat Management Plans
beginning in 2017 - were higher
overall than estimated BFIs from
observed data, and increased
over time.

conditions as measured by climatic moisture defi-
cit, explaining 18.5% of the variation in occurrence
(+ 2.8% SE), and cropland cover, explaining 13.1%
of the variation in density (+ 3.4% SE) on average
across species (Fig. 3.2). Overall grassland birds
responded most strongly to landcover variables,
which together explained 38.3% of variation in
occurrence and 41.5% of variation in density.
Climate variables were the second most important
class for occurrence, explaining 25.9% of the vari-
ation combined. For grassland bird density, eco-
system variables were the second most important
class, explaining 31.9% of variation all together.
Both occurrence and density of grassland birds
responded more strongly to environmental
variables than to year, indicating that most of the
interannual fluctuations in grassland bird densities
were explained by the covariates included in
these models.

Sensitivity analyses revealed that changing spe-
cies’ densities had the largest relative impact on
BFI values (effect size = 0.129 + 0.004), followed
by changing conservation scores (effect size =
0.061 + 0.002), and changing functional diversity
(effect size = 0.041 = 0.001).
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Evaluating Bird-Friendly Habitat Management on
Conservation Ranches

To demonstrate the ability of the BFI to evaluate
grassland bird community response to implemen-
tation of Bird-Friendly Habitat Management Plans
on ranches enrolled in Audubon’s Conservation
Ranching Initiative, we simulated management
action on an anonymous enrolled ranch within

the Northern Great Plains. We used simulation
because the Conservation Ranching Initiative is
still relatively new. The first Habitat Management
Plans were implemented in 2017, which is too
recent to evaluate bird response to management.
In these simulations, we assumed that manage-
ment would reduce nearby cropland cover, CO,,
evapotranspiration, and N,O, and increase litter,
net primary productivity, soil moisture, propor-
tion grassland, grassland cohesion, and grassland
patch size. These changes were simulated to accu-
mulate incrementally over time, with a compound-
ing 10% increase or decrease each year (plus some
random variation). These simulated environmental
conditions were then used to re-calculate bird
densities and functional diversity, and re-estimate
the BFI each year within that ranch. We simulated
habitat improvement beginning in 2011, and then
compared changes in the BFl under simulated
management practices to actual estimated BFI
from 2009 to 2014 (Figure 3.3).

2010 2011

Year

2012 2013 2014
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BFI values representing grassland bird commu-
nity response to simulated Conservation Ranch-
ing Habitat Management Plans were 21% higher
overall than BFIs estimated from observed data
(Fig. 3.3). Additionally, BFI values with simulated
bird-friendly habitat management significantly
increased over the six-year period (slope = 0.05

+ 0.01 SE), while estimated BFI values (without
bird-friendly habitat management) did not change
during the same time period (slope = 0.01 + 0.01
SE). This indicates that when practices commonly
used in Habitat Management Plans do increase the
abundance and resilience of the ranch’s grassland
bird community, the change will be detected using
the Bird Friendliness Index.

Accountable
Conservation

Having quantitative metrics of impact is crucial

to the success of any conservation program. The
Bird Friendliness Index provides accountability
and transparency for Audubon’s Conservation
Ranching Initiative. By incorporating individual
species’ density and functional diversity, Audubon
can evaluate responses of the entire grassland bird
community to habitat management on an annual
basis, as well as information on individual species.
This, in turn, can inform selection or adaptation of
habitat management practices for the subsequent
year through an adaptive management process.
By identifying early on which species and commu-
nities are doing poorly, and where, we can poten-
tially work with ranchers to modify conservation
actions that will lead to population stabilization

or even increasing abundance and distribution. To
be able to do this effectively we are in dire need
of indicators that are rigorous, repeatable, and
easily understood (Balmford et al. 2005). The BFI
is a tool by which Audubon and others can do
accountable conservation now and into the future.

Audubon Great Lakes, in collaboration with lllinois Audubon Society
and the Chicago Wilderness Grassland Bird Task Force, has published
its inaugural State of the Grasslands Report in 2018. The report seeks
to quantify, analyze, and illustrate the impact of management and
stewardship on grasslands and grassland birds in the Chicago
Wilderness region. Audubon and partners have mapped grasslands
documenting a precise baseline of actively managed grasslands in
various regimes of prescribed burning, haying, and mowing. An

analysis of these land management activities along with grassland bird
monitoring data compiled by landowners and volunteers is providing
novel insights on how the collective impacts of local management are
impacting regional grassland bird populations. The Chicago Wilderness
region is now home to steady or increasing populations of grassland
birds including Bobolink and Henslow’s Sparrow, while much of lllinois
and the broader region continues to suffer declines. Audubon, through
this report and broad partnership, is shedding light on how we can
maintain and expand these trends to reverse the plight of grassland
birds in the Midwest and Great Lakes Region.
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GRASSLAND CONSERVATION PRIORITIES FOR TODAY AND TOMORROW

Background

Bird conservation is challenging with limited
resources (Myers et al. 2000); therefore, the con-
servation community is required to prioritize for
protection or restoration those places that provide
the greatest return on investment. Here we iden-
tify conservation priorities in three overlapping
geographies: the entire central grasslands from
Canada to Mexico, the Northern Great Plains and
the Southern Great Plains. We identified continen-
tal and regional priorities to both meet the needs
of a diverse stakeholder group that includes Audu-
bon state, national, and international programs, as
well as Audubon partners, and make use of higher
resolution datasets available only for regional
geographies.

Our priorities complement the Grassland Priority
Conservation Areas (GPCAs) identified in 2005

by a multi-stakeholder partnership led by the
Committee for Environmental Cooperation and
The Nature Conservancy (Gauthier et al. 2003;
Karl and Hoth 2005) and updated in 2010 by the
Bird Conservancy of the Rockies (Pool and Panjabi
2011). These priority areas, hereafter referred to as
2010 GPCAs, are areas of tri-national importance
due to their threatened status and ecological sig-
nificance. The identification process involved inte-
gration of 120 spatial data layers, a priority-area
gap analysis, assessment of 20 key grassland bird
and mammal species, and a workshop with 36

Canadian, US, and Mexican experts from a variety
of disciplines. The goal was to identify areas
requiring immediate conservation action. In 2018,
a new set of Grassland Potential Conservation
Areas (hereafter referred to as 2018 GPCAs) were
identified (Comer et al. 2018) that focused on rep-
resentation of 12 major grassland types and their
associated species of concern. Our work comple-
ments both sets of GPCAs by incorporating into
the identification process the predicted impact of
future climate and land-use change on grassland
birds and their habitats at multiple spatial and
temporal scales.

There are many emerging methods for developing
climate-smart conservation plans that address
both present and predicted future climate suit-
ability for multiple species simultaneously (Carroll
et al. 2010; Schuetz et al. 2015). We used the
spatial conservation planning software Zona-

tion (Moilanen et al. 2014) to identify multi-scale
conservation priorities for suites of grassland
birds based on species distributions and density;
present and future projections of climate, land-
use, and vegetation; and threats related to energy
infrastructure development. We customized
Zonation to produce a ranking of the landscape
by aggregating the current and predicted future
value of each cell for all species, while simulta-
neously accounting for the loss of value due to
current and predicted land-use threats.
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Figure 4.1. The tri-national extent
for the continental prioritization.
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Continental Priorities
for Full Annual Cycle
Conservation

To address full life cycle conservation and inform
national and international policy, Grand et al.
(2019) completed two prioritizations for the entire
central North American grasslands extending from
Canada to Mexico (Fig. 4.1). The region includes
the Great Plains level | ecoregion (EPA 2013) plus
the eastern Warm Deserts (i.e. Chihuahuan Grass-
lands) level Il ecoregion, which is of critical impor-
tance to many wintering grassland bird species.

We prioritized areas for conservation based on
present and projected future species ranges and
land use under a changing climate (Fig. 4.2).

The first prioritization included climate change
alone, and the second included both climate
and land-use change. We included summer and
winter ranges for 39 grassland birds; the same
species included in the climate change vulnera-
bility assessment with the addition of the Scaled
Quail (Callipepla squamata), a resident of the
Chihuahuan grasslands and conservation target
(see Part 2 for methods and Appendix C for a list
of included species). The land-use projections
were based on both climate and socioeconomic
variables (Li et al. 2016) and we considered four
decadal time steps (2010, 2030, 2060, 2090),
each representing 30 year averages.

All projections assumed a climate change scenario
of 3.0 °C increase in global mean temperature by
the end of century. The 3.0 °C warming scenario is
equivalent to the Intergovernmental Panel on Cli-
mate Change (IPCC) Representative Concentration
Pathways very high emissions scenario (RCP 8.5;
Moss et al. 2010; van Vuuren et al. 2011) that most
closely resembles the trajectory of current inter-
national policy (United Nations 2015). Although,
we use temperature to characterize the scenario,
the RCPs are based on an ensemble of 15 general
circulation models that simulate the impacts of
greenhouse gas emissions on both temperature
and precipitation.

We used Zonation spatial prioritization software
(Moilanen et al. 2014) to rank every 1-km, cell in
the landscape from O to 1 based on its climate and

land-use suitability for grassland birds. We used
the Core Area Zonation (CAZ) ranking method
because it ensures that every species is repre-
sented in the final ranking. We gave preference to
contiguous sites recognizing that connectivity is
an essential climate change adaptation strategy.
We generated separate landscape rankings for the
summer and winter seasons to avoid bias related
to the larger number of species breeding than
wintering in North America. Finally, we combined
the seasonal rankings into a single continental
ranking by taking the maximum rank from either
summer or winter for each cell in the landscape,
and re-scaling all cells from O to 1.

The prioritization weights at-risk species higher
than common species, and present conditions
higher than future predictions. Species weights
were derived from the State of the Birds con-
servation concern scores for summer and winter
(NABCI 2016). We normalized the scores, which
originally ranged from 1to 20, using the formula:
(X - X min)/(X max - X min). Weighting present
conditions higher than future conditions reflects
the increasing uncertainty of climate change
predictions after approximately 2050 (Knutti and
Sedlacek 2013). To assign weights to time steps,
we calculated the difference between the mini-
mum and maximum model predictions at each
time step (Knutti and Sedlacek 2013) and used the
inverse as the weight (Table 4.1). Final weights for
each species’ range map at each time step were
the product of the normalized conservation con-
cern score and the time-step weight (Appendix 1).

The ability (or inability) to disperse could influence
a species’ ability to move away from worsening
climate or toward improving climate in order to
adapt to climate change. We simulated dispersal
potential in the prioritization via the ecological
interactions function in Zonation (Moilanen et al.
2014) which down-weighted locations beyond
which a species would be expected to disperse
from its current distribution at each time period
(Rayfield et al. 2009; Carroll et al. 2010). We used
annual natal dispersal distances and generation
time of each species derived by Partners in Flight
to inform this function.

For the prioritization that included predicted
land-use change, locations predicted to be
grassland, pasture, shrub, wetland, or water were
considered compatible with grassland bird use,
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Present Species Climate Future Species Climate
Suitability

Suitability

Figure 4.2. Conceptual diagram
outlining methods for two
continental spatial prioritizations:
one based entirely on current and
predicted future species’ ranges
under a changing climate (left)
and a second that also considers
predicted future land use and
land cover (right).

Climate Change

while urban, cropland, forest, bare ground, and
snow/ice were considered unsuitable. Only cells
with compatible land use types were retained in
the analysis and ranked based on the prioritization
approach described above. Although shrublands
provide marginal habitat for many grassland birds,
we opted to retain them as they have high
potential for restoration.

Table 4.1. Weighting scheme for time steps to
account for increasing uncertainty of climate
projections over time.

Time Step Difference Weight
2010 NA 3.0
2030 0.5 2.0
2060 0.9 11

2090 1.6 0.6

Lastly, we defined vulnerable grasslands as areas
with a high climate stronghold rank and a high risk
of conversion to incompatible land uses. We identi-
fied these areas by subtracting the climate and
land-use change prioritization ranks from the climate
change-only prioritization ranks. To create a compre-
hensive map of vulnerable priorities, we selected
the top 20% of vulnerable grasslands and overlaid
the 2010 and 2018 GPCAs predicted to have 20%
or less of suitable grassland bird habitat in 2060.

across inputs

1

Conservation Prioritization

Present and Future Land Use

o 7

T ONEEEENE M

Cropland Forest  Paswre  Shrub  Water  Urban Barcland  Snow/Iee

Climate & Land-use Change
Conservation Prioritization

Results

Areas with high conservation rank for grassland
birds under a changing climate included the
Southern Great Plains of New Mexico, Texas, the
Oklahoma panhandle; the Chihuahuan desert;
and the Northern Great Plains of North and South
Dakota, Montana, Alberta, Saskatchewan, and
Manitoba (Fig. 4.3a). When projected future land-
use change was included, results suggested that
virtually the entire eastern half of the region could
be converted to incompatible land uses by 2100
(Fig. 4.3b). As a result of ongoing habitat loss in
the east, a corridor of shortgrass prairie con-
necting the high-ranking northern and southern
regions increased in conservation rank.

Grasslands vulnerable to land-use change
included the Gulf Coast Prairie, Texas Blackland
Prairie, portions of the Chihuahuan desert, much
of the east-central Plains, and the Prairie Pothole
Region and surrounding areas (Fig. 4.3c,d). What
little remains of these unique ecological systems
and the birds that depend on them will likely
become extirpated without immediate protection.
However, it remains to be seen whether these
areas will prove to be too expensive to protect or
restore due to increasing land conversion pressures.
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Figure 4.3. Conservation ranks
based on: (A) present and
future climate suitability for

39 grassland bird species; and
(B) present and future climate
and land-use suitability for

39 grassland bird species; (C)
vulnerability, defined as the
difference between the climate
only scenario (Fig. 4.3a) and
the climate and land-use
scenario (Fig. 4.3b) where high
vulnerability means a relative
high climate-only conservation
rank and a relatively low climate
and land-use conservation rank;
(D) vulnerable priorities have
high vulnerability (from C) or are
GPCAs (2010 or 2018) predicted
to have 20% or less suitable
grassland bird habitat by
mid-century.

Approximately 27% of the area within 2010 GPCAs
and 24% of the area within 2018 GPCAs was coin-
cident with the top 20th percentile of our climate
change prioritization, with average conservation
ranks of all GPCAs ranging from 0.09 to 0.95.
Approximately 16% of the area in global IBAs
overlapped the top 20th percentile of the climate
change prioritization. These overlapping areas
were predicted to retain suitable climate condi-

tions to accommodate the full annual cycle for
species that breed and over-winter in the North
American grasslands, and may become critical
climate strongholds for grassland birds by the end
of the century. They are also robust to differences
in prioritization approach, suggesting that they
should be given high priority in continental-scale
conservation planning efforts.

Savannah Sparrow
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Figure 4.4. Extent of the
Northern Great Plains
prioritization

Figure 4.5. Conceptual diagram
for the Northern Great Plains
prioritization
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Northern Great Plains

The Northern Great Plains (Fig. 4.4) is a priority
for Audubon and Canadian conservation partners,
and the region emerged as having high impor-
tance in our continental prioritization (Grand et

al. 2019). Setting priorities today that account for
current and projected future changes in spe-

cies distributions is essential for the long-term
persistence of grassland birds in the region. When
available, information of species abundances has
been shown to improve the efficiency of spatial
prioritization products (Veloz et al. 2015). In the
Northern Great Plains, we used near present-day
(2014) species density predictions for 25 grass-
land bird species based on the Integrated Moni-
toring in Bird Conservation Regions (IMBCR 2017)
dataset (see Section Il for detailed methods) and
projected future ranges under a 3 °C increase

in mean global temperature (see Section Il for
detailed methods) to prioritize areas for conserva-
tion. A second prioritization considered proximity
to wind turbines and oil and gas infrastructure to
mitigate these potential threats to grassland birds
(Fig. 4.5).

Prioritization methods were similar to the conti-
nental prioritization described above. Again, we
weighted at-risk species higher than common

Future Species Climate
Suitability

Climate Change
Conservation Prioritization

species, and projected future ranges under climate
change lower than present species ranges. For this
prioritization however, we focused on the breed-
ing season, did not include dispersal limitations
owing to the much smaller extent of analysis, and
considered existing threats rather than projected
land-use change.

Results

The Prairie Potholes Region, in particular the
Dakotas, Montana, Alberta and Saskatchewan had
the highest conservation rank for grassland birds
under a changing climate (Fig. 4.6a). By including
energy infrastructure, high-ranking sites shifted
away from areas under development, most notably
in Canada and northwest North Dakota (Fig. 4.6b).

Approximately 25% of 2010 GPCAs and 17% of
2018 GPCAs overlapped with cells ranked in the
top 20th percentile of the climate change prioriti-
zation, with mean ranks of all GPCAs in the North-
ern Great Plains ranging from 0.03 to 0.89. Once
again, IBAs had lower overlap than 2010 GPCAs,
with approximately 17% of the IBA area co-occur-
ring with cells ranked in the top 20th percentile.
The lower coincidence of IBAs is indicative of the
fact that grassland birds were not necessarily the
focus of IBA identification efforts.

Present Energy
Threats

Climate Change & Energy Threats
Conservation Prioritization
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Figure 4.6. Conservation ranks
based on: (A) present species
density and future climate
suitability for 25 grassland birds;
and (B) present species density,
future climate suitability, and
energy infrastructure threats for
25 grassland birds
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Figure 4.7. The extent of
the Southern Great Plains
prioritization

Figure 4.8. Conceptual diagram
for the Southern Great Plains
prioritization
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Southern Great Plains

The Southern Great Plains region is a priority for
Audubon state offices in Nebraska, Colorado, New
Mexico and Texas. We partnered with Playa Lakes
Joint Venture (PLJV) to identify priorities for
grassland conservation within the PLJV boundary,
an area defined by the majority of Bird Conser-
vation Regions 18 and 19 (Fig. 4.7). PLJV recently
completed a Landscape Conservation Design for
the implementation of Waterfowl Management Plan
within this landscape (Bartuszevige et al. 2016),
and is now applying the same design principles to
grasslands. The process considers the potential

of the landscape to support target populations of
grassland birds and then designs strategies that
will help achieve those population goals. Audubon
scientists worked with the PLJV to incorporate
spatial prioritization into the design process.

As in the Northern Great Plains prioritization, we
used species density estimates to improve the
potential efficiency of the regional prioritization
(Veloz et al. 2016) under the assumption that high

species density indicates high habitat suitability.
The PLJV estimated density per acre for 14 grass-
land bird species (Appendix C) based on land-
cover type, condition, state, and BCR.

To characterize impacts of future land-use change
on bird densities, we used projections from the
Global Change Assessment Model reference sce-
nario, a climate change scenario consistent with

a 3 °C or higher increase in mean global tem-
perature. The Global Change Assessment Model
addresses the complex interactions between
energy, water, agriculture and other land use,
socioeconomics, and climate change (Capellan-
Pérez et al. 2014). However, these global projec-
tions were quite coarse, so we worked with USGS
scientists who have developed a model (FORE-
SCE) that uses field-level data to create more real-
istic representations of the global land-use change
projections at a 30 m resolution (Sohl et al. 2018).
The model allowed climate change to influence
both natural vegetation cover and human land-use
(i.e. crop type), considering factors such as precip-
itation and aquifer depletion, for example.

Present Species Density  Future Land Use & Vegetation Future species density

Rank relative value
across inputs

Climate & Land-use/Vegetation Change
Conservation Prioritization
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Figure 4.9. Conservation ranks
based on estimated density of
14 grassland bird species, and

present and predicted future
climate and land use-land
cover change.
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To estimate grassland bird densities across the
region, we reclassified the land-use/land-cover
projections into five classes for which we had
associated species density estimates: grassland
(mixed grass, tallgrass, shortgrass), shrubland
(shinnery oak, mesquite savannah, sand sage),
wheat, row crops, and grass crops (pasture,
fallow, alfalfa, hay). We then mapped the esti-
mated densities for each of the 14 species at four
decadal time steps (2014, 2040, 2070, 2100). We
converted the species density maps to a 1km,
resolution (due to software constraints) and used
them as inputs to Zonation to generate a spatial
prioritization (Fig. 4.8).

Results

The western half of the Southern Great Plains
region had the highest conservation ranks (Fig
4.9), while decreasing conservation ranks were
projected for the eastern half of the region. These
results are consistent with the continental climate
and land-use prioritization results.

Overlap with GPCAs and IBAs was higher in the
Southern Great Plains than the other regions.

Table 4.2: Examples of conservation strategies identified by the PLJV for implementation in the region,
the philosophy behind engaging in each strategy, and the programs that can advance the strategy

Strategy

Retain and improve the condition
of the current grass acreage in the
short and mixed grass prairies

Increase area of grass in the PLJV
region using Farm Bill Programs or
other state and Federal conserva-
tion programs

Promote grasslands restoration
in areas where aquifer depletion
prohibits irrigated agriculture

Philosophy

Grassland bird abundance can be

Programs/Practices

* Support Audubon’s Conservation

increased through retaining grass
and increasing the heterogenity of
the grass structure on the landscape

Increasing grassland will increase
habitat availability for grass-
land-breeding birds

Climate change combined with aqui-
fer depletion may lead to changing
land-use and opportunities for
grassland expansion

Ranching Initiative

Work to retain CRP on the land-
scape through Farm Bill Programs
that incentivize retention (e.g.,
EQIP, CRP Grasslands program)

Expand the GRIP program to the
PLJV region

Invest in grassland restoration
where vegetation and land-use
projections agree it is likely to
occur.

Increase acreage cap of CRP
enrollment

Invest in grassland restoration
where vegetation and land-use
projections agree it is likely to
occur.

Support expansion of Audubon’s
Conservation Ranching Initiative
into grassland restoration areas
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Approximately 46% of the 2010 GPCA and 29%
of the 2018 GPCA area co-occurred with the top
20th percentile, with mean ranks ranging from
0.06-0.96. Approximately, 33% of global IBAs
overlapped with the top 20th percentile.

The Southern Great Plains prioritization showed
high agreement with the continental prioritization
incorporating land-use change. Both analyses sug-
gest that the eastern half of the region is likely to
become less suitable for grassland birds over time,
likely due to higher precipitation and suitability
for irrigated row crops. The fact that the majority
of GPCAs in the area co-occur with the highest
ranked sites in the western half of the region
further validates our results. This prioritization
suggests that regional-scale conservation efforts
should target eastern New Mexico and Colorado,
and northwestern Texas.

The output of the Landscape Conservation Design
for the PLJV Grasslands Implementation Plan
includes a table of conservation strategies that
partners agreed to implement in pursuit of bird
population targets (Table 4.2 provides an excerpt).
Key strategies included retaining and improving
the condition of short and mixed-grass prairie;
increasing the area of grasslands through Farm Bill
programs, and promoting grassland restoration

in areas where aquifer depletion may prohibit
irrigated agriculture in the future. Audubon’s
Conservation Ranching Initiative has the potential
to advance one or more of those strategies. These
conservation priorities identified in the Southern
Great Plains prioritization incorporate existing
grasslands as well as potential grassland expan-
sion due to climate change.
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Figure 4.10. (A) Consensus
Grassland Priorities across
the top 20th percentile of all
prioritizations and both sets
of GPCAs. Audubon’s regional
priorities (black ovals) are
also depicted. (B) All levels of
consensus priorities including
strongholds, GPCAs, and
vulnerable areas.
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Grassland Conservation
Priorities

Our multiple spatial prioritizations incorporated
the best available information on present and
future bird ranges, bird density, and predicted
land-use and land-cover change. We demon-
strate substantial consensus across spatial scales
regarding the most important areas for grassland
birds in the central grasslands of North America.
The results suggest that the most critical climate
strongholds for grassland birds at the continental
scale are located in southern Canada, northern
Montana, the Dakotas, Arizona, New Mexico,
Texas, the Oklahoma Panhandle, and the Chi-
huahuan Desert. Regional strongholds include
southern Canada, the Dakotas, and Montana in the
Northern Great Plains, and western Nebraska and
Kansas, Colorado, New Mexico, and Texas in the
Southern Great Plains.

Increasing pressure from competing land uses in
the eastern half of the central grasslands makes
this part of the region extremely vulnerable to
land conversion. Urgent conservation action is

required to protect or restore any unprotected
tall- and mixed-grass prairie that remains; how-
ever, the cost may be higher given the value of the
land in the region for irrigated agriculture. A less
predictable factor that could reduce land conver-
sion pressure is the depletion of aquifers, which
could provide opportunities for grassland resto-
ration as irrigated cropland is no longer viable.

To define a portfolio of high-priority sites for
grassland conservation in North America, we
identified areas of consensus across all of our con-
tinental and regional prioritizations, and both sets
of GPCAs, in order to include and expand upon
previous conservation planning efforts (Fig. 4.10).
We mapped the top 20th percentile of conserva-
tion rank identified in each prioritization and tal-
lied the number of prioritizations that overlapped.
No single location was identified as a top priority
by all prioritizations; however, all high-ranked sites
are considered priorities for conservation action.
Additionally, given the near total loss of native tall-
grass prairie in the eastern half of the region, this
area is poorly represented in our prioritizations.
We therefore recommend that any remaining
fragments of unprotected tallgrass prairie be iden-
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Figure 4.11. Consensus Priorities
with (A) the union of Grassland
Priority Conservation Areas
(2010 [Pool and Panjabi 2011]
and 2018 [Comer et al. 2018])
outlined in black, and (B) global
Important Bird Areas.
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tified as high priority for protection, restoration, or
collection of genetic material for seed banks.

Many Grassland Priority Conservation Areas (2010
and 2018) and Important Bird Areas occur in
highly ranked grassland priorities (Figs 4.11a and

b respectively). For example, the Sage Creek Milk
River, Monet, and Frenchman River - Bitter Creek
GPCAs, and the North Valley Grasslands IBA in the
Prairie Potholes Region, and the New Mexico Less-
er-Prairie Chicken Complex and Pradera de Tokio
IBAs in the southern Great Plains and Chihuahuan
grasslands, respectively. These areas may provide
high return on conservation investment, as they
have been identified as important by several inde-
pendent prioritization approaches. Furthermore,
the substantial overlap of GPCAs in particular with
our portfolio of climate-smart grassland priorities
provides strong validation of our approach.

We calculated the proportion of each grassland
type in the top 20% of grassland climate strong-
holds (GCS; Fig. 4.3a), grassland climate and land-
use strongholds (GCLUS; Fig. 4.3b) and vulnerable
grassland strongholds (VCGS; Fig. 4.3c), and the
highest level of Consensus Priorities (CP; Fig. 4.11),
as well as the proportion of each that is currently

under some form of protection. The extent of each
grassland type was identified based on Nature-
Serve’s Current Grassland Range Maps which were
developed by extending the LANDFIRE biophys-
ical settings products that correlate field obser-
vations with climate, landform, and soil (Rollins
2019) to Mexico and Canada, and thus provide
complete and current distributions of the major
grassland types in North America (Comer et al.
2018). We condensed the 12 grassland types to four
(desert, shortgrass, mixed grass, tallgrass) prior

to analysis. The Western Great Plains Sand Prairie
did not fall neatly into one of these four classes

as it shares characteristics with several of them.
Consequently, we grouped sand prairie with mixed
grass as the two ranges were highly spatially coin-
cident. Proportions of the four major grassland
types coincident with the top 20% of GCSs ranged
from 0.2% of tallgrass prairie to 30% of desert
grassland, GCLUSs ranged from 0.5% of tallgrass
prairie to 33% of desert grassland, VGCSs ranged
from 2% of shortgrass prairie to 29% of mixed
grass prairie, and Consensus Priorities (value =

6) ranged from 0% of tall, desert, and shortgrass
prairie to 0.8% of mixed grass prairie (Fig. 4.12).

North American Grasslands and Birds Report | 2019 | 39



0.4+

0.34

0.24

0.14

0.01

Proportion Grassland Type

M ccs GCSLUS 0.41
vees M cp

0.31

0.21

0.4

GRASSLAND CONSERVATION PRIORITIES FOR TODAY AND TOMORROW

Proportion Protected

Desert Mixed
Grassland Tvbe

Figure 4.12. Bar graphs depicting
the proportion of each grassland
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Climate Strongholds (GCS),
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Tallgrass prairie had the lowest level of protected
GCSs (3%) and desert grasslands had the highest,
with 7% having some form of protection. Pro-
tected GCLUSs ranged from 9% in tallgrass prairie
to 4% in shortgrass prairie, and protected VGCSs
ranged from 9% in tallgrass prairie to 0.3% in des-
ert grassland. Approximately one third (30%) of
the Consensus Priorities (value = 6) in mixed grass
prairie were protected (Fig. 4.12).

Grasshopper Sparrow

Audubon’s high-priority regions for grassland
conservation and expansion of our Conservation
Ranching Initiative include:

1. Prairie Potholes Region, mixed, and tallgrass
prairies

2. Shortgrass prairie corridor
3. Gulf Coast prairie

4. Chihuahuan grasslands
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Table 4.3. High-priority (top 20%) acreage according to all three continental prioritizations
(Fig. 4.3a-c), the Northern Great Plains climate prioritization (Fig. 4.6a), and the Southern
Great Plains climate and land-use change prioritization (Fig. 4.9). California and Nevada are
excluded as they are outside of the study area boundaries.

Continental Continental Continental Northern Southern

Climate Only Climate & Land Use | Vulnerable Great Plains Great Plains
Arizona 555,000 670,000 12,000 NA NA
Colorado 239,000 390,000 958,000 NA 7,724,000
Kansas 481,000 522,000 655,000 NA 137,000
Missouri 0 0 1,911,000 NA NA
Montana 5.611.00 42,363,000 1,616,000 5,073,000 NA
Nebraska 0 106,000 1,646,000 8,600 0
New Mexico 21,378,000 21,689,000 206,000 NA 12,089,000
North Dakota 5,549,000 5,193,000 32,743,000 3,605,000 NA
Oklahoma 1,609,000 938,000 1,008,000 NA 2,019,000
South Dakota 0 7,247,000 15,535,000 363,000 NA
Texas 33,241,000 30,833,000 7,671,000 NA 9,858,000
Wyoming 0 5,294,000 281,000 2,000 NA

The acreage of high-ranking cells in each state

(Table 4.3) can be used as a guide for prioritizing
outreach to and enrollment of new ranches in the
initiative. Our results suggest that the top 20% of
at least one prioritization encompasses sufficient
area to grow the initiative within high-ranked sites
in every state, with the caveat that all high-ranked
sites are not necessarily available or suitable

for enrollment.

In this section, we prioritized areas for grassland
bird conservation across the central grasslands

of North America. The priorities identified are
areas predicted to be critical for many declin-

ing grassland birds that rely on North America’s
grasslands for their full annual cycle, and some are
highly vulnerable to land-use conversion. These
results will inform the expansion of Audubon’s
Conservation Ranching Initiative as well as the
Playa Lakes Joint Venture grassland conservation
implementation plan. Furthermore, these priorities
complement existing Grassland Priority Conser-
vation Areas by addressing the emerging threats
of climate change in addition to the ongoing
threat of agricultural conversion. This additional
information can guide conservation action toward
grasslands that are likely to persist over time and
provide critical climate strongholds for grassland
birds through the end of the century.
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H organizations, such as migratory bird joint ven-
Overview

tures and landscape conservation cooperatives,
are building these collaborative partnerships
between federal and state agencies; ranchers and
other private interests; tribes; NGOs; and univer-
sities to deliver habitat for grassland bird conser-
vation. It is only through cooperation that we can
protect grasslands in the face of climate change
and land conversion pressures.

According the analyses presented above, by mid-
to late-century, a significant percent of remaining
grassland bird habitat will be lost or diminished
due to the impacts of climate change and grass-
land conversion to cropland or development.

The threats facing grassland conservation are as
diverse and complex as the solutions to protect
and restore them. Furthermore, 84% of central
grasslands in the US are in private ownership

(Gauthier et al. 2003), with the rest held largely by invglve many partner.s. The following recomrlnen-
federal and state agencies. Thus, achieving con- dations provide a springboard for conservation

servation of grasslands at scale will require both action; they also'lay the.foundatlon for further
broad stakeholder engagement and fundamental development of innovative grassland management
changes in the incentives that drive agricultural solutions that address the economic drivers that

and other development in the region contribute substantially to conversion.

Long-term, viable strategies to reduce threats
must entail a diverse collection of solutions and

* Increase public investments in collaborative
conservation efforts to restore and protect
grassland ecosystems.

We found some grassland systems important
to birds to be less susceptible to climate and
conversion threats than others. These systems,
including the Prairie Potholes Region, Short-grass * Create opportunities for private investment in

Prairie Corridor, Gulf Coast Prairie, and Chihua- grassland conservation through mechanisms
huan Grasslands, represent the best opportunities like market-based incentives and landscape-

for preserving grassland birds by protecting the scale mitigation programs driven by develop-
integrity and sustainability of these stronghold ment permitting approvals.

regions through collaborative efforts. Boundary

Audubon Appleton-Whittell Research Ranch

An hour outside of Tucson, Arizona, in the heart of the Sky Island
mountains, the grasslands of Audubon Appleton-Whittell Research
Ranch (AWRR) is one of the largest sanctuaries for native animals
and plants in the southwestern United States. State and federal
government agencies, private entities and non-profit organizations,
as well as researchers from public and private universities and
research institutes come together in a cooperative partnership to
facilitate ecological research on this living laboratory. By fostering
these relationships and the biological natural diversity of the land,
AWRR contributes further understanding of this grassland ecosys-
tem in hopes of advocating for the preservation and rehabilitation
of grasslands everywhere.
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* Expand and strengthen existing policy solutions
like Sodsaver and other Farm Bill conservation
programs or reduce subsidies for ethanol (i.e.,
reforms to the Renewable Fuel Standard) to fur-
ther limit and/or remove incentives to convert
grasslands to cropland or human and energy
development.

* Provide public and private funding to under-
write collaborative processes that bring
together government agencies, private inter-
ests, tribes, non-governmental organizations
and others to collaborate on solutions across
large landscapes that balance economic and
ecological interests.

* Prioritize public funding for projects to focus
on the most critical landscapes, like those iden-
tified in this report as grassland strongholds and
grasslands that are highly vulnerable.

* Improve land management agencies’ grazing
programs to realize compatible economic and
ecological goals on public lands.

* Incorporate ecological outcomes in criteria for
technical assistance and producer certification
programs that create mutual benefits with eco-
nomic viability of the land manager.

Audubon is committed to hemispheric grass-
lands conservation through partnerships with
Birdlife International, federal and state wildlife
and agricultural conservation agencies, and other
non-governmental organizations. Our grassland
conservation strategy focuses on four key areas:

1. Technical support to private landowners and
ranchers to assist their transition to bird-friendly
management practices.

2. Enhancement and protection of critical grass-
land bird habitat through financial incentives
and acquisition of voluntary term or permanent
conservation easements.

3. Catalyze market-based incentives for grassland
conservation by empowering consumers to invest
in healthy grasslands through Audubon’s Con-
servation Ranching Initiative certification and
promote emerging markets that invest in natural
climate solutions, like soil sequestration.

4. Align federal and state policies to incentivize
grassland bird habitat protection and reduce
threats to land use conversion.

Technical Assistance

Grazing animals have played a key role in grassland
ecosystems for millennia, and grassland bird habitat
is linked to the ecological impacts of grazers on the
landscape. Vast herds of bison once were a primary
influence on a shifting mosaic of habitat types

by virtue of their movements and the natural
disturbance they cause, and cattle can be managed
in ways that mimic these important impacts.
Grazing animal density and movements can be
used to diversify habitat structure and composition,
and research is confirming that these practices
can rebuild soil organic matter, put carbon back
into soils, increase water retention and infiltration
ability of soils, increase plant diversity and nutrient
density, and lead to more productive ranchlands
(Teague et al 2016, Derner et al 2009). These
regenerative grazing practices can make grasslands
more resilient to changes in climate, especially
extreme events such as heavy rainfall and drought.

Implemented best management practices utilize
domestic livestock to benefit the grassland ecosys-
tem. By mimicking the movements and pressure
of historical grazers like bison, management can
improve soil health and drive plant diversity and
structure towards the habitat conditions of native
prairie that grassland birds prefer. This technical
assistance is a key partnership to create win-win
solutions that strengthen economic vitality of
rural communities and build healthy functioning
grassland ecosystems.

Audubon staff and consultants work with ranchers
to develop Habitat Management Plans (HMPs) tai-
lored to address site-specific habitat and bird con-
servation opportunities on ranches participating in
one of our programs. Desired outcomes of HMPs
are guided by the habitat needs of a region-specific
set of target grassland bird species, and they feature
protocols that specify practices which, when
adopted, ensure ranches are managed sustainably
to benefit these species. In addition to habitat
management practices, the protocols include a
standardized set of criteria related to forage con-
sumption, animal health & welfare, and environ-
mental sustainability. The Bird Friendliness Index
referenced in this report will help Audubon staff
and consultants work with ranchers to modify
their existing HMP, incorporating bird and eco-
system response over time to adaptively manage
their lands for increasingly beneficial outcomes.
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Conservation
Incentives and
Easements

Audubon will conserve 1 million acres of critically
endangered grassland and wetland habitat by
2022 through a matrix of strategic grassland
enhancement, restoration, and protection using
conservation incentives and easements. Audubon
will focus conservation efforts to support endan-
gered and threatened grassland and wetland
dependent species such as Whooping Crane,
Sandhill Crane, Northern Pintail, Black Tern,
Greater Prairie-Chicken, and Western Meadowlark.
At the core of the Northern Great Plains, the Prai-
rie Pothole Region (PPR) gets its name from the
millions of shallow depressions left behind from
ancient receding glaciers and associated tall and
mixed grass prairies. These prairie potholes are
wetlands rich in aquatic plants and wildlife, and
support globally significant populations of breeding

waterfowl, shorebirds, and grassland obligate
birds. Since the vast majority of land within the
PPR is privately owned, it is crucial that conserva-
tion organizations partner with landowners to pro-
tect this critical migratory and breeding habitat for
Audubon’s priority bird species. Additionally, the
PPR also represents the most important monarch
butterfly, honey bee, and native bee habitat in the
US (Evans et al. 2018).

Piloted in North Dakota, Audubon provides
cost-share opportunities to private landowners
for grazing infrastructure (perimeter and cross
fencing, water wells, pipelines, etc.), invasive
species removal/control, and prairie restoration/
reconstruction. Program enroliment requires land-
owners to conserve their grasslands between 5 to
10 years, depending on the conservation practices
implemented. Site-specific data for avian and veg-
etation communities is collected and incorporated
into HMPs that Audubon staff develop with land-
owners to determine the impacts of the applied
land management. This program provides unique
grassland management assistance not previously

The Wolsey Crane Stopover Important Bird Area

During fall migration, Sandhill Cranes stop for extended periods in the
northern Prairie Pothole Region of North America before continuing
southward to wintering grounds. During the months of September
and October, cranes “stage” in areas of eastern Alberta, Saskatchewan,
Manitoba, North Dakota, South Dakota and northwestern Minnesota.
To protect fall migration habitat utilized by cranes in North Dakota,
Audubon partnered with the US Fish and Wildlife Service Partners for
Fish and Wildlife, ND Game and Fish Department, Ducks Unlimited,
ND Wildlife Federation, and private donors. These partnerships have
led to the protection of private acres that experience levels of high
use by Sandhill Cranes during fall migration through the acquisition
of conservation easements.

The Wolsey Crane Stopover Important Bird Area (IBA) covers 1.6 million
acres in east central South Dakota. Almost a quarter of the world’s
population of Sandhill Cranes arrives and utilizes the high quality

wetlands, grasslands, and croplands of the area to rest and forage each
spring. Phase | & Il of the South Dakota Wolsey IBA Habitat Conservation
Project focus on protecting over 3,000 acres through perpetual

easements on privately owned land within the Wolsey IBA. Partnerships
with US Fish and Wildlife Service, Ducks Unlimited, and South Dakota
Game, Fish, and Parks, and private donors have been central to receiving
project funding through the North American Wetland Conservation Act.
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supported by other conservation entities, which
has encouraged program expansion into other
parts of the Northern Great Plains.

To protect migration habitat of our priority bird
species, partnerships are at the heart of Audu-
bon’s working lands conservation strategy. These
partners include, but are not limited to, US Fish
and Wildlife Service (USFWS), USFWS Partners
for Fish and Wildlife, North and South Dakota
Game and Fish Department, Ducks Unlimited, ND
Wildlife Federation, and private donors. Audu-
bon’s conservation strategy will be implemented
through grassland enhancement cost share
programs, conservation easements, and incen-
tive-based habitat programs.

Market-based
Incentives

Audubon’s Conservation Ranching Initiative uses
an innovative, market-based approach to connect
conservation-conscious consumers to ranchers
who employ bird-friendly management practices
in raising their livestock. The program addresses
loss in ecosystem function and health through the
conservation of focal bird species and the habitats
they depend upon. It incentivizes bird-friendly
livestock management practices, emphasizing
regenerative grazing approaches that improve
soil health, diversify habitat structure, and ensure
environmental sustainability. These then benefit
the livestock, birds, pollinators, and other wildlife
that depend on grasslands.

When ranches demonstrate full compliance with
Audubon-approved HMPs and other requirements
specified in the protocols during third-party
audits, they receive full certification and can use
the “Grazed on Audubon-Certified Bird-Friendly
Land” certification mark on product packaging,
websites, or other promotional materials. Audu-
bon staff assist in connecting certified ranches

to branded companies, restaurants and retailers
to encourage self-sustaining markets that will
incentivize continued program participation into
the future. Currently, nearly 2 million acres and 65
ranches across 11 states are participating in the
program, with more in the pipeline. Audubon’s
goal is to have 2.5 million acres enrolled by the

end of 2020. Products carrying the Audubon
certification seal are currently available in 26
retailers and 12 restaurants across 7 states and 11
companies that sell online. This too is growing. By
engaging and educating consumers, the program
has the potential to change the way that we man-
age livestock on the land, providing a new, mar-
ket-based path toward ecological sustainability.

Enrolling new ranches depends on several factors,
primarily the willingness of ranchers to partici-
pate in this voluntary initiative and their ability

to implement changes in their management. This
often includes structural improvements to fencing
and watering facilities to move cattle or bison in
new or different ways. Access to financial assis-
tance from NRCS programs like EQIP can provide
critical support to enable ranchers to manage their
lands to support bird habitat. Where possible,
Audubon will prioritize bringing ranches under
bird-friendly habitat management plans within
the priority areas identified in this report. Cur-
rently, approximately 57% of the enrolled acres
overlap with these priority areas in the central
grassland region.

Markets are now emerging that pay ranchers

to preserve and manage their grasslands and

lock carbon into the soil. The agricultural sector
represents 9% of global greenhouse gas emissions
(www.epa.gov), but there is growing evidence
that soils on agricultural lands, especially grass-
lands, can store considerable CO, and serve as

an important solution to meeting climate change
objectives (Chambers et al. 2016). This market

is new, but methods and protocols have been
developed to measure carbon sequestration rates,
generate credits and verify results, and trans-
actions have occurred whereby landowners sell
carbon sequestration credits in voluntary markets.
The management practices that sequester carbon
into soils on ranches also have the co-benefits

of delivering healthy habitats for wildlife and
more nutrient-rich food for livestock. Audubon is
exploring how it can best facilitate this market and
provide landowners with an additional financial
incentive that produces results beneficial to pro-
tecting grasslands.

By using market-based incentives, Audubon’s Con-
servation Ranching Initiative can collaborate with
ranchers to enhance and restore millions of acres
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of grassland bird habitat by empowering consum-
ers to participate in conservation efforts that keep
ranchers on the land and healthy grasslands on
the landscape. Audubon will prioritize enrolling
ranches located as within the conservation prior-
ities identified in this report (Figure 4.10D) that
help protect existing grassland strongholds and
vulnerable areas.

Federal and State
Policies

Conversion to row crop agriculture, urban
development, oil and gas development, and fire
suppression accompanied by woody encroach-
ment are the primary causes of native prairie
habitat loss. In order to reduce future grassland
conversion, Audubon will pursue a proactive
policy strategy at the federal and state levels that
incentivize grassland conservation and discourage
excessive conversion practices. The primary levers
for success is productive, conservation-minded
Farm Bill policies and programs as well as funding
to implement State Wildlife Action Plans.

Farm Bill

Birds thrive in places with abundant food and
shelter, like national wildlife refuges, state forests,
and other large, wild tracts of public land. With
more than two-thirds of the contiguous US pri-
vately-owned, what happens on our nation’s 914
million acres of farms and ranches and 300 million
acres of private woodlands is critical for North
American birds and other wildlife. The largest
federal funding source for conservation on those
lands is the Farm Bill. Every five years, Congress
rewrites our nation’s agriculture policy to set initial
funding levels and make policy changes in the
Farm Bill, which covers an array of farm-related
programs including commodity, trade, nutrition,
and more. Within the Farm Bill, the conservation
and forestry titles consist of programs focusing on
restoring soils, protecting waterways and enhanc-
ing wildlife habitat on private lands. Through these
programs, billions of dollars go to agricultural
producers and private landowners each year

to incorporate conservation practices into their
operations that improve water quality, soil health,
air quality, and wildlife habitat. This assistance

is critical to maintaining wetlands, grasslands,

and other fragile lands available as habitat for
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the birds and other wildlife that call them home.

In 2015 alone, almost 9 million acres of wildlife
habitat were improved. Audubon was successful

in working to secure passage of the 2018 Farm Bill
reauthorization in December 2018 that expands
funding for, and improves access to several key
programs that will benefit birds and other wildlife
through Audubon partnerships across our Working
Lands initiatives.

State Wildlife Action Plans

Unless a species is protected by the federal
Endangered Species Act, each state has respon-
sibility for oversight of the fish and wildlife within
their borders. Each state’s fish and wildlife agency
has developed a State Wildlife Action Plan which
identifies imperiled species in the state and
describes actions to assist in their recovery and
protection. More than 8,000 species are cur-
rently identified through these plans as in need

of proactive conservation activities. These Action
Plans assess the health of wildlife and habitat in
the state so experts know which species are at
risk, and outline steps needed to conserve the
“species of greatest conservation need” before
they become more rare and costly to protect. The
State Wildlife Grants Program is currently the main
source of federal funding for states and territo-
ries as they implement these plans; however, it
currently provides only $70 million among all 50
states and territories, which is not nearly enough
to take the actions necessary to recover and pro-
tect imperiled species. Adequately funding imple-
mentation of State Wildlife Action Plans across
the Great Plains would provide critical support for
grassland conservation for the birds and people
who depend on this important landscape.

Aplomado Falcon

Final Conclusions

Prairies and grasslands are a largely forgotten and
misunderstood landscape of the Americas, yet
they are critically important to our nation’s eco-
nomic health, natural heritage, rural economies,
and food security. There is no doubt that the chal-
lenges we face in protecting these grassland eco-
systems are significant. The intent of this report
and Audubon’s recommendations is to bring light
to this important issue and to inspire change

that has meaningful impact on both our natural
resources and future economic prosperity.

North American Grasslands and Birds Report | 2019 | 48



References




REFERENCES

Abrams, M. D. (1985). Fire History of Oak Gallery
Forests in a Northeast Kansas Tallgrass Prairie.
American Midland Naturalist 114:188.

Albertson, F. W. (1937). Ecology of Mixed Prairie
in West Central Kansas. Ecological Monographs
7:481-547.

Anderson, R. C. (2006). Evolution and origin of the
Central Grassland of North America: climate, fire,
and mammalian grazers. The Journal of the Torrey
Botanical Society 133:626-647.

Askins, R. A., F. Chavez-Ramirez, B. C. Dale, C. A.
Haas, J. R. Herkert, F. L. Knopf, and P. D. Vickery
(2007). Conservation of grassland birds in North
America: understanding ecological processes in
different regions.

Balmford, A., L. Bennun, B. Ten Brink, D. Cooper,
|. M. Coté, P. Crane, A. Dobson, N. Dudley, |. Dutton,
and R. E. Green (2005). The convention on biologi-
cal diversity’s 2010 target. Science 307:212-213.

Barbaro, L., B. Giffard, Y. Charbonnier, |. Halder, and
E. G. Brockerhoff (2014). Bird functional diversity
enhances insectivory at forest edges: a transcon-
tinental experiment. Diversity and Distributions
20:149-159.

Bartuszevige, A. M., K. Taylor, A. Daniels, and

M. F. Carter (2016). Landscape design: Integrating
ecological, social, and economic considerations
into conservation planning: Landscape Design.
Wildlife Society Bulletin 40:411-422.

Bird Conservancy of the Rockies (2017). Integrated
Monitoring in Bird Conservation Regions (IMBCR)
Program. [Online.] Available at https://birdcon-
servancy.org/what-we-do/science/monitoring/
imbcr-program/.

Blackburn, J., H. Mooiweer, M. Parks, and A. Hutson
(2018). The Soil Value Exchange: Unlocking nature’s
value via the market. Bulletin of the Atomic Scien-
tists 74:162-169.

Brennan, L. A., and W. P. Kuvlesky (2005). North
American grassland birds: An unfolding conserva-
tion crisis? Journal of Wildlife Management 69:1-13.

Briggs, J. M., A. K. Knapp, J. M. Blair, J. L. Heisler, G.
A.Hoch, M. S. Lett, and J. K. McCARRON (2005).
An Ecosystem in Transition: Causes and Conse-
quences of the Conversion of Mesic Grassland to
Shrubland. BioScience 55:243.

Brockway, D. G., R. G. Gatewood, and R. B. Paris
(2002). Restoring fire as an ecological process in
shortgrass prairie ecosystems: initial effects of pre-
scribed burning during the dormant and growing
seasons. Journal of Environmental Management
65:135-152.

Capellan-Pérez, I., M. Gonzalez-Eguino, I. Arto, A.
Ansuategi, K. Dhavala, P. Patel, and A. Markandya
(2014). New climate scenario framework implemen-
tation in the GCAM integrated assessment model.

Carignan, V., and M.-A. Villard (2002). Selecting
indicator species to monitor ecological integrity: a
review. Environmental monitoring and assessment
78:45-61.

Carroll, C., J. R. Dunk, and A. Moilanen (2010). Opti-
mizing resiliency of reserve networks to climate
change: multispecies conservation planning in the
Pacific Northwest, USA. Global Change Biology
16:891-904.

Chambers, A, R. Lal, and K. Paustian (2016). Soil
carbon sequestration potential of US croplands
and grasslands: Implementing the 4 per Thousand
Initiative. Journal of Soil and Water Conservation
71:68A-74A.

Changnon, S., K. Kunkel, and D. Winstanley (2002).
Climate Factors that Caused the Unique Tall Grass
Prairie in the Central United States. Physical Geog-
raphy 23:259-280.

Chen, Y., G. W. Marek, T. H. Marek, J. E. Moor-
head, K. R. Heflin, D. K. Brauer, P. H. Gowda, and
R. Srinivasan (2018). Assessment of Alternative
Agricultural Land Use Options for Extending the
Availability of the Ogallala Aquifer in the Northern
High Plains of Texas. Hydrology 5:53.

Collins, S. L. (2000). Disturbance frequency and
community stability in native tallgrass prairie. The
American Naturalist 155:311-325.

Comer, P. J., J. C. Hak, K. Kindscher, E. Muldavin,
and J. Singhurst (2018). Continent-Scale Landscape
Conservation Design for Temperate Grasslands of
the Great Plains and Chihuahuan Desert. Natural
Areas Journal 38:196-211.

Conner, R., A. Seidl, L. VanTassell, and N. Wilkins
(20071). United States Grasslands and Related
Resources: An Economic and Biological Trends
Assessment. Texas A&M Natural Resoures Institute.
Cook, B. 1., T. R. Ault, and J. E. Smerdon (2015).

Unprecedented 21st century drought risk in the
American Southwest and Central Plains. Science
Advances 1.

Copeland, H. E., A. Pocewicz, and J. M. Kiesecker
(2011). Geography of energy development in west-
ern North America: potential impacts on terrestrial
ecosystems. In Energy development and wildlife
conservation in Western North America. Springer,
pp. 7-22.

Correll, M. D., E. H. Strasser, A. W. Green, and A.
0. Panjabi (2019). Quantifying specialist avifaunal
decline in grassland birds of the Northern Great
Plains. Ecosphere 10:e02523.

Cotera, M., and et al. (2004). Ecoregional Con-
servation Assessment of the Chihuahuan Desert.
Pronatura Noreste, The Nature Conservancy, and
World Wildlife Fund.

Derner, J. D., W. K. Lauenroth, P. Stapp, and D.

J. Augustine (2009). Livestock as ecosystem
engineers for grassland bird habitat in the western
Great Plains of North America. Rangeland Ecology
& Management 62:111-118.

Dinerstein, E., D. Olson, J. Atchley, C. Loucks, S.
Contreras-Balderas, R. Abell, E. Iiigo, E. Enkerlin, C.
Williams, and G. Castilleja (Editors) (2000).

Ecoregion-Based Conservation in the Chihuahuan
Desert. World Wildlife Fund, Comision National
para el Conocimiento y Uso de la Biodiversidad
(CONABIO), The Nature Conservancy, PRONATURA
Noreste, and the Instituto Tecnologico y de Estudios
Superiores de Monterrey (ITESM), Washington D.C.

Dixon, A. P., D. Faber-Langendoen, C. Josse,

J. Morrison, and C. J. Loucks (2014). Distribution
mapping of world grassland types. Journal of
Biogeography 41:2003-2019.

Environmental Protection Agency (EPA) (2013).
Level Il ecoregions of the continental United States.
[Online.] Available at https://www.epa.gov/eco-re-
search/level-iii-and-iv-ecoregions-continental-unit-
ed-states.

Evans, E., M. Smart, D. Cariveau, and M. Spivak
(2018). Wild, native bees and managed honey bees
benefit from similar agricultural land uses. Agricul-
ture, Ecosystems & Environment 268:162-170.

Fedy, B. C., J. H. Devries, D. W. Howerter, and

J. R. Row (2018). Distribution of priority grassland
bird habitats in the Prairie Pothole Region of Can-
ada. Avian Conservation and Ecology 13.

Fischer, J., D. B. Lindenmayer, S. P. Blomberg,

R. Montague-Drake, A. Felton, and J. A. Stein
(2007). Functional Richness and Relative Resilience
of Bird Communities in Regions with Different Land
Use Intensities. Ecosystems 10:964-974.

Flynn, A., A. Gage, C. Boles, B. Lord, D. Schlea,
S. Olimb, T. Redder, and W. Larson (2017). Quan-
tifying the Environmental Benefits of Conserving
Grassland. Journal of Management

and Sustainability 7:p65.

Fuhlendorf, S. D., and D. M. Engle (2001). Restoring
Heterogeneity on Rangelands: Ecosystem Manage-
ment Based on Evolutionary Grazing Patterns: We
propose a paradigm that enhances heterogeneity
instead of homogeneity to promote biological
diversity and wildlife habitat on rangelands grazed
by livestock. BioScience 51:625-632.

Gage, A. M., S. K. Olimb, and J. Nelson (2016).
Plowprint: Tracking Cumulative Cropland Expan-
sion to Target Grassland Conservation. Great Plains
Research 26:107-116.

Gauthier, D. A., Q. Commission for Environmental
Cooperation (Montréal, University of Regina, and
Canadian Plains Research Center (2003).

Grasslands: toward a North American conservation
strategy. Commission for Environmental Coopera-
tion; Canadian Plains Research Centere, University
of Regina, Montréal, Québec, Canada; Regina, Sask.

Goyert, H. F,, B. Gardner, R. Sollmann, R. R. Veit,
A.T. Gilbert, E. E. Connelly, and K. A. Williams
(2016). Predicting the offshore distribution and
abundance of marine birds with a hierarchical
community distance sampling model. Ecological
Applications. https://doi.org/10.1890/15-1955.1

Grand, J., C. Wilsey, J. X. Wu, and N. L. Michel
(2019). The future of North American grassland
birds: Incorporating persistent and emergent
threats into full annual cycle conservation priorities.
Conservation Science and Practice 1:e20.

Helms, J. D. (1985). Brief History of the USDA Soil
Bank Program. Natural Resources Conservation
Service, US Department of Agriculture.

Hijmans, R. J., S. Phillips, J. Leathwick, and J. Elith
(2017). dismo: Species Distribution Modeling.

North American Grasslands and Birds Report | 2019 | 50



REFERENCES

Hoekstra, J. M., T. M. Boucher, T. H. Ricketts, and
C. Roberts (2004). Confronting a biome crisis:
global disparities of habitat loss and protec-
tion: Confronting a biome crisis. Ecology Letters
8:23-29.

Houston, C. S., and D. E. Bowen, Jr. (2011). Upland
Sandpiper (Bartramia longicauda). The Birds of
North America Online. https://doi.org/10.2173/
bna.580

Hypoxia Task Force (HTF) (2015). Mississippi River/
Gulf of Mexico Watershed Nutrient Task Force, 2015
Report to Congress. 98.

IPCC (2013). Summary for Policymakers. In Climate
Change 2013: The Physical Science Basis.

Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel
on Climate Change (T. F. Stocker, D. Qin, G.-K.

Plattner, M. Tignor, S. K. Allen, A. Boschung,
A. Nauels, Y. Xia, V. Bex and P. M. Midgley, Editors).
Cambridge University Press, Cambridge, United

Kingdom and New York, NY, USA.

Johnson, R. R., D. A. Granfors, N. D. Niemuth, M. E.
Estey, and R. E. Reynolds (2010). Delineating Grass-
land Bird Conservation Areas in the U.S.

Prairie Pothole Region. Journal of Fish and Wildlife
Management 1:38-42.

Karl, J. W., and J. Hoth (2005). North American
Grassland Priority Conservation Areas: Technical
Report and Documentation.

Kim, J. H., E. G. Jobbdgy, and R. B. Jackson (2016).
Trade-offs in water and carbon ecosystem services
with land-use changes in grasslands. Ecological
Applications 26:1633-1644.

Knapp, A. K., J. M. Blair, J. M. Briggs, S. L. Collins, D.
C. Hartnett, L. C. Johnson, and E. G. Towne (1999).
The Keystone Role of Bison in North American
Tallgrass Prairie. BioScience 49:39.

Knopf, F. L. (1994). Avian assemblages on altered
grasslands. Studies in Avian Biology 15:11.

Knutti, R., and J. Sedlacek (2013). Robustness and
uncertainties in the new CMIP5 climate model pro-
jections. Nature Climate Change 3:369-373.

Kreuter, U. P, A. D. lwaasa, G. L. Theodori, R. J.
Ansley, R. B. Jackson, L. H. Fraser, M. A. Naeth, S.
McGillivray, and E. G. Moya (2016). State of knowl-
edge about energy development impacts on North
American rangelands: An integrative approach.

Journal of environmental management 180:1-9.
Landres, P. B., J. Verner, and J. W. Thomas (1988).
Ecological uses of vertebrate indicator species: a
critique. Conservation biology 2:316-328.

Langham, G. M,, J. G. Schuetz, T. Distler, C. U.
Soykan, and C. B. Wilsey (2015). Conservation Sta-
tus of North American Birds in the Face of Future
Climate Change. PLoS ONE 10.

Lark, T. J., J. M. Salmon, and H. K. Gibbs (2015).
Cropland expansion outpaces agricultural and
biofuel policies in the United States. Environmental
Research Letters 10:044003.

Leathwick, J. R., A. Moilanen, S. Ferrier, and K.
Julian (2010). Complementarity-based conserva-
tion prioritization using a community classification,
and its application to riverine ecosystems. Biologi-
cal Conservation 143:984-991.

Levin, K., and T. Fransen (2015). INSIDER: Why
Are INDC Studies Reaching Different Temperature
Estimates? | World Resources Institute. [Online.]
Available at http://www.wri.org/blog/2015/11/
insider-why-are-indc-studies-reaching-differ-
ent-temperature-estimates.

Li, X., L. Yu, T. Sohl, N. Clinton, W. Li, Z. Zhu, X. Liu,
and P. Gong (2016). A cellular automata downscal-
ing based Tkm global land use datasets (2010-
2100). Science Bulletin 61:1651-1661.

Loarie, S. R., P. B. Duffy, H. Hamilton, G. P. Asner,
C. B. Field, and D. D. Ackerly (2009). The velocity
of climate change. Nature 462:1052-1055.

Mac, M. J., P. A. Opler, C. E. Puckett Haecker, and

P. D. Doran (1998). Status and trends of the nation’s
biological resources. U.S. Dept. of the Interior, U.S.
Geological Survey ; For sale by the Supt. of Docs.,
U.S. G.P.O, Fort Collins, CO : Washington, DC.

Macias-Duarte, A., A. Panjabi, and G. Levando-
ski (2011). Wintering Grassland Bird Densities in
Chihuahuan Desert Grassland Priority Conservation

Areas, 2007-2011. Rocky Mountain Bird Observatory.

McGranahan, D. A, D. M. Engle, B. J. Wilsey, S. D.
Fuhlendorf, J. R. Miller, and D. M. Debinski (2012).
Grazing and an invasive grass confound spatial
pattern of exotic and native grassland plant species
richness. Basic and Applied Ecology 13:654-662.

McGuire, J. L., J. J. Lawler, B. H. McRae, T. A.
Nufiez, and D. M. Theobald (2016). Achieving
climate connectivity in a fragmented landscape.
Proceedings of the National Academy of Sciences
113:7195-7200.

Millenium Ecosystem Assessment (MEA) (2005).
Ecosystems and human well-being: syntheses.
Island Press, Washington D.C.

Moilanen, A., V. Veach, J. Meller, J. Leppanen,

F. M. Pouzols, H. Kujala, and A. Arponen (2014).
Zonation Spatial Conservation Planning Framework
and Software v. 4.0, User manual.

Morefield, P. E., S. D. LeDuc, C. M. Clark, and

R. lovanna (2016). Grasslands, wetlands, and agri-

culture: the fate of land expiring from the Conser-

vation Reserve Program in the Midwestern United

States. Environmental Research Letters 11:094005.

Moss, R. H., J. A. Edmonds, K. A. Hibbard, M. R.
Manning, S. K. Rose, D. P. van Vuuren, T. R. Carter,
S. Emori, M. Kainuma, T. Kram, G. A. Meehl, et

al. (2010). The next generation of scenarios for
climate change research and assessment. Nature
463:747-756.

Myers, N., R. A. Mittermeier, C. G. Mittermeier,

G. A. B. da Fonseca, and J. Kent (2000). Biodiver-
sity hotspots for conservation priorities. Nature
403:853-858.

National Audubon Society (no date). Conservation
Ranching: Saving birds on America’s working lands.
[Online.] Available at https://www.audubon.org/
conservation/ranching.

National Park Service (NPS) (2017). Tallgrass Prairie
National Preserve. Plants at the preserve. [Online.]
Available at https://www.nps.gov/tapr/learn/
nature/plants-at-the-preserve.htm.

Nelson, D. M., F. S. Hu, E. C. Grimm, B. B. Curry, and
J. E. Slate (2006). The Influence of Aridity and Fire
on Holocene Prairie Communities in the Eastern
Prairie Peninsula. Ecology 87:2523-2536.

North American Bird Conservation Initiative (2013).
The State of the Birds 2013 report on private lands.
US Department of Interior, Washington, DC.

North American Bird Conservation Initiative
(NABCI) (2016). The State of the Birds 2016. U.S.
Department of Interior, Washington D.C.

North American Bird Conservation Initiative
(NABCI) (2017). The State of the Birds 2017. U.S.
Department of Interior, Washington D.C.

Nuttle, T., A. Leidolf, L. W. Burger, and B. Loiselle
(2003). Assessing conservation value of bird com-
munities with partners in flight-based ranks.

The Auk 120:541-549.

Ojima, D. S., D. S. Schimel, W. J. Parton, and C. E.
Owensby (1994). Long-and short-term effects of
fire on nitrogen cycling in tallgrass prairie. Biogeo-
chemistry 24:67-84.

Olimb, S. K., and B. Robinson (2019). Grass to grain:
Probabilistic modeling of agricultural conversion

in the North American Great Plains. Ecological
Indicators 102:237-245.

Pool, Duane, and Panjabi, Arvind (2011). Assess-
ment and Revisions of North American Grassland
Priority Conservation Areas. Background Paper.
Commission for Environmental Cooperation.

Rayfield, B., A. Moilanen, and M.-J. Fortin (2009).
Incorporating consumer-resource spatial inter-
actions in reserve design. Ecological Modelling
220:725-733.

Reinking, D. L. (2005). Fire regimes and avian
responses in the central tallgrass prairie. Studies in
Avian Biology 30:116.

Renfrew, Rosalind, A. M. Strong, N. G. Perlut,

S. G. Martin, and T. A. Gavin (2015). Bobolink (Doli-
chonyx oryzivorus), version 2.0. Cornell Lab

of Ornithology.

Rollins, M. (2009). LANDFIRE: A nationally consis-
tent vegetation, wildland fire, and fuel assessment.
International Journal of Wildland Fire 18:235-249.

Rosenberg, K. V., J. A. Kennedy, R. Dettmers,

R. P. Ford, D. Reynolds, J. D. Alexander, C. J. Beard-
more, P. J. Blancher, R. E. Bogart, and G. S. Butcher
(2016). Partners in flight landbird conservation
plan: 2016 revision for Canada and continental
United States. Partners in Flight Science Committee.

Samson, F. B, F. L. Knopf, and W. R. Ostlie (2004).
Great Plains ecosystems: past, present, and future.
Wildlife Society Bulletin 32:6-15.

Samson, F., and F. Knopf (1994). Prairie Conserva-
tion in North America. BioScience 44:418-421.

North American Grasslands and Birds Report | 2019 | 51



REFERENCES

Sauer, J. R., W. A. Link, J. E. Fallon, K. L. Pardieck,
and D. J. Ziolkowski (2013). The North American
Breeding Bird Survey 1966-2011: Summary Analysis
and Species Accounts. North American Fauna
79:1-32.

Sauer, J. R., D. K. Niven, J. E. Hines, D. J. Ziolkowski,
K. L. Pardieck, J. E. Fallon, and W. A. Link (2017).
The North American Breeding Bird Survey, Results
and Analysis 1966-2015. Version 2.07.2017. USGS
Patuxent Wildlife Research Center, Laurel, MD.

Scavia, D., I. Bertani, D. R. Obenour, R. E. Turner, D.
R. Forrest, and A. Katin (2017). Ensemble modeling
informs hypoxia management in the northern Gulf

of Mexico. Proceedings of the National Academy of
Sciences 114:8823-8828.

Schuetz, J. G., G. M. Langham, C. U. Soykan, C. B.
Wilsey, T. Auer, and C. C. Sanchez (2015). Making
spatial prioritizations robust to climate change
uncertainties: a case study with North American
birds. Ecological Applications 25:1819-1831.

Sekercioglu, C. H., D. G. Wenny, and C. J. Whelan
(2016). Why Birds Matter. University of Chicago
Press, Chicago, IL, USA.

Simberloff, D. (1998). Flagships, umbrellas, and
keystones: is single-species management passé
in the landscape era? Biological conservation
83:247-257.

Sohl, T., J. Dornbierer, S. Wika, K. Sayler, and

R. Quenzer (2017). Parcels versus pixels: modeling
agricultural land use across broad geographic
regions using parcel-based field boundaries.
Journal of Land Use Science 12:197-217.

Sohl, T. L., J. M. Dornbierer, and S. Wika (2018). 33
high-resolution scenarios of land use and vegeta-
tion change in the Great Plains Landscape Conser-
vation Cooperative region. [Online.] Available at
https://www.sciencebase.gov/catalog/item/59f-
c7d9be4b0531197b2ea75.

Sohl, T. L., R. R. Reker, M. A. Bouchard, K. L. Sayler,
J. Dornbierer, S. Wika, R. Quenzer, and A. M. Friesz
(2016). Modeled historical land use and land cover
for the conterminous United States. Journal of Land
Use Science 11:476-499.

Sélymos, P., S. M. Matsuoka, E. M. Bayne, S. R. Lele,
P. Fontaine, S. G. Cumming, D. Stralberg, F. K. A.
Schmiegelow, and S. J. Song (2013). Calibrating
indices of avian density from non-standardized
survey data: making the most of a messy situation.
Methods in Ecology and Evolution 4:1047-1058.

Somershoe, S. G. (Editor) (2018). A Full Annu-
al-Cycle Conservation Strategy for Sprague’s Pipit,
Chestnut-collared and McCown’s Longspurs, and
Baird’s Sparrow. U.S. Department of Interior, Fish
and Wildlife Service, Washington D.C.

Soykan, C. U., J. Sauer, J. G. Schuetz, G. S. LeBaron,
K. Dale, and G. M. Langham (2016). Population
trends for North American winter birds based on
hierarchical models. Ecosphere 7:e01351.

Spencer, D., D. Haukos, C. Hagen, M. Daniels, and
D. Goodin (2017). Conservation Reserve Program
mitigates grassland loss in the lesser prairie-
chicken range of Kansas. Global Ecology and
Conservation 9:21-38.

Stanton, R. L., C. A. Morrissey, and R. G. Clark
(2018). Analysis of trends and agricultural drivers
of farmland bird declines in North America: A
review. Agriculture, Ecosystems & Environment
254:244-254,

Steenhof, K. (2013). Prairie Falcon (Falco mexi-
canus), version 2.0. In The Birds of North American
(A.F. Poole, Editor). Cornell Lab of Ornithology,
Ithaca, NY.

Stephens, S. E., J. A. Walker, D. R. Blunck,

A. Jayaraman, D. E. Naugle, J. K. Ringelman, and
A. J. Smith (2008). Predicting Risk of Habitat Con-
version in Native Temperate Grasslands. Conserva-
tion Biology 22:1320-1330.

Teague, W. R,, S. Apfelbaum, R. Lal, U. P. Kreuter, J.
Rowntree, C. A. Davies, R. Conser, M. Rasmussen, J.
Hatfield, and T. Wang (2016). The role of ruminants
in reducing agriculture’s carbon footprint in North
America. Journal of Soil and Water Conservation
71:156-164.

Texas Parks & Wildlife (2017). Texas Ecoregions.
[Online.] Available at https://tpwd.texas.gov/
education/hunter-education/online-course/wild-
life-conservation/texas-ecoregions.

United Nations (2015). Paris Agreement. [Online.]
Available at http://unfccc.int/files/essential_back-
ground/convention/application/pdf/english_paris_
agreement.pdf.

United States Forest Service (USFS) (2018).
National Grasslands. USDA Forest Service National
Grasslands. [Online.] Available at https://www.
fs.fed.us/grasslands/.

US Fish & Wildlife Service (USFWS) (2014). Sand
Lake National Wildlife Refuge. [Online.] Available
at https://www.fws.gov/refuge/Sand_Lake/about.
html.

US Fish & Wildlife Service (USFWS) (2018). 2018
Annual Lands Report Data Tables [Online]. [Online.]
Available at https://www.fws.gov/refuges/land/
LandReport.html.

US Geological Survey (USGS) (2017). Climate Maps
of the United States.The National Map. [Online.]
Available at https://nationalmap.gov/small_scale/
printable/climatemap.html.

Veloz, S., L. Salas, B. Altman, J. Alexander,

D. Jongsomijit, N. Elliott, and G. Ballard (2015).
Improving effectiveness of systematic conservation
planning with density data: Improving Systematic
Conservation Planning. Conservation Biology
29:1217-1227.

Vickery, P. D., J. R. Herkert, F. L. Knopf, J. Ruth, and
C. E. Keller (2000). Grassland birds: An overview of
threats and recommended management strategies.
USDA Forest Service Proceedings, Washington D.C.
van Vuuren, D. P,, J. Edmonds, M. Kainuma, K. Riahi,
A. Thomson, K. Hibbard, G. C. Hurtt, T. Kram, V.
Krey, J.-F. Lamarque, T. Masui, et al. (2011). The rep-
resentative concentration pathways: an overview.
Climatic Change 109:5-31.

Warhurst, R. (2011). Grasslands for tomorrow - A
Model for Protecting the Prairie and Wetland
Ecosystem. America’s Grasslands: Status, Threats,
and Opportunities. Proceedings of the 1st Biennial
Conference on the Conservation of America’s
Grasslands.

Weaver, J. (1968). Prairie Plants and their Environ-
ment. Papers of John E. Weaver (1884-1956).
Webb, W. P. (1931). The Great Plains. University of

Nebraska Press.

Wilcox, B. P, D. Le Maitre, E. Jobbagy, L. Wang, and
D. D. Breshears (2017). Ecohydrology: processes
and implications for rangelands. In Rangeland
systems (D. D. Briske, Editor). Springer Science+
Business Media, New York, NY.

Wilman, H., J. Belmaker, J. Simpson, C. de la Rosa,
M. M. Rivadeneira, and W. Jetz (2014). EltonTraits
1.0: Species-level foraging attributes of the world’s
birds and mammals. Ecology 95:2027-2027.

Wilsey, C., C. Jensen, and N. Miller (2016). Quan-
tifying avian relative abundance and ecosystem
service value to identify conservation opportunities
in the Midwestern U.S. Avian Conservation and
Ecology 11.

Wilsey, C., L. Taylor, B. Bateman, C. Jensen,

N. Michel, A. Panjabi, and G. Langham (2019).
Climate policy action needed to reduce vulnerabil-
ity of conservation-reliant grassland birds in North
America. Conservation Science and Practice T:e21.

Wimberly, M. C., D. M. Narem, P. J. Bauman, B.

T. Carlson, and M. A. Ahlering (2018). Grassland
connectivity in fragmented agricultural landscapes
of the north-central United States. Biological Con-
servation 217:121-130.

World Wildlife Fund (WWF) (2018a). Terrestrial
Ecoregions. [Online.] Available at https://www.
worldwildlife.org/biome-categories/terrestri-
al-ecoregions.

World Wildlife Fund (WWF) (2018b). The Plowprint
Report 2018. World Wildlife Fund.

Wright, C. K., B. Larson, T. J. Lark, and H. K. Gibbs
(2017). Recent grassland losses are concentrated
around U.S. ethanol refineries. Environmental
Research Letters 12:044001.

Yu, Z., and C. Lu (2017). Historical cropland
expansion and abandonment in the continental U.S.
during 1850 to 2016. Global Ecology and Biogeog-
raphy: 1-12.

PHOTO CREDITS

(Cover) iStock.com/ Raymond Hennessy;

2, 47 Evan Barrientos/Audubon; 3, 17 Bobcat Ranch.
Photo: Dash Weidhofer; 3, 6 Greater Prairie Chicken.
Photo: Ly Dang/Audubon Photography Awards;

3,18 Chestnut- collared Longspur. Photo: Rick Bohn/
USFWS Mountain Prairie (CC BY 2.0); 3, 23 Short-eared
Owl. Photo: Mukul Soman/Audubon Photography
Awards; 3, 28 Bobolink. Photo: Phil Hauck/(CC BY-
NC-ND 2.0); 3, 42 Horned Lark. Photo: Gregory Smith
(CC BY-NC-ND 2.0); 4 Mike Fernandez/Audubon; 5 Evan
Barrientos/Audubon; 8 Phil Hauck/(CC BY-NC-ND 2.0);
10 Ruhikanta Meetei/Audubon Photography Awards; 11
Rick Bohn/USFWS Mountain Prairie (CC BY 2.0); 12 Julio
Mulero (CC BY-NC-ND 2.0); 17 Mick Thompson (CC BY-NC
2.0); 21 left to right: Daniel Behm/Audubon Photography
Awards 2011, Tom Benson (CC BY-NC-ND 2.0), Luke
Theodorou (CC BY-NC-ND 2.0), Ruhikanta Meetei/
Audubon Photography Awards; 22 Steve Lefkovits/
Audubon Photography Awards 27 Vesper Sparrow.
Photo: Dfaulder (CC BY 2.0); Prescribed burn. Photo:
Daniel Suarez; 29 Nick Varvel (CC BY 2.0); 37 Aaron
Michael (CC BY-SA 2.0); 40 Andrew Weitzel (CC BY-SA
2.0); 41 Ron knight (CC BY 2.0) 43 Linda Kennedy;

45 Andrew Byerly/Great Backyard Bird Count; 48 Jim
Chagares/Audubon Photography Awards; 49 Budgora
(CC BY-NC-ND); 57 Nikki DeBraccio/Audubon
Photography Awards.

North American Grasslands and Birds Report | 2019 | 52



APPENDICES

Appendix A
Vulnerability scores by species.

Vulnerability Agreement
Common Name Scientific Name Season
1.5°C 2.0°C 3 1.5°C
Aplomado Falcon Falco femoralis Summer L L H M-H M-H M-H
Winter M M M H M-H M-H
Baird's Sparrow Ammodramus bairdii Summer H H H M-H H H
Winter H H H H H H
Bobolink Dolichonyx oryzivorus Summer M M H M-H H M-H
Botteri's Sparrow Peucaea botterii Summer M M H H H M-H
Winter N N L M-H M-H M-H
Burrowing Owl Athene cunicularia Summer N N N M-H M-H M-H
Winter N N N M-H H M-H
Cassin's Sparrow Peucaea cassinii Summer N N L M-H M-H M-H
Winter L M M M-H M-H M-H
Chestnut-collared Long- Calcarius ornatus Summer M H H L M-H H
spur Winter L M M M-H M-H M-H
Clay-colored Sparrow Spizella pallida Summer M M H M-H M-H M-H
Winter N N N H H H
Dickcissel Spiza americana Summer N N N H H H
Winter N N N H H H
Eastern Kingbird Tyrannus tyrannus Summer L M M M-H M-H M-H
Eastern Meadowlark Sturnella magna Summer L L M H M-H H
Winter N N N M-H H H
Ferruginous Hawk Buteo regalis Summer L M M M-L M-L M-H
Winter L L M M-L M-H M-H
Grasshopper Sparrow Ammodramus savannarum | Summer N N L M-H M-H M-H
Winter N N N M-H M-H H
Gray Partridge Perdix perdix Summer M M H M-H H M-H
Winter L L L M-H M-H M-H
Greater Prairie-Chicken Tympanuchus cupido Summer M L N H M-H M-H
Winter N N N M-H H H
Henslow's Sparrow Ammodramus henslowii Summer H H H M-H H H
Winter N N N H H H
Horned Lark Eremophila alpestris Summer L L L M-H M-H M-L
Winter L L L H H H
Lark Bunting Calamospiza melanocorys | Summer L M H M-H M-H M-H
Winter L N N H M-H M-H
Le Conte's Sparrow Ammodramus leconteii Summer M M H M-H M-H M-H
Winter N N N H H H
Lesser Prairie-Chicken Tympanuchus Summer L L M M-H H H
pallidicinctus Winter N L L M-H H H
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Loggerhead Shrike Lanius ludovicianus Summer N N N M-H M-H M-H
Winter N N N H M-H M-H
Long-billed Curlew Numenius americanus Summer M M H M-H M-H M-H
Winter N N N M-H M-H H
McCown's Longspur Rhynchophanes mccownii | Summer H H H M-H M-H M-H
Winter L L M H H H
Mountain Plover Charadrius montanus Summer M H H M-L M-H H
Winter L L L H H H
Nelson's Sparrow Ammodramus nelsoni Summer L M H M-L M-L M-L
Winter M H H M-H M-L M-H
Northern Bobwhite Colinus virginianus Summer N N N H H H
Winter N N N M-H M-H H
Ring-necked Pheasant Phasianus colchicus Summer N N L M-H H M-H
Winter L L L M-H M-H M-H
Savannah Sparrow Passerculus sandwichensis | Summer M M H M-H M-H M-H
Winter L L L H H H
Scaled Quaill Callipepla squamata Summer L L M H H M-H
Winter L L L M-H H M-H
Scissor-tailed Flycatcher Tyrannus forficatus Summer N N N H H H
Winter N N N H H H
Sedge Wren Cistothorus platensis Summer M M M M-H M-H M-H
Winter L N N H M-H M-H
Sharp-tailed Grouse Tympanuchus phasianellus | Summer L L L M-H M-H M-H
Winter L L M H H M-L
Short-eared Owl Asio flammeus Summer M M M M-H M-H H
Winter N N L H H M-H
Sprague's Pipit Anthus spragueii Summer L M H M-L M-L M-H
Winter N N N M-H H H
Swainson's Hawk Buteo swainsoni Summer N N N M-H M-H M-H
Upland Sandpiper Bartramia longicauda Summer N N N H H M-H
Vesper Sparrow Pooecetes gramineus Summer L M M M-H M-L M-H
Winter N N N H H M-H
Western Kingbird Tyrannus verticalis Summer N N N H H H
Winter N N N M-H M-H M-H
Western Meadowlark Sturnella neglecta Summer L L L M-H H H
Winter N N N M-H H H

1 Scaled Quail is included in this report but excluded from estimates of the proportion of grassland birds vulnerable to climate change because it is classified as an arid land
species by the State of the Birds Report.

North American Grasslands and Birds Report | 2019 | 54




APPENDICES

Appendix B

Grassland and aridland bird species included in Bird-Friendliness Index estimation for the NGP,
their functional species grouping, and State of the Birds breeding season Combined Conservation

Score (CCSb).

Common Name Functional Species CCSb
Baird's Sparrow Ground-foraging invert- & granivores 15
Bell’s Vireo Mid- to upperstory foraging invertivores 1
Bobolink Ground-foraging invert- & frugivores 12
Brewer's Sparrow Ground-foraging invert- & granivores 1
Burrowing Owl Large ground-foraging invert- & vertivores 12
Canyon Wren Ground- or aerial-foraging invertivores 9
Chestnut-collared Longspur Ground-foraging invert- & granivores 15
Clay-coloured Sparrow Ground-foraging invert- & granivores 9
Dickcissel Ground-foraging invert- & granivores 10
Eastern Kingbird Understory-foraging invert-, frug- & granivores 10
Ferruginous Hawk Large ground-foraging vertivores 10
Grasshopper Sparrow Ground- or aerial-foraging invertivores 12
Greater Prairie-chicken Ground-foraging invert- & granivores 16
Greater Sage-grouse Large ground-foraging herbivores 15
Green-tailed Towhee Ground-foraging invert- & frugivores 1
Horned Lark Ground-foraging invert- & granivores 9
Lark Bunting Ground-foraging invert- & granivores 12
Lark Sparrow Ground-foraging invert- & granivores 9
Long-billed Curlew Ground- or aerial-foraging invertivores 14
Loggerhead Shrike Small ground-foraging invert-, vertivores & scavengers 1
McCown's Longspur Ground-foraging invert- & granivores 15
Mountain Plover Ground- or aerial-foraging invertivores 15
Northern Harrier Large ground-foraging invert-, vertivores & scavengers 1
Rock Wren Small ground-foraging invert- & vertivores 10
Sage Thrasher Ground- or aerial-foraging invertivores 1
Savannah Sparrow Ground-foraging invert- & frugivores 8
Sprague's Pipit Ground- or aerial-foraging invertivores 14
Sharp-tailed Grouse Midsized ground-foraging herb- & granivores 10
Swainson's Hawk Large ground-foraging invert- & vertivores 9
Upland Sandpiper Ground- or aerial-foraging invertivores 10
Vesper Sparrow Ground-foraging invert- & granivores 10
Western Kingbird Mid- to upperstory foraging invertivores

Western Meadowlark Ground-foraging invert- & granivores 9

White-throated Swift

Ground- or aerial-foraging invertivores
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Appendix C

Species included in each prioritization analysis, their normalized State of the Birds Concern Scores, and
summer and winter geographic distributions. NA indicates the species is not native and therefore not
included in the State of the Birds assessment. We assigned these species a weight of 0.01. *The analyses
the species was included in (C = continental, S = Southern Great Plains, N = Northern Great Plains).

Summer Winter

Norm. Norm.

Concern Concern
Common Name Analysis* Score Score Summer Range Winter Range
Aplomado Falcon C 0.63 0.58 US/Mexico US/Mexico
Baird's Sparrow C, 0.74 0.74 US/Canada Chihuahuan Grasslands
Bobolink C, N 0.58 0.68 US/Canada S. American Lowlands
Botteri's Sparrow C 0.63 0.58 Chihuahuan Grass-lands Chihuahuan Grasslands
Burrowing Owl C,S,N 0.58 0.53 US/Canada Chihuahuan Grasslands
Cassin's Sparrow CS 0.53 0.53 us Chihuahuan Grasslands
Chestnut-collared Longspur | C, N 0.74 0.68 US/Canada Chihuahuan Grasslands
Clay-colored Sparrow C, N 0.42 0.47 US/Canada Chihuahuan Grasslands
Dickcissel C, N 0.47 0.53 us S. American Lowlands
Eastern Kingbird C, N 0.47 0.53 US/Canada S. American Lowlands
Eastern Meadowlark CS 0.53 0.53 US/Canada US/Canada
Ferruginous Hawk C,N 0.47 0.47 US/Canada US/Canada
Grasshopper Sparrow C, SN 0.58 0.58 US/Canada US/Chihuahuan Grasslands
Gray Partridge C NA NA US/Canada US/Canada
Greater Prairie-Chicken C,N 0.79 0.79 us us
Henslow's Sparrow C 0.63 0.68 us us
Horned Lark C,N 0.42 0.42 US/Canada us
Lark Bunting C,S,N 0.58 0.58 US/Canada Chihuahuan Grasslands
Lark Sparrow S 0.42 0.47 US/Canada US/Chihuahuan Grasslands
Le Conte’s Sparrow C 0.53 0.58 US/Canada US/Canada
Lesser Prairie-Chicken CS 0.95 0.95 us us
Loggerhead Shrike C, S, N 0.53 0.53 US/Canada/Chihuahuan Grasslands US/Chihuahuan Grasslands
Long-billed Curlew C, N 0.68 0.68 US/Canada Chihuahuan Grasslands
McCown's Longspur C,N 0.74 0.74 US/Canada US/Chihuahuan Grasslands
Mountain Plover C,S,N 0.74 0.79 us Chihuahuan Grasslands
Nelson's Sparrow C 0.53 0.68 US/Canada us
Northern Bobwhite CS 0.58 0.53 US/Chihuahuan Grasslands US/Chihuahuan Grasslands
Ring-necked Pheasant CS NA NA US/Canada US/Canada
Savannah Sparrow C,N 0.37 0.37 US/Canada US/Chihuahuan Grasslands
Scaled Quail CS 0.58 0.58 US/Chihuahuan Grass-lands US/Chihuahuan Grass-lands
Scissor-tailed Flycatcher CS 0.47 0.53 us Pacific Lowlands
Sedge Wren C,N 0.32 0.32 US/Canada US/Chihuahuan Grasslands
Sharp-tailed Grouse C,N 0.47 0.47 US/Canada US/Canada
Short-eared Owl C 0.58 0.58 US/Canada US/Chihuahuan Grasslands
Sprague's Pipit C, N 0.68 0.68 US/Canada Chihuahuan Grasslands
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Swainson's Hawk C,S,N 0.42 0.58 US/Canada/Chihuahuan Grasslands S. American Lowlands
Upland Sandpiper C,N 0.47 0.47 US/Canada Southern Cone

Vesper Sparrow C,N 0.47 0.53 US/Canada US/Chihuahuan Grasslands
Western Kingbird C,N 0.32 0.42 US/Canada Pacific Lowlands

Western Meadowlark C, N 0.42 0.47 US/Canada US/Chihuahuan Grasslands

Savannah Sparrow
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