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deliver the most meaningful impact. This  
Natural Climate Solutions Habitat Management  
Brief augments those data by describing what 
actions to take.

The following brief highlights which common 
habitat management practices are likely to benefit 
grassland birds, support carbon sequestration 
and storage, and deliver important co-benefits—
including water quality, soil health, economic 
benefits, and improved resilience. Evidence 
presented was gathered through a literature 
review; please see the Methods & Areas for 
Future Research and the Appendix for details.

HABITAT IN FOCUS: U.S.  GRASSLANDS
This brief is focused on Central and Western 
grasslands and rangelands in the United States. 
Grassland birds are in the steepest decline of any 
avian group in the U.S., largely due to habitat 
loss, degradation, and climate change. Improving 
our understanding of the relationship between 
common grassland habitat management practices 
and their impact on grassland birds and carbon will 
help to halt and ultimately reverse these declines 
by supporting more intentional, outcome-oriented 
conservation actions across U.S. grasslands.

 
How to Use this Brief
This brief is primarily intended for conservation 
practitioners so that its insights can be 
integrated into adaptive management strategies, 
management plans, and regional roadmaps.

The brief also provides insights for policymakers 
and funders seeking concrete solutions to address 
climate change and biodiversity loss. For example, 
strengthening voluntary conservation programs, 
incentives, and market mechanisms aligned with 
these findings would support positive outcomes 
for birds, climate, and communities.

This brief is 
focused on 
U.S. Central 
and Western 
grasslands and 
rangelands 
and leverages a 
literature review 
to assess which 
land management 
practices benefit 
grassland birds, 
increase carbon 
storage and 
sequestration,  
and support  
other important  
co-benefits.

Background

g Cover: Cattle in 
shortgrass prairie on 
Rockin' 7 Ranch, an 
Audubon Certified 
Bird-Friendly ranch  
in Wyoming.

(this page) Horned 
Lark on May Valley 
Ranch, an Audubon 
Certified Bird-Friendly 
ranch in Colorado. 

The Importance of  
Natural Climate Solutions
One of the most powerful tools for addressing 
the dual crises of climate change and biodiversity 
loss is nature itself. When managed well, forests, 
wetlands, coasts, and grasslands can provide 
healthy habitat for birds, store enough carbon to 
deliver up to one-third of the climate mitigation 
the world needs, and help reduce threats like 
flooding, drought, and extreme heat. There is 
no viable path to reaching the global targets for 
limiting temperature rise without putting these 
natural climate solutions (NCS) to work.

From Canada to Chile, Audubon and partners 
are implementing NCS at the size and scale 
needed to address the environmental challenges 
we face. Through this work, Audubon aims to 
keep 30 billion tons of carbon stored in forests, 
wetlands, and grasslands, with additional 
carbon sequestered each year. Beyond our own 
conservation actions, we are catalyzing action by 
others, ensuring bird-friendly NCS are adopted 
at the scale required to mitigate the climate and 
biodiversity crises.

FOCUSED ACTION
Audubon’s 2021 Natural Climate Solutions Report,  
offered a roadmap for climate-smart conservation 
by identifying priority locations for protection, 
better management, and restoration to maximize 
carbon storage while supporting bird populations. 
Audubon's 2025 publication in Scientific Reports 
pinpoints where conservation efforts would 
provide a triple benefit to protect bird habitat, 
naturally store carbon, and improve the well-being 
of local communities that have been under-
represented in conservation efforts.

The maps in these two studies provide tools 
that illuminate where conservation action can 

https://www.audubon.org/natural-climate-solutions-report
https://www.audubon.org/press-room/new-study-reveals-where-conservation-can-deliver-birds-communities-and-climate
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Summary
This brief evaluates eight common grassland 
management practices for their potential to benefit 
grassland birds, increase carbon storage and 
sequestration, and support important environmental 
and social co-benefits. In Table 1, the practices are 
classified based on their alignment with the natural 
climate solutions categories: protect, better manage, 
and restore. Each practice was scored based on the 
likelihood and strength of evidence of benefits. Key 
insights per practice are summarized below, with 
more detail included in the Appendix.

Across the practices reviewed, most 
demonstrate the potential to deliver multiple 
benefits simultaneously. The majority show 
evidence of “triple-win” performance—benefits to 
grassland birds, carbon, and co-benefits—under 
appropriate conditions, with many supporting two 
outcome areas. Only one practice consistently 
exhibits high sensitivity to context, suggesting 
that positive impacts are likely when practices are 
applied thoughtfully. 

The evidence reviewed further underscores 
that grassland management outcomes are 
strongly shaped by local ecological, climatic and 
management context, and that the same practice 
may produce different results across landscapes 
depending on how and where it is applied. These 
findings are intended to support prioritization and 
decision-making, not to prescribe uniform solutions.

Triple-Win Practices:
For practitioners seeking the greatest likelihood of 
multiple positive outcomes, four practices show 

consistent evidence of benefits across all outcome 
categories evaluated:

•	 Adaptive grazing
•	 Protect wetlands from grazing
•	 Control of invasive species 
•	 Plant native species 

These practices offer the highest certainty and 
lowest-risk pathways to realizing benefits for birds, 
carbon, and broader grassland resilience.

Double-Benefit Practices:
Three practices show strong evidence of delivering 
double benefits—supporting birds or increasing 
carbon storage while also providing clear and well 
documented co-benefits:

•	 Control of woody encroachment 
•	 Reduce insecticide use
•	 Prescribed fire in low tree-cover rangelands

These practices reliably generate meaningful 
outcomes, with benefits often strengthened when 
aligned with site conditions, implementation 
methods, and management intensity. 

Highly Context-Dependent Practices:
One practice shows outcomes that are  
strongly influenced by design, timing, and local 
conditions, offering meaningful opportunities 
to support both bird and carbon benefits when 
implemented thoughtfully. This practice benefits 
from careful planning and adaptive management 
to optimize outcomes:

•	 Patch-burn grazing

Across the 
eight grassland 
management 
practices 
reviewed, most 
demonstrate 
the potential 
to deliver 
multiple benefits 
simultaneously—
supporting 
outcomes for 
grassland birds, 
climate change, 
and other 
important  
co-benefits.

Findings

g Calves on Two 
Rivers Ranch in 
the Nebraska 
Sandhills. Audubon's 
Conservation 
Ranching program 
works with farmers 
and ranchers to 
certify grasslands 
as beneficial bird 
habitats. 
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The following practices show the strongest and 
most consistent evidence of bird benefit: adap-
tive grazing, protecting wetlands from grazing, 
reducing pesticide use, controlling invasive plant 
species and woody encroachment, and native 
planting. Patch-burn grazing offers trade-offs 
between benefits and harms to different species. 
Prescribed fire shows the most variable and con-
text-dependent bird responses. 

Carbon outcomes are consistently positive for 
practices that protect or restore existing vege
tation and soil structure. This is particularly true 
for adaptive grazing, wetland protection, planting 
native species, removing invasive plant species, 
and prescribed fire in low tree-cover rangelands. 

The carbon dynamics of woody encroachment 
control are nuanced and context dependent, but 
they generally shift carbon toward more resil-
ient below-ground reserves without reducing 
total sequestration capacity. Patch-burn grazing 
shows more context dependent or inconclusive 
carbon results, and the direct impact of pesticide 
reduction on carbon storage is largely unknown.
 
Co-benefits including improved water quality, 
soil health, biodiversity, resilience, and pro-
ductivity are evident across nearly all prac-
tices. In several cases, they represent the most 
consistent and well-documented outcome of the 
practices reviewed. 

Adaptive grazing, 
protecting 
wetlands 
from grazing, 
controlling 
invasive plant 
species, and 
planting native 
species stand 
out as the most 
reliable triple-
win practices for 
birds, carbon, 
and grassland  
co-benefits. 

TABLE 1 
Evidence Summary: Grassland Habitat Management Practices
 
PRACTICE NCS CATEGORY GRASSLAND BIRDS CARBON CO-BENEFITS

Adaptive grazing MANAGE

•	Biodiversity
•	Productivity
•	Resilience
•	Soil health
•	Water

Protect wetlands  
from grazing PROTECT/RESTORE

•	Biodiversity
•	Soil health
•	Water

Control of invasive 
plant species MANAGE/RESTORE

•	Biodiversity
•	Productivity
•	Soil health
•	Water

Plant native species RESTORE
•	Biodiversity
•	Soil health
•	Water

Control of woody  
encroachment PROTECT/MANAGE

•	Biodiversity
•	Productivity
•	Soil health
•	Water

Reduce insecticide use MANAGE
•	Biodiversity
•	Soil health
•	Water

Prescribed fire MANAGE
•	Biodiversity
•	Productivity
•	Resilience
•	Soil health

Patch-burn grazing MANAGE
•	Biodiversity
•	Productivity
•	Resilience
•	Soil health

??

xx

??xxLikely to be beneficial
ICON  
KEY Context-dependent Trade-offs between  

benefits and harms Unknown effectiveness
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Key Insights By Practice

Co-benefits: The most consistent 
co-benefits of adaptive grazing 
involve improvements in soil prop-
erties, water infiltration, and soil 
microbial communities, with down-
stream gains in drought resilience 
and extended grazing season 
length.2,5,6 Evidence also supports 
improvements in arthropod diversity.7 
In semiarid rangelands, high stock 
densities can reduce livestock weight 
gain by 11-16%; adaptive grazing ad-
dresses this directly by continuously 
calibrating stocking rates to local 
forage productivity.8 

Protect Wetlands From 
Grazing 
 
 
 
 
 
 

 
Birds: Wetlands are key habitats for 
a variety of bird species. There is 
strong and consistent evidence that 
restoring, enhancing, and protecting 
wetland areas from livestock grazing 
(e.g., through riparian fencing or 
other means of livestock exclusion) 
increases bird species richness and 
bird abundance, and provides habitat 
for wetland-dependent species.9–12 
Wetlands also support larval stages 
of emergent aquatic insects that are 
essential prey for aerial insectivores 
and other grassland birds.13,14

Carbon: Wetland soils are an 
important carbon sink. Livestock 
exclusion from, and protection and 
restoration of, wetland and riparian 

Adaptive Grazing 
 

 
 
Birds: Adaptive grazing is a goal-ori-
ented approach to livestock man-
agement in which stocking rates, 
timing, and duration of grazing are 
continuously adjusted in response 
to monitored ecological conditions 
rather than fixed schedules or pre-
determined rotations. It supports 
grassland birds when stocking rates, 
timing, and duration are continuously 
adjusted in response to monitoring 
of residual vegetation and forage 
availability. Deliberate variation in 
disturbance intensity across space 
and time is more likely to support 
a broad bird community than any 
single system applied uniformly.1,2 

Site-level bird monitoring linked to 
explicit management benchmarks is 
recommended alongside any man-
agement change.

Carbon: Adaptive grazing shows 
documented benefits for soil carbon 
and greenhouse gas dynamics, 
particularly methane uptake and 
suppression of temperature-driven 
carbon dioxide emissions, with 
effects mediated by improvements 
in soil microbial communities.3 

Carbon outcomes in grazed systems 
are strongly driven by stocking rate 
and precipitation, which adaptive 
management continuously calibrates 
through ongoing adjustment of 
grazing pressure to forage availability 
and recovery conditions.4  

areas is generally found to positively 
impact both soil carbon storage15–17 
and belowground biomass, a 
precursor to soil carbon storage.18

Co-benefits: Protecting wetlands 
from grazing improves water 
quality and water retention, slows 
infiltration, maintains stream bank 
stability, promotes both wetland 
plant community diversity and 
native riparian plant abundance, and 
provides habitat for fish and other 
wildlife. However, targeted grazing 
or short-term livestock exclusion 
can be effective management 
alternatives on wetland sites where 
invasive plant species such as reed 
canarygrass are abundant.19 

Control of Invasive Plant 
Species 
 
 

 

Birds: Invasive plant monocultures 
degrade the structural mosaic 
of grasslands and can lead to a 
significant decrease in grassland-
obligate bird densities. Removing 
invasive plant species is a primary 
mechanism for restoring populations  
of imperiled bird populations, such  
as Grasshopper Sparrow and  
Savannah Sparrow.20–25

Carbon: While invasive species may 
appear productive, they shift carbon 
into volatile surface pools and 
accelerate turnover, whereas native 
grasslands are more efficient at 
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sequestering carbon into stable, long-
term underground reservoirs.26–31

Co-benefits: Controlling invasive 
species, beyond reversing biodiver-
sity loss, restores hydrological health 
and helps to improve economic 
outcomes where invasive species 
have reduced grazing capacity and 
land values.20,32–41 The management 
of invasive plant species includes 
prioritizing the defense of intact core 
habitats and removing small patches 
before they become unmanageable.34 

Strategies should be multi-faceted, 
integrating biological, mechanical, 
and chemical controls—including 
adaptive grazing, mowing,  
herbicide, prescribed burning,  
and active reseeding.   

Plant Native Species 

 
 

Birds: Native planing can be 
beneficial for grassland birds such 
as the Dickcissel. The most effective 
approach depends on the context 
and may include strategies such as 
integrating strips of native grasses 
within cropland, interseeding within 
existing prairie, or combining native 
seeding and planting with herbicide 
treatments or composting.42,43

Carbon: Of the reviewed literature, 
two thirds of studies show a consistent 
positive relationship between native 
planting and grassland/rangeland 
carbon storage. Application methods 
such as native seed drilling paired 
with compost application increase the 

likelihood and magnitude of carbon 
sequestration.44–49

Co-benefits: Native planting  
practices have demonstrated  
numerous ecological co-benefits, such 
as increased biodiversity,  
native plant abundance, and general  
vegetation health.50–57 

Control of Woody 
Encroachment  
 

 
 

 
Birds: There is strong and consistent 
evidence that woody plant 
encroachment (WPE) substantially 
decreases the density of grassland 
birds, such as Lesser Prairie-Chicken, 
Baird’s Sparrow, Sprague’s Pipit and 
Greater Sage Grouse. Removing 
woody plants is a primary mechanism 
for restoring populations of imperiled 
grassland-obligate birds.58–67 

Carbon: Management of WPE (WPE) 
is generally found to increase below 
ground carbon storage in the mid- to 
long-term by shifting carbon from 
vulnerable aboveground biomass to 
stable, belowground pools without 
reducing total sequestration capacity. 
While encroachment increases above-
ground carbon storage, this carbon is 
easily lost to wildfire; native grasslands 
offer deep, resilient sequestration.68–81

Co-benefits: Restoring grasslands  
by removing WPE re-establishes 
critical hydrological functions,  
including groundwater recharge and 
streamflow, while mitigating soil 

erosion and stabilizing soil organic 
matter. These interventions trigger 
a multi-taxonomic biodiversity 
rebound and secure the long-term 
economic viability of rangelands by 
protecting native forage production. 
Realizing these benefits requires 
a multi-faceted strategy that 
integrates immediate removal—
typically through prescribed 
fire—with long-term stabilization 
through practices such as adaptive 
grazing, reseeding, and continued 
use of prescribed fire. Of note, WPE 
control frameworks must distinguish 
undesirable brush encroachment 
from the vital need to retain legacy 
native trees, such as open-canopy, 
low-density oaks in savanna systems 
that provide multiple benefits for 
birds, carbon, and more.27,61,65,72,73,75,81–92 

Reduce Insecticide Use 
 

 
 

 
Birds: Reducing use of neonicotinoids 
and other insecticides lowers 
mortality and reproductive harm 
to birds and restores insect prey 
populations and food webs 
that support bird populations, 
such as Eastern and Western 
Meadowlarks.93–96

 
Carbon: The impact of reducing 
insect pesticide use on carbon 
dynamics remains poorly 
understood. While existing literature 
demonstrates insecticides can alter 
soil microbial communities and 
invertebrate populations, key  
drivers of carbon cycling, there is a 
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lack of field-based evidence linking 
these effects to changes in soil 
organic carbon.97,98  

Co-benefits: Reducing neonicotinoid 
and ivermectin pesticide use improves 
water quality for livestock and 
downstream aquatic ecosystems. In 
addition, reducing neonicotinoids and 
pyrethroids can improve beneficial 
insect populations by increasing 
dung beetle abundance,98 wild 
bee occurrences,99 and butterfly 
abundance and richness.100 Other 
management considerations: 
Improving rangeland conditions 
can reduce the need for chemical 
pest control. Insecticides should be 
used only when warranted based 
on existing pest populations, and 
they should be selectively applied to 
target areas as needed rather than in 
advance (e.g., avoid seed treatments). 
Prioritize pest control chemicals that 
break down quickly, have low toxicity, 
are applied at the minimum effect rate 
and after July to avoid peak nesting 
periods.101–103 Other mechanisms 
to reduce pesticide use, such as 
integrated pest management, can 
promote pollinator conservation.99 

Prescribed  
Fire

 
 

 
Birds: Prescribed fire is a 
foundational management tool, 
and the key questions relate to 
appropriate implementation. In 

fire-dependent prairie systems, 
the absence of fire is itself a driver 
of degradation. Bird responses to 
prescribed fire are highly variable 
and species-dependent, meaning 
burns should be paired with ongoing 
monitoring of abundance (and 
nesting success if high predation is 
suspected) rather than assumed to 
be uniformly beneficial.104–107 

Carbon: While prescribed burns 
release carbon in the short term, 
when implemented in rangelands 
with low tree densities (<26% tree 
cover), they support better long-term 
carbon storage than either wildfire 
or fire suppression by protecting soil 
carbon reserves and reducing the 
risk of severe, high-intensity fires.109,110 
Note that this threshold is specific to 
the rangeland carbon literature and 
does not reflect fire’s role in other 
fire-dependent systems.

Co-benefits: Prescribed fire can 
meaningfully suppress invasive 
plant species and restore native 
vegetation; in oak savanna in 
particular, fire is the primary lever for 
reversing woody encroachment and 
restoring characteristic structure.111–113 
Durable results typically require 
repeated burns, strategic timing, 
and integration with complementary 
practices like managed grazing.114,115 

Prescribed fire also supports soil 
health,116 and reduces wildfire risk 
by decreasing fuel loads, lowering 
the likelihood of high-severity fire 
events that are more damaging to 
both ecosystems and communities.117 

Together, these outcomes contribute 
directly to productivity, biodiversity, 
and long-term ecosystem resilience. 

Patch-Burn Grazing 
 

 
 
Birds: Patch-burn grazing 
(PBG)—a management strategy 
that concentrates grazing within 
rotationally burned portions of 
pasture—delivers benefits for some 
grassland birds at the pasture 
scale, generally improving habitat 
availability and breeding site 
selection.118–120 However, species 
requiring tall or dense structure for 
nest concealment (e.g. Lark Bunting) 
have shown significant declines in 
patch-burned relative to unburned 
pastures regardless of time since 
burn.121 Fragmentation, high stocking 
rates, predation, parasitism, and 
drought can constrain or offset 
avian diversity benefits. In highly 
fragmented landscapes, low stocking 
rates and periodic rest from grazing 
in unburned areas may be required to 
achieve a diverse bird community.121,122 

Carbon: When implemented within 
appropriate scales, stocking rates, 
and landscape context, PBG impacts 
on carbon are neutral to positive, 
with limited or no negative impacts 
on soil carbon stocks.120,123,124  

Co-benefits: Potential co-benefits of 
PBG include improved forage quality, 
invasive species control, vegetation 
beta diversity (turnover in species 
composition across patches) and 
structural heterogeneity, microbial 
abundance, ecosystem function, pro-
ductivity, and drought resilience.124–128 
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CONSERVATION PRACTITIONERS  
& LAND STEWARDS
These findings are not a prescriptive playbook, 
but a synthesis of where the evidence most 
consistently points across U.S. grasslands. Used 
alongside local knowledge and tailored to local 
context, they can help practitioners prioritize 
actions with a higher likelihood of delivering 
multiple benefits.

We recommend that practitioners prioritize 
actions with the highest likelihood of multiple 
benefits, while remaining responsive to local  
conditions and producer goals.

1 �Lead with practices that show the strongest, 
most consistent multi-benefit outcomes 
Adaptive grazing, protecting wetlands from 
grazing, control of invasive plant species, 
and planting native species offer the most 
reliable pathways to triple-wins—simultaneous 
benefits for birds, carbon storage, and overall 
grassland resilience. These areas provide a 
strong ecological foundation and should be 
prioritized as core components of broader 
grassland management strategies. 

2 �Pair high‑confidence actions with Double‑ 
Benefit practices to expand gains Sever-
al practices show strong evidence of either 
bird or carbon benefits, alongside clear and 
well‑documented co‑benefits. Controlling 
woody encroachment, reducing insecticide 
use, and prescribed fire in low tree‑cover 
rangelands often deliver meaningful additional 
outcomes when tailored to site conditions. 

These practices can complement triple-win 
practices and help scale benefits across  
working grasslands.

3 �Let local context guide implementation, 
particularly for bird outcomes 
Across nearly all practices evaluated, bird 
responses are more variable than carbon 
or co‑benefits. Practitioners should expect 
differences among species and guilds and 
design management with focal species, 
habitat structure, and timing in mind. Aligning 
practices with local ecological conditions 
can help strengthen positive outcomes for 
grassland birds.

4 �Apply Highly Context-Dependent  
practices with clear objectives and  
adaptive management  
Patch-burn grazing can deliver bird and carbon 
benefits when thoughtfully designed. These 
practices are most effective when guided by 
clear ecological objectives, implemented with 
flexibility in intensity, scale and timing, and 
supported by ongoing monitoring to guide 
adjustments over time.

5 �Elevate co-benefits in producer engagement 
Co-benefits such as improved water quality, 
soil health, drought resilience, and productivity 
are among the most consistent outcomes 
across practices. Centering these benefits can 
strengthen alignment between conservation 
goals and producer priorities.

Recommendations

g Audubon Range 
Ecologists have 
helped producer Ed 
Brown, right, improve 
bird-friendly grazing 
practices at his Two 
Rivers Ranch in the 
Nebraska Sandhills.
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POLICYMAKERS,  FUNDERS,  AND  
CONSERVATION INVESTORS
These findings highlight where public 
and private investments can most reliably 
deliver climate, biodiversity, and community 
benefits across U.S. grasslands. Rather than 
suggesting one-size-fits-all solutions, they 
point to opportunities for aligning policy and 
investment with practices that consistently 
generate multiple benefits, while maintaining 
the flexibility needed to respond to diverse 
ecological and management contexts.

We recommend aligning conservation policy 
and investments with practices most likely to 
deliver multiple benefits—while preserving 
flexibility and supporting producer-led solutions 
across diverse landscapes.

1 ��Prioritize support for high-confidence, 
multi-benefit practices 
Public and private investments are likely 
to achieve greater returns by emphasizing 
practices with strong evidence of multi-
benefit outcomes—particularly adaptive 
grazing, protecting wetlands from grazing, 
control of invasive species, and planting native 
species. Additional support for double-benefit 
practices—including woody encroachment 
control, reduced insecticide use, and 
prescribed fire in appropriate contexts—can 
further expand climate and biodiversity gains.

2 �Build flexibility into program design  
Because outcomes are shaped by local 
ecological and management conditions, 
conservation programs are often more effective 
when they allow for regionally appropriate 
implementation and encourage adaptive 
management rather than rigid prescriptions.

3 �Treat co-benefits as core outcomes  
Improved soil health, drought resilience, 
and productivity are core benefits of many 
practices reviewed. Recognizing these 
benefits explicitly in conservation programs 
can strengthen cross-sector value, increase 
producer participation, and enhance durability 
of investments.

4 ���Invest in monitoring, technical assistance, 
and targeted research 
Variability in outcomes and strong context 
dependence underscores the importance 
of practice-level monitoring and evaluation, 
and the value of research aimed at improving 
implementation effectiveness and regional 
outcomes. Strengthening local technical 
assistance—including support for Technical 
Service Providers qualified by Natural 
Resources Conservation Service (NRCS)  
and other trusted non-profit organizations—
can help translate science into successful 
on-the-ground implementation.

5 �Support management pathways rather  
than single practices 
Evidence suggests that conservation 
success often comes from sequences and 
combinations of actions over time, not  
isolated practices. Programs that support 
flexible, producer-led management pathways 
allow practices to build on one another, 
reflecting how grassland systems function 
and how management decisions are made 
in practice. Longer-term, flexible program 
frameworks can better enable sustained, 
multi-benefit outcomes.

Audubon  
Conservation  

Hyacinth Macaw 

Audubon 
Conservation 
Ranching 
The Audubon Conservation 
Ranching program works with 
farmers and ranchers to protect 
and enhance bird habitat 
across United States grasslands 
through market-connected 
conservation. The program 
certifies lands managed 

with bird-friendly practices 
and connects participating 
producers to consumers and 
companies seeking to support 
biodiversity, healthy grasslands, 
and resilient working lands.

The practices highlighted  
in this brief—including adaptive 
grazing, restoring native plant 
species, protecting wetlands 
from grazing, and managing 
invasive species and woody 

encroachment—align with 
the program’s science-based 
approach to sustaining grassland 
ecosystems while supporting 
agricultural productivity. By 
pairing conservation outcomes 
with economic opportunity, 
Audubon Conservation 
Ranching demonstrates how 
working lands can support birds, 
store carbon, and strengthen 
rural resilience. 

Learn more: audubon.org/ranching

http://audubon.org/ranching
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Evidence for each practice was gathered through 
structured literature searches in Web of Science 
and Google Scholar, supplemented by NRCS 
and U.S. Geological Survey (USGS) white papers 
where published literature was limited. Searches 
combined practice-specific keywords with carbon, 
bird, location, and ecosystem terms; results 
were saved and organized by practice in Zotero, 
manually filtered for relevance, and synthesized 
after reviewing the available literature to a point 
of thematic saturation. Findings for each practice 
were then summarized and classified across 
grassland bird, carbon, and co-benefit outcomes, 
using an icon system reflecting the strength and 
direction of available evidence. 

Several evidence gaps exist across the 
practices evaluated. The relationship between 
grassland management and soil carbon dynamics 
is understudied or methodologically limited for 

some practices evaluated here, making it difficult 
to draw firm conclusions across all practices. 
Pesticide research presents a clear example: while 
the harms of neonicotinoid and ivermectin use are 
reasonably well documented, limited regulatory 
pressure and the difficulty of isolating pesticide 
effects in large, heterogeneous landscapes have 
left the question of what reduction or recovery 
looks like in U.S. grassland contexts largely 
unanswered. Bird responses to many practices 
are highly variable and species-dependent, 
underscoring the value of site-level monitoring 
paired with any management change. More 
broadly, field-based research directly examining 
these relationships in U.S. grassland and rangeland 
contexts is limited and expanding that evidence 
base will be essential to refining guidance and 
building confidence in these practices as natural 
climate solutions.

Methods 
& Areas 
for Future 
Research

g Western 
Meadowlark on 
Rockin’ 7 Ranch, 
an Audubon 
Certified Bird-
Friendly ranch in 
Wyoming.
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