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Abstract: Globally, grasslands have been heavily degraded, more so than any other biome. Grass-
lands of the eastern U.S. are no exception to this trend and, consequently, native biota associated with
the region’s >20 million ha of agricultural grasslands are under considerable stress. For example,
grassland associated breeding bird populations have declined precipitously in recent decades as have
numerous species of pollinators. Although there is increasing awareness of the role grasslands can
play in global carbon cycles and in providing high quality dietary proteins needed by an increasing
global population, there is a lack of awareness of the alarming trends in the sustainability of the
native biota of these ecosystems. Here, we present the status of this conservation challenge and
offer prospective solutions through a working lands conservation approach. Such a strategy entails
maintaining appropriate disturbances (i.e., grazing, fire, and their combination), improved grazing
management, an increased reliance on native grasses and forbs, and improved plant diversity within
pastures. Furthermore, we note some examples of opportunities to achieve these goals, offer sugges-
tions for agricultural and conservation policy, and provide a framework for evaluating tradeoffs that
are inevitably required when pursuing a multi-purpose grassland management framework.

Keywords: biodiversity; breeding birds; grazing; native grasses; pollinators; sustainability; working
lands conservation

1. Introduction

Increased demands for sustainability in beef and other ruminant production systems
have placed greater emphasis on ecosystem services provided by grasslands agriculture.
For instance, the U.S. Roundtable for Sustainable Beef (USRSB), an organization formed in
2015, developed their sustainability framework for the U.S. beef industry in 2019 [1] and
more recently released indicators to document sustainability throughout the beef value
chain [2]. Similarly, The Nature Conservancy (TNC) developed a strategy for sustainable
beef production in 2021 [3]. Sustainability concerns relative to grasslands within these
production systems include impacts on climate [4,5], soil health [6,7], ecosystem integrity [8–10],
water conservation [11,12], and animal health [13].

Another critical issue for the sustainability of grasslands, and the agriculture systems
that depend on those grasslands, is biodiversity. Although biodiversity has been the focus
of some research within semi-arid grasslands of the U.S. [14–16], far less attention has
been paid to grasslands of the humid eastern U.S. [17–19]. This is especially true as it
relates to biodiversity associated with grasslands agriculture (i.e., working lands) within
this region [20,21]. Given the scale of grasslands agriculture in this region (>20 million

Agronomy 2022, 12, 1934. https://doi.org/10.3390/agronomy12081934 https://www.mdpi.com/journal/agronomy

https://doi.org/10.3390/agronomy12081934
https://doi.org/10.3390/agronomy12081934
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com
https://orcid.org/0000-0001-8291-1964
https://doi.org/10.3390/agronomy12081934
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com/article/10.3390/agronomy12081934?type=check_update&version=2


Agronomy 2022, 12, 1934 2 of 17

ha in pasture and hay production comprising >40% of all U.S. cow-calf operations [22]),
addressing biodiversity within working grasslands should be an important priority [20].

Biodiversity is essential to sustainable grassland ecosystems and is, in and of itself,
a clear imperative for land stewardship for all types of agricultural production systems.
The long-term decline of grassland-associated bird populations [23] and the more recent
reductions in insect communities [24], especially pollinators [25,26], provide two com-
pelling examples of at-risk taxa that are critical components of healthy, resilient grassland
ecosystems. Additionally, healthy grasslands require microbes that play critical roles in
nutrient cycling and carbon sequestration. The types of microbial communities and their
function are greatly affected by grassland management, particularly plant diversity, leading
to corresponding, rapid changes in the microbial community [27,28].

In this paper, our objectives are to raise awareness of these issues and draw attention
to the need to improve our understanding of how grasslands management practices impact
key elements of biodiversity as the first steps in addressing these challenges. In addition, we
note that practical management options that can reverse or, at a minimum, slow down these
precipitous declines must be identified [29,30]. We assert that solutions based on a working
lands conservation model—an approach that recognizes the importance of maintaining
agricultural production and simultaneously enhancing biodiversity—are preferable to
those focused simply on setting aside land for conservation purposes [17,20,31]. Indeed,
the increasing global demand for high quality dietary proteins dictates that grassland
productivity be maintained in the future. Furthermore, working lands approaches to these
pressing conservation challenges can demonstrate to concerned consumers that production
agriculture can be sustainable. Such an approach can go a long way towards showcasing the
ability of agriculture to achieve societal demands for healthy ecosystems and the services
that they can deliver; grassland agriculture can be the solution rather than the problem.

2. Critical Concerns for Grassland Biodiversity
2.1. The Plight of Grassland Birds

Avifauna serve as excellent environmental indicator for ecosystem health [32] and
represent a substantial component of vertebrate diversity in grassland ecosystems. As
such, grassland bird population trends and distributions are very sensitive to the extreme
loss and fragmentation of native grasslands and to the degradation in grassland quality
in North America, all of which have contributed to these declines. A recent evaluation of
avian population trends among all breeding bird guilds in North America indicated that
those species associated with grasslands have experienced by far the most severe declines
(53% decline, on average, over the past 50 years [23]). Some species, notably northern
bobwhite (Colinus virginianus; 79% decline), eastern meadowlark (Sturnella magna; 73%
decline), grasshopper sparrow (Ammodramus savannarum; 72% decline), and Bachman’s
Sparrow (Peucaea aestivalis; 70% decline), have experienced even greater declines over the
past 50 years [33]. At current rates of decline (3.1%/year), the remaining northern bobwhite
population may be reduced by 50% over the next decade.

Individual grassland bird species have unique habitat requirements typically associ-
ated with the structure of grassland vegetation [34] and with the structure of the landscape
in which they are found in [35,36]. Different species occupy grasslands at differing seral
stages and may respond differently to the type and extent of the associated disturbance
regime [14,21]. Some grassland species are area sensitive, in that their occurrence and/or
density is positively associated with grassland patch size [35]. Species which are extremely
area sensitive may require grassland patches >100 ha (i.e., Henslow’s Sparrow) or even
>1000 ha in extent (i.e., Greater Prairie-Chicken [Tympanuchus cupido], [34]).

2.2. The Plight of Native Pollinators

Declines in the abundance and diversity of insect pollinators have been widely doc-
umented in recent years [25,37]. Managed honey bees (Apis mellifera) in particular have
received a great deal of attention, with an estimated 59% reduction in the number of colonies
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in North America alone [38]. Wild native pollinators, including bumble bees, solitary bees,
butterflies, and moths, have also experienced substantial population losses [39–41]. In 2017,
the rusty-patched bumble bee (Bombus affinis) became the first federally listed endangered
bee under the U.S. Endangered Species Act (U.S. Fish & Wildlife Service, Federal Register 82
FR 3186). The monarch butterfly (Danaus plexippus) provides another well-known example
of a species in decline, with the eastern U.S. migratory population reduced as much as
80% in its overwintering sites in Mexico [42]. Although multiple drivers likely contribute
to on-going pollinator declines (e.g., habitat fragmentation, climate change, pesticide use,
introduced species, and parasites), habitat loss has the most significant detrimental impact
on the abundance and diversity of insect pollinators [25,39,43].

The loss of pollinators threatens wild and cultivated plants worldwide [25,26,44].
More than 80% the world’s flowering plants depend on animal pollination [45]. Of these,
outcrossing and rare plants are particularly susceptible to pollinator declines [46,47], and
may themselves decline as a result [40]. Crop production is also vulnerable to the loss
of insect pollinators. Approximately 75% of crop species benefit from the pollination
services of insects, primarily bees [48]. Globally, crop pollination services are valued at
more than USD 200 billion per year [49]. In the U.S., wild native bees supply an estimated
USD 3 billion annually in pollination services to crops [50].

Beyond pollinators, a global pattern of declining insect diversity and abundance more
generally has begun to emerge [51,52] driven by multiple stressors, including land-use
change, climate change, agricultural intensification, and introduced species [52]. Loss of
insects can be detrimental to overall ecosystem function because of the critical role these
organisms play in nutrient cycling, reducing pressure from economically important pests,
and as the foundation for sustaining food webs [53]. The contributions of insects to these
vital ecosystem processes have significant economic impacts as well. For example, naturally
occurring insect predators and parasitoids are estimated to provide USD 4.5 billion annually
to U.S. crop production based on the value of crop losses averted [50].

Managing grasslands to enhance plant biodiversity has the potential to benefit insect
communities and the valuable ecosystem services they provide [54–56]. A growing body of
research demonstrates that pollinators respond positively to habitat heterogeneity and floral
resources [39]. Native wildflowers support insect pollinator diversity and abundance by
providing nectar and pollen resources and nesting or reproduction sites [57,58]. Likewise,
agricultural landscapes with greater plant diversity sustain larger populations of predators
and parasitoids [59,60], which contribute to the natural control of economic pests [61]. Thus,
diverse healthy grasslands can create multi-functional environments that generate positive
insect conservation and economic outcomes.

2.3. Soil Microbes

Diverse, healthy grasslands have vibrant microbiological communities that can be in-
fluenced by management practices. Although the relationship between grassland microbes,
and other elements of biodiversity (e.g., grassland birds), is mostly indirect, the abundance
and productivity of all these species likely reflects the nature of the grassland [62–64].
That is, in grasslands, the same features, habitat, structure, and food resources that di-
verse plant communities provide for birds have corresponding effects and benefits for
soil microbial communities [65–67]. These responses are also associated with additional
ecosystem services that can create feedback among system components. For example, soil
water infiltration capacity is greater in systems with biodiverse groundcover [12,62,68], and
reduced nutrient leaching losses also are observed with greater grassland diversity [28], a
process mediated in part by the degree of legume presence [63].

Plant diversity can increase microbial community diversity (e.g., [28,69]). Not sur-
prisingly, this may be correlated with presence of soil fungi, arbuscular mycorrhizae, and
possibly with greater carbon storage at depth [65]. Moreover, from an agricultural man-
agement standpoint, lower-input systems foster greater soil faunal diversity [66]. At the
very least, these findings reinforce a point of our thesis, that protecting and increasing use
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of native grasses—obligate mycotrophs—in forage livestock system can provide a suite
of ecosystem services important not only for grassland birds but also for other organisms,
including human beings.

3. Solutions for Grassland Biodiversity Conservation
3.1. Appropriate Disturbance

Persistence of grasslands is dependent upon climate, fire, and grazing [62,70]. Dis-
turbances, such as fire and grazing, are critical, but the importance to conservation is
dependent upon the intensity, frequency, and pattern of these disturbances directly; more
important, though, is the interaction among these disturbances that leads to complex
patterns [14,15,71]. Fire and grazing can have positive, negative, and neutral effects on
ecosystem services depending how they are applied. In remaining, large intact grasslands,
grazed areas and ungrazed areas are best suited to different species and can provide dif-
ferent ecosystem services [70]. Because of the tradeoffs, it is critical for conservation that
landscapes remain large enough to include patterns of disturbance that include highly
disturbed and relatively undisturbed areas. Traditional conservation focused on trying
to promote uniform and moderate use by livestock while suppressing fire is incapable of
maintaining diverse grassland landscape that support our desired ecosystem services [5,8].
The interaction of fire and grazing can result in patterns that can provide diverse ecosystem
services, including livestock production, biodiversity, wildfire mitigation, water availability,
and even human health [71].

Recently, there has been increased attention on carbon sequestration and storage on
grassland landscapes because of their prospective roles under changing climate scenarios.
Suggestions of massive tree planting efforts discount the importance of grasslands and
promote climate solutions that have limited consideration of other ecosystem services. The
focus on increased above-ground carbon from woodlands that were once grasslands is
tempting from a carbon perspective. While this is debated and many argue that grasslands
may be a more reliable carbon sink, tree planting proposals continue in spite of a long
history of failed efforts to convert large regions from grassland to forests (e.g., tree planting
in the Great Plains goes back over 100 years) [8,71].

3.2. Working Lands Approach

To address these challenges to sustaining biodiversity, the most practical solution is
to pursue a working lands approach. That is, agricultural landscapes do not need to be
managed solely for commodity production, but rather can be managed for biodiversity-and
multiple other ecosystem services as well. A working lands approach can support both
conservation needs and human livelihoods and recognizes humans not only as stewards,
but as active participants within an ecosystem.

Much energy has been given to the scientific disputes regarding land sparing vs. land
sharing management approaches, and it is not our intent to rehash that debate here. Indeed,
both approaches likely have merit in a “both-and” framing of habitat conservation [72].
However, such arguments have merit depending on the conservation needs of the species
and ecosystems of interest. For example, Wright et al. [73] describe agriculture as “a key
element for conservation”, particularly where threatened species rely on the open habitat
that low-impact agriculture can create. Indeed, there are several reasons why a working
lands approach is the preferred path to achieving desired production and conservation
goals in humid, temperate grasslands such as those of the eastern U.S.

First, it will be most readily acceptable to those who own and manage the exten-
sive grasslands of this region to produce forage for cattle. This represents more than
300,000 farms, not including those that produce other classes of livestock [22]. Beef cattle
producers have the lowest average farm income among all the major commodities, with
an average annual net farm income from 2012–2020 of USD 32,866 [74]. Indeed, if the
historical anomaly for returns to cow-calf operations in 2014 and 2015 are omitted, the
average annual return between 2010 and 2020 was only USD 22 per head [75]. Clearly,
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the ability of individual farms to accept the burden of externalities such as supporting
biodiversity enhancement is limited and practical, cost-effective solutions will be essential
for achieving meaningful adoption of conservation practices.

Secondly, the scale required to address compromised biodiversity is such that conven-
tional, government-subsidized practices will not be practical [20,36]. The amount of land
enrolled in conservation practices under USDA’s Conservation Reserve Program (CRP)
represents only 1.16% of the land area in forage production [20] across the eastern U.S.,
a level well below that required to create population effects for grassland birds [18,36].
Furthermore, there is substantial cost to implement and sustain government conservation
programs; USD 518 million was spent in fiscal year 2017 alone on CRP, an amount that
does not include administrative costs [76]. By contrast, working lands approaches could
operate without the necessity of subsidies, or at least minimize the need for them, and could
potentially impact millions of hectares of actively managed grasslands, a level capable of
impacting biodiversity [20].

Lastly, working lands approaches that utilize management practices such as graz-
ing and prescribed fire, impose essential—and ecologically appropriate—forms of distur-
bance [64,77]. Such disturbance is essential to maintaining the biodiversity of grasslands of
North America [62,78]. Grazing fosters beneficial vegetative structure [70] and composi-
tion [79,80] within grasslands. Grazing has also been linked to improvements in avifauna
and other elements of biodiversity [67,81,82]. Similarly, fire has long been recognized as a
natural disturbance vector in North American grasslands [83–85] that positively influences
vegetative communities and associated biodiversity [15,77,86].

Producer buy-in will be critical to these efforts and may not come easily, however. Such
changes will require land managers both to re-envision what looks “good” on the landscape
and to develop the skills and infrastructure needed to change. For many producers,
livestock production is a lifestyle choice rooted in long-held traditions. Acting against
perceived history, cultural benchmarks, or community norms can be significant barriers
to change.

3.3. Improved Grassland Management

Good grassland management can be summarized simply as grazing to maintain both
leaf area and the maintenance of carbohydrates reserve in stem bases, rhizomes/stolons,
and roots [87,88]. Leaf area is maintained by leaving adequate residue after grazing and
allowing a rest period and adequate vegetative regrowth before the next grazing cycle.
Allowing adequate rest periods for regrowth also allows the production of carbohydrates
in excess of those required for growth, which can then contribute to short- and long-term
storage and be available during periods of stress. Therefore, overgrazing, which fails
to promote positive energy balances for the grasses or proper nutrient recycling, leads
to weakened stands, reduced biomass production, and increased cover of undesirable
species [87,88]. Thus, the net effect is less quantity and quality of feed for livestock.

The priority for all livestock producers is the meat, milk, and wool production that
they obtain from their grasslands, both those utilized for pasture and for stored feed.
Good grassland management leads to improved livestock production and poor grassland
management can lead to reduced livestock production. Although cattle can be raised on
farms using poor grassland management practices, supplemental feed is often required
and the net income from meat, milk, and wool are low. In short, the economic viability of
these operations is compromised [89].

Researchers have long known that overgrazing, defined as close and frequent grazing,
reduces both topgrowth and root growth [87]. Grazing below 5 cm will actually stop root
growth and successive cycles of grazing decrease root biomass and lead to reduced nutrient
uptake and lower drought resiliency [87]. Close and frequent grazing affects all species but
has the most dramatic effect on tall and intermediate grasses, such as the tall native species,
and on legumes with tap roots. For example, grazing alfalfa (Medicago sativa) without
an approximately 30-day rest period will delete root carbohydrate reserves and lead to
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lower production and weakened plants that are more susceptible to disease [90]. Grazing
tall native grasses to low stubble heights and with a short rest period will lead to slow
regrowth, reduced tillering, and weed encroachment [88].

One of the most overlooked but important considerations of grassland management
is the effect of grazing management on species diversity. Maintaining rich species diver-
sity contributes to improved grassland productivity and resiliency to climatic variabil-
ity [13,89,91]. With increasing species diversity, however, increased management intensity
will be needed with the primary criteria to graze according to the management require-
ments of the most desirable species (typically the highest quality). For example, in a
heterogenous native grass/forb/legume planting containing species such as big bluestem
(Andropogon gerardii), indiangrass (Sorghastrum nutans), little bluestem (Schizachyrium scopar-
ium), purple coneflower (Echinacea purpurea), and white prairie clover (Dalea candida),
it would be important to graze to favor the coneflower and clover, which would be
more sensitive to early season overgrazing than the grass species. An increasingly com-
mon introduced species mixture in the lower southeastern U.S. is alfalfa/bermudagrass
(Cynodon dactylon), which combines the high quality, yield, N-fixation, and season-long
productivity of alfalfa and the strong sod and warm-season growth of bermudagrass [92].
An alfalfa/bermudagrass mixture should be grazed to favor the alfalfa with the first grazing
at an early flowering stage of the alfalfa and subsequent grazings after 4 or more weeks
to allow the alfalfa adequate time to replenish carbohydrate reserves [90]. This strategy
also shades the bermudagrass in the late spring, limiting its aggressiveness in the mixture.
Another option to maintain species diversity in the landscape is to graze more homoge-
neous stands in sequence based on their growth and quality attributes. An example of
sequential grazing could be to graze fall rye (Secale cereale) late winter (interseeded into
warm-season natives), tall fescue (Schedonorus arundinaceus) early spring (before toxicity
increases), switchgrass (Panicum virgatum)/red clover (Trifolium pratense) late spring and
early summer, big bluestem/indiangrass mid-to late-summer, and then rely on stockpiled
fescue for fall and early winter grazing.

Grassland management can have a major effect on soil surface characteristics. When
the majority of forage species are grazed close and frequently, the stand thins and the
soil surface is exposed [88]. An exposed soil surface is more prone to wind and water
erosion [88,93]. An additional negative consequence is that bare soil in summer months is
warmer than shaded soil. Recent research in Kentucky [93] showed that bare soil exposed
from frequent and close defoliation was 5–10 ◦C warmer than adjacent shaded soil.

One of the first topics that most producers consider with grassland management
is the presence of broadleaf weeds in their pastures and, if present, how they can be
eradicated. However, most forbs can be useful forages or at least their presence can be
tolerated because of forage quality attributes. Many forbs rival the quality of the best forage
legumes like alfalfa and clover. Examples are common ragweed (Ambrosia artemisiifolia),
common lambsquarters (Chenopodium album), dandelion (Taraxacum officinale), and plantain
(Plantago spp.) [94–96]. These and other forbs are not always palatable and are often lower
yielding than common forages, but most livestock will consume them and show impressive
gains. Some of these forbs even have medicinal compounds that improve rumen function
and reduce parasite load (e.g., chicory [Cichorium intybus]). Therefore, good grassland
management should tolerate some level of broadleaf plants.

Maximizing grassland stand health through management not only maximizes for-
age production and livestock production, but also enhances habitat for wildlife species,
pollinators, and multiple other ecosystem benefits. Such management allows for greater
plant diversity, leading to more heterogeneous canopy structure, more floral resources for
pollinators, and more potential food resources for grassland associated birds. Furthermore,
vigorous forage stands can provide greater soil organic matter, greater variability in root
architecture, and longer periods with active root growth, all of which are beneficial for
soil organisms.
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3.4. Restoration of Native Plants Species within Forage Systems

Native grasslands are among the most imperiled ecosystems in North America [97,98].
Virtually all native grasslands in the eastern U.S. have been converted to other uses, such
as row crop production, succession to closed-canopy forests, or conversion to introduced
grasses, such as tall fescue, bermudagrass, or bahiagrass (Paspalum notatum) [99]. These
introduced species negatively affect grassland birds, primarily because their morphol-
ogy (and thus habitat structure) is quite different from that of native species, such as
big bluestem, little bluestem, indiangrass, and switchgrass, that once dominated eastern
grasslands [29,99]. These non-natives are typically managed with canopy heights below
25 cm, commonly to 5 or 10 cm, and thus, provide little cover [88,99,100]. Furthermore,
they normally form dense sods that reduce vegetative diversity and alter successional
trajectories [99–101]. By contrast, most native grasses suited for pasture systems are tall-
growing species and out of necessity are managed at greater residual canopy heights (e.g.,
>30 cm) [88,102,103]. They are also bunch grasses that provide interstitial space between
plants that foster greater plant diversity and enable easier movement of fledglings and
enhanced ability to forage for insects [99,104]. Consequently, outcomes for at-risk avifauna
within native grass pastures are more favorable than for introduced species [17,105,106].
There is also evidence that introduced species (e.g., tall fescue, but based on symbiotic
endophytes) can have a detrimental impact on key soil biota [107,108].

4. Case Studies
4.1. Natives Complementing Tall Fescue

In recent years, numerous studies of native grasses have documented positive pro-
duction [102,104,109] and economic [103,110–112] outcomes driven by high rates of gain
in growing cattle (i.e., 0.8–1.1 kg/day) combined with high stocking rates and low input
requirements. Where native grasses are used to complement tall fescue-based forage sys-
tems, an additional advantage is avoidance of fescue toxicity issues and associated negative
impacts on animal health and productivity [104,113]. Recent research has also demon-
strated that these grazed native forages can provide habitat for grassland birds [17,106,114]
and substrate for pollinators [115], thus supporting a viable working lands conservation
approach [20].

4.2. Patch-Burn Grazing

An alternative grazing system is patch-burn grazing (PBG), where grazing and rest
periods are measured in years [15,70,71]. In this system, a “patch” within a pasture, typically
one-third of the area for pastures in the eastern U.S., is burned each spring. Livestock
are allowed to continuously graze the area once the burned area has initiated growth. In
this scenario, livestock are attracted to the fresh growth in the burned area and graze it
more frequently and closer that would normally be recommended. The area that was
burned a year ago is not grazed as closely because of accumulated growth. Furthermore,
the area burned two years previously has much less grazing intensity because of its more
rank, mature growth. In essence, little to no rest occurs in year one, partial rest occurs
in year two, and almost complete rest occurs in year three. The PBG approach simulates
natural disturbance patterns typical of North American grasslands [14]. Consequently,
overall heterogeneity is increased providing improved habitat for a variety of grassland
wildlife [14,15].

4.3. Weediness and/or More Diverse Plantings

The negative perception of weediness in grasslands is one that must be overcome by
the realization that diverse grasslands produce more forage and more seasonally consistent
nutritive value and biomass relative to simple monoculture grasslands. This realiza-
tion can be arrived at through better understanding forage production characteristics of
diverse-planted grasslands. A case study developed to demonstrate biomass and nutri-
tive value potential of grasslands planted to native warm-season grasses and interseeded
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with legumes and forbs in Missouri, suggests there is little, if any, difference in biomass
production in grass–forb mixtures compared to grass alone (Table 1, [116]). There are likely
differences in nutritive value between monocultures and grass-forb mixtures. Diversifying
switchgrass-dominated grasslands with red clover alone may increase pounds of protein
per ha on offer by as much as 24% compared to switchgrass monoculture [117]. Grasslands
containing a diverse mix of forbs, such as ragweed, plantain, and dandelion, may contribute
to greater nutritive value of available forage on offer when harvested at the vegetative
stage of maturity [91].

Table 1. A comparison of yields (Mg/ha) from 2010–2013 among mixtures of big bluestem-switchgrass
pastures interseeded with various mixtures of forbs and legumes harvested at 15-cm residual plant
height. Table adapted from [115].

Season of Harvest

Species Mixture Spring Summer Fall

50% switchgrass, 50% big bluestem 4.0 7.2 6.1

80% switchgrass and big bluestem, 20% forb and legume 3.6 6.5 5.6

60% switchgrass and big bluestem, 40% forb and legume 4.0 7.2 6.3

20% switchgrass and big bluestem, 80% forb and legume 4.5 7.2 6.1

5. Policy Solutions

The success of a working lands approach to enhance biodiversity within perennial
grassland systems will depend on producer’s adoption of the essential elements of grass-
land biodiversity–native species, increased plant diversity, and appropriate disturbance
regimes. Moreover, adoption of such practices will likely require new policy approaches,
particularly those that remove barriers to adoption and/or incentivize such practices.
Wright et al. [73] noted several potential policy measures including certification schemes,
development opportunities tied to the support of ecotourism, payment for ecosystem
services, and payment for conservation practices. Given the scale of need and costs of
existing programs, however, many of these incentives may need new funding mechanisms
(e.g., private philanthropy) or changes in policies connected to land management (e.g., land
transfer taxation) that provide incentives for change. Others have noted that policy schemes
(which are typically directed at farm-level outcomes), may have greater effect if farmer
management could be coordinated to achieve landscape scale goals [118]. New approaches
such as this hold promise, but they will require addressing issues, such as inefficiencies
of landscape scale management and the cultural barriers to change. Regardless of the
approach, policy measures that support livelihoods in rural communities will be essential
for buy-in.

Traditionally, U.S. beef production systems have relied on significant exogenous inputs
throughout the supply chain. From forage production in the cow-calf operation to grain
grown for finishing cattle in feedlots, the system has been facilitated through the use of
relatively cheap fossil fuel and its derivatives. As Smith et al. [119] noted, “[g]rain feeding
livestock as presently practiced will be around only as long as there are grain surpluses
and cheap energy.”

One of the prime arguments in support of the petroleum-subsidized production model
is that finishing beef cattle in confinement with grain-based diets takes fewer ha and less
time per unit output than finishing animals on pasture. Although the grain-finishing
approach has historically been considered efficient, such accounting can be questioned
for not considering all the costs and benefits of the different production models. For
example, a recent life-cycle assessment comparing forage finished vs. feedlot finished beef
cattle acknowledged that feedlot finishing may have reduced greenhouse gas emissions
and beef per ha of pasture, but when one considers the potential value of well-managed
pasture as a carbon sink, forage finishing would have less environmental impact per unit
output than feedlot-based systems [120]. Those authors noted that perennial grasslands
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would yield provisioning services in conjunction with a more robust suite of ecosystem
services—the key point we argue in this paper. Conversion of a part of a farm operation
to native grasses—which require far fewer exogenous inputs and better resist weather
extremes—would create more resistant and resilient rural landscapes with lower economic
costs. Such systems can provide for critical biodiversity needs and may also prove to be a
significant carbon sink. Moreover, if that sunk carbon has value in a marketplace, it may
increase opportunities to reward producers for good grassland management.

The energy and effort needed to make systemic changes supporting a scale-up of
grasslands supporting biodiversity (particularly those utilizing native species) must not
be solely directed to (and expected from) producers and the conservation-minded. Rather,
consumers must also be educated about the role of livestock in appropriately managed
grazing systems as a means of sinking carbon and creating critical habitat for threatened
species. Motivating consumers and creating opportunities for them to make economic
“votes” in favor of these systems can be an important part of enlarging the economic pie for
farms and rural communities engaged in these practices.

5.1. Encouraging Native Species

Encouraging the use of native grass forages as a component of the forage system can
provide benefit to enhanced biodiversity within eastern grasslands and should be explored
as a policy solution to address current declines. Concerns about climate change, including
increased frequency and severity of droughts and/or floods and increased temperatures,
all suggest a role for these well-adapted C4 species in regional forage production systems.
In addition, many large processors within the beef value chain have made commitments
to reduced greenhouse gas emissions and improved carbon sequestration goals. Because
of their deep root systems and low input requirements, native forages can play a role in
achieving these goals. Beyond simply educating producers regarding the option of using
native grasses, it is also important to provide support for transitioning some portion of
existing forage production into these species. The greatest barrier to adoption has been
establishment, the cost, time required, and lost forage production during the seedling year
and associated risks [121]. Programs in collaboration with USDA or beef industry partners
could help mitigate risk and reduce the cost of transitioning to native forages.

5.2. Encouraging More Diverse Plant Communities

The concept of sustainable intensification of agroecosystems combines increased
productivity with preservation of as well as positive impact on the environment [122]. One
method of incorporating sustainable intensification practices into grasslands is to increase
diversity of the plant community to mimic natural ecosystems. Natural ecosystems have
greater species diversity, accumulate more biomass, demonstrate greater resiliency, and
are lower input compared to either typical or sustainable agroecosystems [123]. From
a forage grass standpoint alone, diverse mixtures of warm-season grasses accumulate
more forage compared to their monoculture counterparts [124]. Greater plant community
composition potentially results in greater functional group (C3 or C4 grasses, forbs, cool-
and warm-legumes) diversity, which may address uneven forage production. When forages
of adequate nutritive value are available throughout the entire grazing season, as opposed
to only during peak times (as we have observed with C3 or C4 grass monocultures), we
should expect an overall increase in animal production.

Management-intensive rotational grazing is another method of achieving sustainable
intensification in grasslands, especially in temperate, humid, and sub-humid climates.
The intensification is realized through increased output per unit area land. Management-
intensive rotational grazing results in increased nutritive value and forage production [89],
which contributes to increased carrying capacity and ultimately increased beef produced
per ha. Managed grazing systems may better meet the growing demand for dietary protein
per unit area compared to extensively managed beef production.
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5.3. Implementation of Research

To date, research in eastern grasslands that evaluates trade-offs in terms of livestock
production and enhanced biodiversity have been limited. Conducting replicated field
experiments at a scale large enough to draw reliable conclusions is costly and logistically
difficult. Additional investment in such research is urgently needed to better understand
the range of outcomes under varying management scenarios to further inform large-
scale conservation strategies. Within-field structural and compositional impacts and how
these are influenced by management regimes need to be better understood. Trade-offs in
productivity, profitability, and outcomes for improved soil health and carbon sequestration
must also be documented. However, it is also important to document how landscape
factors affect biodiversity outcomes as well as thresholds at which scale of adoption can
bring positive benefits to at-risk elements of biodiversity.

5.4. Evaluation of Tradeoffs for Working Grasslands

It is beyond the scope of this paper to fully develop and describe a decision-making
process or framework for assessing tradeoffs for working grasslands. However, we intro-
duce a conceptual framework for making decisions with multiple objectives or attributes.
We draw attention to a similar approach for Dutch dairy farming systems [125]. We rely
heavily on this approach and nomenclature, as it is directly relevant to sustainable working
grasslands in the U.S. However, van Calker et al.’s [126] purpose was to derive a sustain-
ability function, while our purpose is to demonstrate the need to explicitly understand
tradeoffs among multiple sustainability indicators for working grasslands

Management requires allocating resources that are typically finite to achieve a desired
outcome. A single objective management problem is relatively simple to solve—find the
action or set of actions that leads to the best desired outcome. Assuming a cattle producer
only valued net revenue, each choice of action would be one that minimized costs and
maximized yield. However, cattle producers are not single objective decision makers,
as they value the environment, animal well-being, and numerous other outcomes [126].
Moving from a single resource objective problem to multiple objectives raises the complexity
and requires tradeoffs. Using multi-attribute theory (MUAT) to arrive at optimal solutions
in the presence of multiple objectives will facilitate an explicit and clear understanding of
the tradeoffs for different potential management actions [127].

The USRSB identified six aspects or fundamental objectives that would achieve sustain-
able beef production: reduced air and greenhouse gas emissions, improved land resources,
improved water quality, improved employee safety and well-being, improved animal
health and well-being, and improved efficiency and yield to improve financial health [2].
Each of these aspects have their own performance metrics and targets that bring a needed
specificity to decision making. Clearly, sustainable beef consists of multiple attributes and
achieving all these simultaneously will be difficult. We argue that using MUAT will provide
a framework to explicit evaluate a set of proposed actions or strategies (multi-actions) to
achieve the ultimate goal of sustainability.

Let us create a fictious, but realistic decision-making scenario, using MUAT and the
basic framework provided by USRSB such that we have clear objectives. For the sake
of brevity and in the spirit of the paper, we will use an example with the land resources
and finances aspects or objectives. We can express a general sustainability function (S) as
Equation (1):

S(U_1, U_2, . . . U_j) =
N

∑
(j=1)

WjUj (1)
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where Wj represents the weight for the jth aspect of sustainability, Uj is the utility func-
tion for the jth aspect, and N is the total number of aspects. Specifically, for the USRSB
sustainability, the expression takes the form of Equation (2):

S(UAir, ULand, UWater, UEmployees, UAnimals, UFinances) = UAir * WAir +
ULand * WLand + UWater * WWater + UEmployees * WEmployees +

UAnimals * WAnimals + UFinances * WFinances

(2)

The theoretical goal is for S = 1, which would require Uj = 1; however, this is rarely
possible in practice.

Before we can parameterize this function, we need to develop utility functions and
objective weights. Again, for simplicity, we will only demonstrate this with two aspects:
land resources and finances. Each aspect can have multiple attributes. Utility values are
scaled between 0 and 1, with greater values corresponding to a greater degree of satisfaction.
For finances, the attributes could be kg/ha of beef produced (i.e., yield) and USD/ha (i.e.,
input costs). For land resources, it could be grassland bird species richness/ha. We have
provided example utility functions for demonstration purposes (Figure 1). For measuring a
single aspect of sustainability, the multi-attribute function is used, i.e., Equation (3):

Uj (x1, x2, . . . xn) =
n

∑
(i=1)

wjuj (3)

where Uj is the utility function for the jth aspect as defined above, ui(xi) is the utility
corresponding to the ith attribute, and wi represent the weight for the ith attribute. For the
financial aspect of the USRSB, the utility function would simply be Equation (4):

UFinance(x1,x2) = wYield * uYield + wInputs * uInputs (4)
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Thus, if we weight these attributes equally (w = 0.5) and the uYield = 0.20 (a yield of
0.5 kg/ha/year) and uinputs = 0.60 (input costs of USD 50/ha/year), the UFinance would
equal 0.40 (Figure 1). Similarly, if we expect to only measure three species of birds, ULand
would equal 0.25 (Figure 1). These two utility values would then be used in eqn. 2 to
determine the overall utility or sustainability once the other aspects are enumerated. For
this single-strategy scenario, the land aspect conflicts with the finance aspect, as evidenced
by the lower utility (0.40 vs. 0.25); thus, we are trading off satisfaction for the land aspect
for gain in the financial aspect.

Exploring tradeoffs with a single strategy to choose from is not all that useful because
if you only have one option to choose from then the decision is easy. Thus, this approach
is much more useful with two or more strategies to choose from. Let us consider two
different strategies for managing a working grassland: Strategy 1 is continuous grazing
and Strategy 2 is intensive rotational grazing. If we assume that we value each aspect
equally, Strategy 2 provides the greatest overall satisfaction (S = 0.57; calculated using
Equation (2)). Notice that we are trading off finances (a 39% decline in UFinance from
Strategy 1 to 2; 0.55 vs. 0.37, respectively) but gaining in land resources (77% increase in
ULand; 0.31 vs. 0.70, respectively). However, we rarely value each aspect equally, so the
weights need to reflect what we are willing to trade off based on the options we have at
hand. A common technique for weighting aspects or attributes is called swing weighting.
A detailed description of swing weighting can be found at [128] (p. 220). We have provided
the outputs of a swing weighting exercise in Table 2. Notice that we now weight finances
the most, followed by land, and then the rest equally. Using the new weights, S = 0.53
for Strategy 1 and S = 0.51 for Strategy 2. The decision maker was not willing to trade
off finances for land resources but was willing to do the opposite. Thus, Strategy 1 is
the optimal choice given the decision maker’s objectives and willingness to make certain
tradeoffs. As a society, if we wanted to pay this producer to select Strategy 2 because
we collectively value land resources more, then we would have to offset the producer’s
finances to eliminate that tradeoff. Using this approach, an explicit accounting of such
is possible.

Table 2. Hypothetical utility values and swing weighing outputs for a simple, two-strategy decision
problem. We used the USRSB’s aspects for context but make no claim these values reflect theirs.

Aspect Strategy 1 Strategy 2 Swing Weighting
Utility Weight Utility Weight Rank Score Weight

Air 0.49 0.17 0.49 0.17 6 25 0.11
Land 0.31 0.17 0.70 0.17 2 35 0.15
Water 0.70 0.17 0.70 0.17 5 25 0.11

Employees 0.72 0.17 0.72 0.17 4 25 0.11
Animal 0.45 0.17 0.45 0.17 3 25 0.11

Finances 0.55 0.17 0.37 0.17 1 100 0.43

6. Conclusions

It has become increasingly clear that grasslands are a critical biome, one that makes a
tremendous contribution to the production of essential agricultural products, those that
ensure adequate nutrition to a growing global population. It has also become apparent
that as a major carbon sink, grasslands can and will play an important role in global
C-cycles with all of the attendant implications for future sustainability. It is our hope,
though, that this paper will also bring to light the crisis in biodiversity associated with
degraded grasslands. We have focused on grasslands of the eastern U.S., where avifauna,
pollinators, and perhaps soil biota are at risk and must be conserved. An approach based on
a working lands conservation model will ensure that appropriate disturbances, particularly
grazing and fire, can be implemented along with an appreciation for enhanced plant
diversity and an increased reliance on native plants. Just as importantly, a working lands
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approach can contribute to farms that are economically viable and can, therefore, remain
productive grasslands.
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