
August 2018Science Technology Inovation Program

By Anne Bowser and William Alexander Long

TOWARDS A COORDINATED APPROACH 
TO NATIONAL BIODIVERSITY MONITORING 
AND MANAGEMENT

Why Biodiversity, Why Now?

From the Grizzly Bears in Denali National Park to 
the Swamp Rose Mallow flower in the Adirondacks, 
biodiversity is a unique national asset. Biological 
diversity, or biodiversity, refers to the variety of life 
on Earth in terrestrial, marine, and freshwater; the 
genetic variation among different life forms; and, the 
communities and ecosystems that life is part of and 
sustains.2 

Biodiversity and supporting ecosystems provide 
humans with many important services.3 Provisioning 
services guarantee access to resources including 
clean water, wild species for food, raw materials in‑
cluding lumber, and medicine.  Regulatory services 
keep our natural environment in balance.  Local 
biodiversity can help mitigate invasive species, 
responsible for over $120 billion in damages each 

“If it cannot be measured, it cannot be managed.” 
 ‑ Aphorism shared by Steve Osofsky, Director of 

Health Policy at the Wildlife Conservation Society and Coordinator of the  
Health & Ecosystems: Analysis of Linkages (HEAL) Consortium.1
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year,4 while ecosystems like wetlands act as buffers 
against extreme weather events and natural disas‑
ters.  Supporting services, such as soil formation, 
offer the building blocks for life and enable a healthy 
agricultural industry.  Cultural services include the 
aesthetic, spiritual, and recreational benefits that 
biodiversity offers Americans, including Native 
American Tribes.  These cultural services have both 

intrinsic and financial value ‑‑ recreational hunting 
and fishing alone generate $144 billion in revenue, 
and support 480,000 American jobs, each year.5  The 
benefits of biodiversity and ecosystems are signif‑
icant on the national level, but as one of only 17 
countries designated as megadiverse, the U.S. also 
has a global stewardship responsibility.

Concept Definition

Biodiversity
The variety of life on Earth in terrestrial, marine, and freshwater ecosystems; 
the genetic variation among these; and, the complex assemblages of com‑
munities and ecosystems that life is part of and sustains.

Ecosystem A complex biological network of organisms interacting with their physical 
environment and each other.

Ecosystem 
Services 

The benefits that flow from nature to people, including nature’s contributions 
to the production of food and timber; life‑support processes; and, life‑fulfilling 
benefits. 

Conservation The management of human use of organisms or ecosystems to ensure that 
such use is sustainable.

Monitoring The consistent and sustained process of documenting living or non‑living 
factors in a defined region.  

Assessment The analysis of data, usually for the purpose of evaluating the efficacy of a 
program, a policy, or assessing the needs of a certain environment.

Essential Biodi-
versity Variables 
(EBVs)

The derived measurements required to study, report, and manage biodiversi‑
ty change.

Group on Earth 
Observations 
(GEO)

An intergovernmental partnership working to improve the discoverability, 
accessibility, and use of Earth observations for the benefit of society.

Biodiversity Ob-
servation Network 
(BON)

Networks, accredited by the GEO BON community, that monitor biodiversity 
trends and changes within a nation, region, or across thematic areas (e.g. 
marine systems), following and applying GEO BON principles, not only for 
a greater understanding of the region it oversees, but also to allow for the 
development of an interoperable international network for more powerful 
biodiversity observations.



Science Technology Inovation Program August 2018

3

One early global assessment concluded that cur‑
rent demands on ecosystems are causing unprec‑
edented rates of change, suggesting that 60% of 
ecosystem services are being depleted or used un‑
sustainably.6  Impacts on biodiversity are broad and 
far‑reaching.  The 2016 State of North America’s 
Birds Report, jointly financed by governments of 
the United States, Canada, and Mexico, concluded 
that more than one‑third (37%) of North American 
avian species are “at risk of extinction without 
significant conservation action.”7  Further, many 
endangered species lack effective management 
strategies.  Researchers from the U.S. Geological 
Survey (USGS) studying 35 endangered amphibian 
species found that delays between endangered 
listings and the development of recovery plans 
ranged from two to 29 years.8

Understanding biodiversity requires studying a 
species of interest while considering complex 
relationships with a wide range of biotic and abiotic 
factors that support healthy ecosystems or drive 
change.  Factors that drive biodiversity change 
unfold on local to global scales, requiring different 
stakeholders with a range of monitoring capabili‑
ties and management mandates to work together.9  
Monitoring and managing our national biodiversi‑
ty through conservation is, therefore, an urgent 
challenge that requires domestic coordination and 
global cooperation to meet. 

Department of the Interior (DOI) Secretary Ryan 
Zinke highlighted the value of biodiversity while 
promoting public land hunting and game use, but 
more should be done to increase government and 
public knowledge on biodiversity loss, especially 
as ecosystem services are under threat. The U.S. 
needs to establish biodiversity as a national asset 
and take concrete steps towards establishing a 
coordinated approach to biodiversity monitoring.  A 
national strategy should be developed specifically 
for the United States, must consider the balance 
of power and responsibility between Federal, 
State, and Tribal authorities, and should promote 
multi‑sector partnerships.  It should leverage 
existing capacity to help coordinate and mobilize 
activities around clearly defined policy objectives 
identified with support from national and interna‑
tional authorities.  A national strategy could also 
leverage and build upon innovations including the 
Essential Biodiversity (EBV) framework and the 
Group on Earth Observations Biodiversity Obser‑
vation Network (GEO BON) network structure.  
Such a plan, and coordinated monitoring approach, 
would enable the U.S. to monitor and manage criti‑
cal national resources and more effectively contrib‑
ute to global assessments.
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The Policy Context

Global Biodiversity Policy

Several international treaties support biodiversity 
and establish conservation goals.  The broadest 
and most important is the Convention on Biologi‑
cal Diversity (CBD), an agreement with objectives 
including “conservation of biological diversity, the 
sustainable use of its components, and the fair 
and equitable sharing of the benefits arising from 
commercial and other utilization of genetic resourc-
es.”  After several years drafting global legislation 
to support CBD, then‑President George H.W. Bush 
declined to sign the legislation at the Rio Earth 
Summit in 1992.  President Clinton signed the CBD 
in 1993 and the Senate Foreign Relations Commit‑
tee endorsed ratification by a vote of 16 to 4, but a 
hold was put on the vote and no action to ratify the 
Convention has occurred. Outside of the U.S., 196 
parties including 195 countries and the European 
Union are party to this convention.  Critics argue 

that failing to ratify the CBD signals a lack of com‑
mitment to the global environment that undermines 
historic U.S. leadership.  Legal scholars paint a more 
complex picture, noting that while some provisions 
of the CBD ‑‑ including enacting national legislation 
‑‑ are compatible with U.S. policy, other provisions ‑‑ 
including those around financial allocation, technolo‑
gy transfer, and biotechnology ‑‑ either benefited de‑
veloping countries at the expense of the U.S. or are 
inconsistent with other policy platforms.10  The U.S. 
also contributes to the Global Environment Facility 
which includes funding for biodiversity conservation 
efforts worldwide but does not support monitoring 
activities.

Beyond the CBD, several multilateral treaties offer 
different protections.  The Convention on Interna‑
tional Trade of Endangered Species of Wild Fauna 
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and Flora (CITES) is an important treaty initially 
agreed to at a 1973 meeting of 80 countries held in 
Washington.  Other multilateral agreements, includ‑
ing the Convention on the Conservation of Migra‑
tory Species of Wild Animals, protect certain taxa.  
Still others, such as the Convention on Wetlands or 
Ramsar Convention, protect wetland ecosystems 
and ecosystem resources. The U.S. has ratified and 
is active in the implementation of both these and 
several other biodiversity related Conventions.

Perhaps most importantly, in September 2015, the 
193 countries of the United Nations (UN) General 
Assembly adopted a 2030 development agenda 
with a set of 17 goals known as the Sustainable 
Development Goals (SDGs). Among these are goals 
numbered 6, 14, and 15, which aim to work towards 
sustainable and healthy life on land and in the water. 
Among the agreements in these goals are objec‑
tives to halt biodiversity loss and sustainably man‑
age global ecosystems for the benefit of societies.

U.S. Policy: The Legislative Branch

Conservation of biodiversity, ecosystems, and the 
environment are long‑standing federal policy prior‑

ities with bipartisan support.11 Early conservation 
laws include the Lacey Act of 1900, which guides 
U.S. wildlife imports and exports, and the Federal 
Aid in Wildlife Res‑
toration Act of 1937, 
which allocates 
an 11% excise 
tax on firearms 
and ammunition 
to conservation 
and restoration. 
The Endangered 
Species Act of 
1973 (ESA) out‑
lines provisions for 
protecting threatened and endangered species 
and their habitats and is linked to our international 
commitments through the CITES treaty.  Targeted 
laws complementing these broad guidelines include 
the Bald and Golden Eagle Protection Act of 1940, 
the Marine Mammal Protection Act of 1972, and the 
Wild Bird Conservation Act of 1992. 

Many conservation laws tap a federal agency to lead 
implementation.  With the Department of Interior 

Early conservation laws 
include the Lacey Act of 
1900, which guides U.S. 

wildlife imports  
and exports, and the  

Federal Aid in Wildlife  
Restoration Act of 1937.
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(DOI) acting as the scientific authority, the U.S. Fish 
and Wildlife Service (USFWS) is charged with imple‑
menting the ESA.  The Marine Mammal Protection 
Act established a new agency, the Marine Mammal 
Commission, to work with the National Oceanic 
and Atmospheric Administration (NOAA) on  
implementation.  

In addition to conservation, Congress also issues 
guidance on biodiversity monitoring.  The National 
Forest Management Act of 1976 directs the U.S. 
Forest Service (USFS) to use monitoring and as‑
sessment to evaluate the effects of management on 
forested lands.  The National Wildlife Refuge System 
Improvement Act of 1997 gave USFWS manage‑
ment power over the Refuge system, a network of 
lands and waters specifically designated for conser‑
vation and monitoring, and requires the Secretary of 
the Interior to “ensure that the biological integrity, 
diversity, and environmental health of the System 
are maintained for the benefit of present and future 
generations of Americans.”  The National Parks Om‑
nibus Management Act of 1998 set up the National 
Park Services Inventory & Monitoring (I&M) pro‑

gram to provide information on long‑term trends.

Other conservation laws hold the states responsi‑
ble.  The Federal Aid in Wildlife Restoration Act of 
1937 set a precedent for federal‑state cooperation 
by mandating that DOI allocates proceeds from 
the excise tax directly to the States.  This law has 
been amended numerous times, including in 2000, 
when Congress created the State Wildlife Fund 
(SWG) program to help the states conserve sensi‑
tive species not traditionally hunted or fished.  The 
2000 amendment also ordered states to maintain 
and approve State Wildlife Action Plans (SWAP)s 
that identify and help protect the most vulnerable 
species.  

U.S. Policy: The Executive Branch

Over the last few decades, both Democrat and Re‑
publican‑led administrations have enacted policies 
to support biodiversity and ecosystem conservation.  
In response to a charge by President Clinton, the 
former President’s Council of Advisors on Science 
and Technology (PCAST) released Teaming with Life: 
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Investing in Science to Understand and Use Ameri-
ca’s Living Capital in 1998.12  This report established 
the “essential linkage between the economy and 
the environment” and recommended increased 
federal investment in biodiversity research and 
monitoring. 

In 2004, the second Bush Administration released 
an executive order on Facilitation of Cooperative 
Conservation that called for agencies to work 
together and with the private sector to achieve 
conservation outcomes.  A second PCAST report, 
released in 2011 under the Obama Administration, 
identified priorities including the establishment of 
a national biodiversity and ecosystems services 
assessment; support for the Intergovernmental 
Science‑Policy Platform on Biodiversity and Ecosys‑
tem Services (IPBES); expanded agency activities; 
identification and prioritization of monitoring gaps; 
and the establishment of a new open data resourc‑
es including the EcoINFORMA platforms and hubs.13  
The Obama Administration also offered guidance on 
Safeguarding the Nation from the Impacts of Inva-
sive Species and Incorporating Ecosystem Services 
into Federal Decision Making, though guidance on 
ecosystem services failed to link these services to 
biodiversity. 

Progress towards these and similar policy objectives 
has been mixed.  The range of legislative mandates 
relevant to conservation and biodiversity monitoring 
shows that these are critical priorities with bipar‑
tisan support.  The executive order Facilitation of 
Cooperative Conservation led to a workshop that 
convened private and public sector stakeholders, 
and a report describing 152 profiles of cooperative 
conservation efforts.14  The U.S. now participates in 
IPBES. Data.gov hosts the EcoINFORMA platform, 
which links to the USGS database Biodiversity 
Information Serving Our Nation (BISON), the Envi‑

ronmental Protection Agency (EPA)’s EnviroAtlas, 
and a Land Cover database maintained by multiple 
agencies.15  But despite calls from government, 
university, NGO, and private sector researchers,16 
there is currently no national biodiversity strategy, 
no agreed‑upon framework for systematic biodi‑
versity monitoring, and no governance structure to 
lead implementation.  Further, some (but not all) 
policy guidance establishes the value of biodiversity 
via links to ecosystem services, and some (but not 
all) effectively connects the outputs of biodiversity 
monitoring to assessments of conservation goals 
and outcomes. 

Biodiversity Monitoring in 2018 

Monitoring should, and 
often does, begin with 
the development of 
management goals or 
objectives.  On a global 
scale, the Aichi Targets 
are one set of objec‑
tives that the CBD has 
advanced to help priori‑
tize monitoring through 
2020.17  The UN‑SDGs 
are a second set of international objectives linked 
to the Aichi Targets. While the U.S. lacks a set of 
national biodiversity objectives, different agencies 
have advanced various priorities.  For example, the 
United States Agency for International Development 
(USAID) has a comprehensive biodiversity moni‑
toring policy with objectives including “integrate 
conservation and development for improved biodi-
versity and development outcomes” and “influence 
key international policies in support of biodiversity 
conservation.”18

But despite calls from 
government, university, 

NGO, and private sec‑
tor researchers, there 

is currently no national 
biodiversity strategy...
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Who is Responsible? 

Legislative and Executive branch policies have 
resulted in a patchwork quilt of responsibilities. Fed‑
eral Agencies that monitor biodiversity or oversee 
conservation on public lands include the Bureau of 
Land Management (BLM), EPA, the National Parks 
Service (NPS), NOAA, USGS, USFS, USFWS, and 
others.  Some agencies conduct comprehensive 
monitoring, typically in response to legislative 
mandates.  In addition to the USFS and USFWS 
programs described earlier, NOAA conducts com‑
prehensive marine sanctuary monitoring through 
their Office of National Marine Sanctuaries (ONMS).  
BLM conducts an Assessment, Inventory, and Mon‑
itoring program informed by continuing scientific re‑
search and development of methods and protocols.  
Some small‑scale coordination already exists.  NPS 
and USFWS work together on the operation of Park 
and Refuge Inventory and Monitoring (I&M) net‑
works.  Non‑governmental organizations (NGOs) like 
NatureServe also contribute through National Heri‑
tage Programs across the U.S. which help create a 
coordinated network for biodiversity monitoring and 
assessments at the state level. 

Many government programs are under evaluation.  
A 2016 report offering guiding principles and rec‑
ommendations for excellent science in the NPS 
I&M division identified outreach to the scientific 
community as a growth opportunity, and suggested 
that two NPS databases ‑‑ IRMA and NPSpecies 
‑‑ should be “modified to be more useful and usable 
[to scientific researches], or… dropped altogether.”19  
In addition to comprehensive monitoring, efforts 
also focus on monitoring and protecting threatened 
or endangered species, like through BLM’s monitor‑
ing and protection of the Greater Sage‑grouse. 

While monitoring is a key priority for land manage‑
ment agencies, other authorities are also involved.  
Obama’s memorandum on Safeguarding the Im-
pacts of Invasive Species, with continued support 
from the Trump administration, strengthened an 
interagency National Invasive Species Council 
and tasked the Department of Health and Human 
Services (HHS) with issuing a report on the public 
health impacts of invasive species. USAID considers 
biodiversity conservation a priority for sustainable 
development, the Smithsonian Institution (SI) pro‑
motes biodiversity research, and granting agencies 
such as the National Aeronautics and Space Admin‑
istration (NASA) and the National Science Founda‑
tion (NSF) fund research to advance the science 
behind biodiversity monitoring, including through 
NSF’s network of 28 Long Term Ecological Research 
(LTER) sites.  

In addition, as mandated by the Federal Aid in 
Wildlife Restoration Act, states are responsible 
for monitoring and managing threatened species 
not protected under the ESA. Local governments, 
particularly in areas where biodiversity is linked to 
tourism, also take an active interest. Further, while 
biodiversity and ecosystems are often considered 
public goods subject to government jurisdiction, 
monitoring and managing public lands is necessary 
but not sufficient for achieving a comprehensive 
understanding of biodiversity and holistic conserva‑
tion outcomes. 

Private sector interest in biodiversity is growing.  
Businesses rely on the provisioning and regulatory 
services that healthy biodiversity and ecosystems 
offer and are incentivized by access to new biotech‑
nology markets, consumer preferences, and corpo‑
rate responsibility goals. Individual citizens also have 
an important role to play.  Sixty percent of the U.S.’s 
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Due to the mosaic structure of land management, species and supporting ecosystems often fall under the jurisdiction 

of multiple authorities. For example, territory designated for the conservation of threat‑ ened and endangered species 
‑‑ illustrated by blue boundaries in the map above ‑‑ can cover land held by multiple federal authorities as well as 
private landowners.  The structure of land ownership and management is evidence to support the argument that any 
monitoring framework should recognize  a range of responsible parties, emphasizing coordination and data sharing 
between existing authorities. 

Land ownership and management in the Western United States. Map designed on CARTO.20
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land is privately held, and there are numerous ways 
to emphasize biodiversity conservation on private 
land without regulation. Members of the public also 
support research and monitoring through citizen sci‑
ence, a process where public volunteers contribute 
to scientific research to meet real‑world goals. In 
biodiversity, citizen science contributions are valued 
as highly as $2.5 billion each year21 and are used to 
inform research and policy through assessments 
like the State of North America’s Birds Report. 

Conservation Reserve Enhancement Programs are 
one example of successful partnerships between 
federal agencies, state governments, and NGOs 
that also offer private landowners financial incen‑
tives for voluntarily committing to conservation.  
The ESA’s Safe Harbor clause also asks landowners 
to voluntarily protect endangered species, prom‑
ising non‑intervention in return. These are import‑
ant examples to draw on when designing newer 
multi‑stakeholder approaches.

Piecing Together a Patchwork Quilt

In general, species‑specific monitoring and con‑
servation programs are well‑coordinated, although 
some overlap is inevitable due to the complex 
nature of land jurisdiction.  But without a coordinat‑
ed national approach to biodiversity monitoring, it is 
unclear how broader state, federal, and NGO initia‑
tives relate to each other.  The lack of a coordinated 
monitoring strategy also limits the ability of author‑
ities operating on different levels ‑‑ such as state 
governments, private companies, and public citizens 
‑‑ to effectively share information.  Silos limit the 

contributions that information collected at local or 
regional scales can make to national or global data 
sets.  But knowledge sharing networks also help 
researchers operating on smaller scales to under‑
stand how the trends they observe relate to larger 
trends, for example in the case of Alaskan seabirds 
responding to broader sub‑Arctic and Arctic changes 
in sea surface temperature.22  Finally, the absence of 
a coordinated national approach hampers our ability 
to report on progress towards international goals 
and commitments.

Working towards a coordinated national approach 
to biodiversity monitoring requires making progress 
on three fronts.  First, high‑level policy guidance 
should concretely recognize the value of biodiversity 
and ecosystem services and charge stakeholders 
to work together to monitor and, when necessary, 
help mitigate change.  Second, there needs to be 
a unified framework for data collection and interop‑
erability that can meet local, state, national, and 
international monitoring and assessment needs. The 
Essential Biodiversity Variables (EBVs) framework 
is one recent innovation that can help fill this gap.27  
Finally, a networked governance structure must rec‑
ognize contributions from federal and state agencies 
along with the private sector, NGOs, and the gener‑
al public. As one starting point, the Group on Earth 
Observations Biodiversity Observation Network 
(GEO BON) published a nine‑step BON formation 
process that illustrates one networked approach 
to monitoring and assessment that ensures local 
needs are met while maximizing broader utility.28  
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The Sage Grouse, often called the bald eagle of the west, 
is only found within the Sagebrush ecosystem of 11 
Western states from Washington to Nevada. This environ‑
ment is constantly under threat from wildfire, agricultural 
conversion, and disruption by oil, gas, and other energy 
industries.  Environmental loss has led to the steep de‑
cline in Sage Grouse populations from millions to a recent 
estimate of 500,000.  More than half of Sage Grouse 
habitat lies on public land under the jurisdiction of BLM, 
which has a conservation plan. In addition, the United 
States Department of Agriculture (USDA)’s Natural Re‑
sources Conservation Service launched the Sage Grouse 
Initiative in 2010, encouraging more than 1,474 ranchers to 
conserve 5.6 million acres of vulnerable habitat.23  

The effectiveness of these strategies was jointly called 
into question in 2015, as USFWS updated their list of 
endangered species in consultation with stakeholders 
including private ranchers, energy companies, and states.  
Listing an animal as “endangered” leads to strict regula‑
tions and makes its habitat virtually untouchable to new 
developments.  Because the Sage Grouse’s habitat is in 
11 different states, an endangered listing would impact 
11 different state economies, and many states pushed 
back on the designation.  Rhetoric highlighting economic 
concerns was countered by conservationist groups who 
cited the dwindling numbers of Sage Grouse as a call to 
action before impending extinction.

USFWS did not list the Sage Grouse as an endangered 
species in 2015, but did implement a more collaborative 
set of goals and restrictions by brokering mutually bene‑ 

ficial agreements with private landowners, tribal groups, 
and corporations.  These included strategies for private 
ranchers to restructure grazing systems and to remove 

invasives that disrupt the sagebrush. These were de‑

signed to reach conservation outcomes without evoking 
the endangered species designation; DOI Secretary Sally 
Jewel praised the effort.24  Many wildlife groups were 
disappointed, but the prominent Audubon Society came 
out in support of the decision, citing “unprecedented 
cooperation by private landowners, states, and the federal 
government.” 25

But as the current administration began its process of sys‑
tematic deregulation, DOI Secretary Ryan Zinke opened 
up a review of the program, concluding that management 
of the Sage Grouse conservation should be decided by 
the states to allow for benefits to industry and to promote 
energy acquisition.  On its face, this seems like a win 
for the states.  However, the model that Zinke’s team 
implemented raised concern among many Western gover‑
nors, who worried that too much deregulation could lead 
to drastic decreases in Sage Grouse populations which 
would then compel the USFWS to step in and evoke the 
Endangered Species listing. 

The Legislative branch has also attempted to influence the 
future of Sage Grouse conservation.  House Committee 
Chairman Rob Bishop (R‑Utah) recently submitted an 
amendment to the 2019 National Defense Act (H.R. 5515) 
which would revoke the ability for the Sage Grouse to be 
placed under the protection of the Endangered Species 
Act for the next 10 years.26 

This case study illustrates the wide range of stakehold‑
ers engaged in conservation issues and outcomes.  Any 
effective approach to conservation must take into account 
federal, state, industry, NGO, public, and private per‑
spectives.  Assessing conservation outcomes through 
biodiversity monitoring similarly requires a coordinated, 

multi‑stakeholder approach. 

The Sage Grouse, a Political Football

Photo courtesy of: Bob Wick / U.S. Bureau of Land Management 
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Innovations in Research: Essential Biodiver-
sity Variables (EBVs)

Biodiversity data are collected on a range of scales 
and resolutions, resulting in a scattered knowledge 
base that can be difficult to piece together.  In 
2013, researchers advanced the concept of Essen‑
tial Biodiversity Variables (EBVs) as a collection of 
measurements required for the study, reporting, and 
management of global biodiversity change.28  EBVs 
recognize and build on the earlier Essential Climate 
Variables (ECV) framework. Together, six classes of 
EBVs have been proposed as the key variables for 
understanding biodiversity change: genetic compo‑
sition, species populations, species traits, commu‑
nity composition, ecosystem structure, and ecosys‑
tem function.

The identification of EBV classes can help structure 
the objectives, with specific species or ecosystem 
functions determined based on stakeholder needs, 
to underpin monitoring and assessment activi‑
ties.  In addition to creating a holistic framework to 
structure the process of setting objectives, design‑
ing monitoring strategies, and selecting indicators, 
work on individual EBVs such as Species Abundance 
and Distribution can outline exactly how to collect, 
process, and store certain types of biodiversity data 
to make this information interoperable with other 
data and usable in policy tools (e.g. indicators) and 
assessments.29  Data standards and processes for 
data sharing and integration are developed collabo‑
ratively with the international Taxonomic Data Work‑
ing Group (TDWG), which provides a framework 
and tools for effective data management, access, 
and use.  Therefore, when researchers working on 
local, national, or global scales collect, process, and 
store biodiversity data in line with the EBV frame‑

work, this information can meet an immediate need 
‑‑ such as the monitoring and conservation of a vul‑
nerable species as identified through a State Wildlife 
Action Plan (SWAP) ‑‑ and can also be re‑used in na‑
tional or global assessments of biodiversity change.  

Some federal agencies are already investing in help‑
ing to develop the EBV framework.  In October 2017, 
NASA announced 8 new awards designed to help 
the U.S. government make major contributions to 
biodiversity, including by supporting work on Earth 
Observation EBVs, as part of a larger initiative jointly 
supported by NOAA and the Bureau of Ocean Ener‑
gy Management (BOEM).30  NSF has also supported 
work on EBVs that leverages the capacity of the 
National Ecological Observatory Network (NEON)31 
and leads the U.S. delegation with funding sup‑
port for the Global Biodiversity Information Facility 
(GBIF), an international network of biodiversity data 
providers.  The USGS and NOAA, through the Inter‑
governmental Oceanographic Commission, support 
the research and development of the Essential 
Ocean Variables (EOVs) for biodiversity and the data 
sharing platform the Ocean Biographic Information 
System. But despite the potential of the EBV frame‑
work to support biodiversity monitoring that meets 
local, national, and global needs, the framework is 
still largely conceptual, with a limited number of 
case studies demonstrating the potential for im‑
plementation.  Additional investments would help 
researchers and policymakers evaluate the viability 
of the EBV framework as a structural basis driving all 
future monitoring and assessment needs. 
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Innovations in Governance: The Group on 
Earth Observations Biodiversity Observation 
Network (GEO BON)

The Group on Earth Observations (GEO) is an 
intergovernmental consortium created at a meeting 
of the Group of Eight Industrialized Nations (G8) 
that currently counts 108 governments including 
the U.S. as members.  As appropriate to its mission 
of harmonizing Earth Observations globally, GEO 
draws open data contributions from a range of U.S. 
organizations including NASA as well as private 
sector partners.  Under the GEO umbrella, the 
Group on Earth Observations Biodiversity Obser‑
vation Network (GEO BON) seeks to improve the 
acquisition, coordination, and delivery of biodiversity 
observations and related services to users including 
decision makers and the scientific community.32  

GEO BON currently focuses on three primary tasks: 
Developing the EBV framework, building the BON 
in a Box toolkit,33 and facilitating the development of 
national, regional and thematic Biodiversity Obser‑
vation Networks (BONs).  National BONs, currently 
being implemented in China, Colombia, and France, 
are typically government‑sponsored initiatives that 
are approved by the GEO BON governing consor‑
tium.  Regional BONs currently exist for the Arctic 
(Circumpolar Biodiversity Monitoring Program)34 
and Asia‑Pacific (AP BON).  Thematic BONs target 
Marine (MBON) and Freshwater (FWBON) realms.  
Of course, there are a great number of biodiversity 
monitoring initiatives underway around the world 
that have not been officially endorsed by GEO BON 
and do not receive the network’s assistance.

The U.S. took a strong leadership role in establish‑
ing the US MBON, primarily through the work and 
investment of agencies including NASA, NOAA, and 
the Bureau of Ocean Energy Management (BOEM).  

US MBON supporting infrastructure includes the 
U.S. Integrated Ocean Observing System and the 
Ocean Biogeographic Information System (OBIS). 
The U.S. also participates in the Circumpolar 
Biodiversity Monitoring Program through feder‑
al agencies including NOAA, the Department of 
State, USFWS, USGS, and NPS.  State authorities, 
including the Bureau of Land Management’s Alaska 
State Office and the Alaska Department of Fish and 
Game, also contribute to CBMP activities. 

National BONs can be linked to EBVs, to regional 
and thematic BONs, and to each other. As with 
EBVs, one primary innovation of BONs is imple‑
menting biodiversity research or monitoring pro‑
grams that can meet immediate and contextual 
needs while also being suitable for coordination 
with complementary activities through common un‑
derlying standards and via a flexibly applied design 
process.  Some implementations of the BON mod‑
el, for example the French BON, demonstrate how 
BON governance can encourage different authori‑
ties within a country to work together to advance 
research and policy outcomes.  The BON model can 
also help authorities coordinate different types of 
information, and have been described as a “first at-
tempt by national governments to jointly coordinate 
satellite, airborne, and in situ observations across 
biodiversity elements through genes, species, and 
ecosystems.”32  

Through EBVs, a US BON would provide the un‑
derlying data framework for ensuring that monitor‑
ing efforts conducted by state, federal, NGO, and 
private authorities using a range of methods and 
techniques are interoperable.  A US BON could 
also provide the high‑level governance framework 
for a coordinated approach to national biodiversity 
monitoring, bringing together existing programs 
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to support more efficient, more economical, and 
faster monitoring and assessment cycles while also 
promoting additional types of knowledge exchange.  
Finally, a US BON would be the logical authority to 
coordinate with international authorities in assess‑
ments.  But there are currently no public plans 
to expand U.S. involvement beyond the existing 

MBON to create a US BON with broader coverage 
and including terrestrial and freshwater realms. 
Fortunately, ample groundwork exists through nu‑
merous monitoring and conservation mandates and 
supporting infrastructure.

Photo courtesy of ‑ David Cornwell ‑ Kesling Wetland and Farmstead

Merry Lea is a nature sanctuary located near Wolf Lake, Indiana. Most of the habitats found in northeastern Indiana are present in 
the 1,189 acres of Merry Lea. Unique geological features such as peat bogs, a marl pit, and glacial gravel formations are present. 
Observable management practices include wetland, prairie, and savanna restorations, as well as sustainable agriculture. A vigorous 
educational program interprets the significant biological and geological features. 
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Early Coordination: Invasive Species

One success story of small‑scale government co‑
ordination may be found in the response by federal 
agencies to Executive Order 13112, issued in 1999 
by President Clinton, and the follow up Executive 
Order 13751 issued in 2016 by President Obama.  
The first order set up the coordinating body known 
as the National Invasive Species Council (NISC).  The 
NISC is composed of executive agency heads unit‑
ed “to prevent the introduction of invasive species 
and provide for their control and to minimize the 
economic, ecological, and human health impacts 
that invasive species cause.”  In 2016, President 
Obama refocused the group’s efforts by amending 
13112 writing that the new order

“…directs actions to continue coordinat-
ed Federal prevention and control efforts 
related to invasive species. This order 
maintains the National Invasive Species 
Council (Council) and the Invasive Species 
Advisory Committee; expands the mem-
bership of the Council; clarifies the opera-

tions of the Council; incorporates consider-
ations of human and environmental health, 
climate change, technological innovation, 
and other emerging priorities into Federal 
efforts to address invasive species; and 
strengthens coordinated, cost-efficient 
Federal action.”33

In 2016, the NISC published a national strategy 
2016‑2018.34 Accountability is ensured through an 
itemized report card measuring progress against 
stated goals and timelines.  One of the action items 
the Strategy set forth (2.4) called for a common data 
standard to quantify and qualify invasive species 
presence across the U.S.  In 2018, the Council 
followed up with a report identifying a number of 
priority actions with the unifying theme of standard‑
izing and openly publicizing invasive species data 
for public consumption.  The same report affirmed 
inter‑agency interoperability in monitoring and miti‑
gating the impacts of invasives.35 
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Policy Recommendations

There is currently a massive overlap between the 
monitoring mandates of various federal and state 
authorities.  This is both a strength, resulting in 
significant capacity for monitoring activities, and a 
weakness, due to the massive challenges that coor‑
dination can pose. Executive and legislative branch 
policymakers can take a leadership role through con‑
crete steps to move the U.S. towards a coordinated 
approach to national biodiversity monitoring. 

Establish biodiversity as a national asset and 
critical priority.  Biodiversity and ecosystems pro‑
vide valuable provisioning, regulatory, and cultural 
services that are under threat.  High‑level policy 
guidance should acknowledge the economic and 
intangible value of biodiversity, concretely link bio‑
diversity monitoring and conservation assessment, 
and establish biodiversity conservation as a critical 
national priority.  Early recognition could include, 
or simply lay the groundwork for, subsequent and 
detailed guidance designed to drive action. 

A leading authority, such as the Office of the 
President of the United States, could form a 
Biodiversity Conservation and Monitoring Task 
Force for the eventual publication of a Nation-
al Strategy on Biodiversity Conservation and 
Monitoring in the United States.  The Biodiversi‑
ty Conservation and Monitoring task force should 
include agencies that have a vested interest in bio‑
diversity through land and resource management, 
including BLM, NPS, USFS, USFWS, and USDA, as 
well as other agencies with a vested interest such 
as NOAA, EPA, SI, and USAID.  Participation from 
the private sector, NGOs, and the general public in 
developing priorities and in monitoring and analysis 
should be encouraged.  A task force could conduct 

research, interviews, and case studies to inform the 
eventual publication of a National Strategy that high‑
lights the current state of biodiversity in the United 
States and future conservation priorities.  Beginning 
with articulated policy needs, the National Strategy 
should define clear, measurable targets, questions, 
and objectives for monitoring and conservation to 
structure coordinated monitoring around.  

Identify the relevant authorities capable of 
coordinating biodiversity monitoring and con-
servation within the U.S. government.  No single 
agency has the full perspective to lead an effort 
alone, though an authority like the White House 
Office of Science and Technology (OSTP) could take 
a strong leadership role in offering coordination 
and guidance.  A commission co‑led by higher level 
agency officials, perhaps including leadership from 
the U.S. Group on Earth Observations (GEO), could 
also bring the right mix of skills and perspectives. 
Regardless, an actionable National Strategy will 
likely hold one or more authorities responsible for 
leading implementation and ensuring accountability.  

Invest in research on Essential Biodiversity Vari-
ables (EBVs) that align with national and agen-
cy-specific priorities.  The EBV framework identifies 
six separate classes, each with a subset of more 
specific variables.  Agencies should be encouraged 
to evaluate the applicability of different classes and 
EBVs to their biodiversity monitoring and assess‑
ment needs and invest in the EBV framework in line 
with relevant policy priorities.  For example, USGS’s 
Natural Phenology Network (USA‑NPN) ‑‑ the na‑
tion’s predominant resource for supporting the study 
of cyclic and seasonal natural phenomena ‑‑ would 
be uniquely qualified to lead the development of a 
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phenology EBV that could be implemented in the 
U.S. and globally.  Agencies should be encouraged 
to advance the EBV framework through concrete 
actions and activities, as well as through funded 
extramural research. EBVs have provided an under‑
lying structure to organize and help focus GEO BON 
activities and could serve a similar value for advanc‑
ing cross‑agency coordination. 

Align a national biodiversity strategy and action 
plan with the network approach of GEO BON.  
By using an already established governance struc‑
ture and BON design process, GEO BON offers 
a compelling starting point for bringing disparate 
contributions together within and beyond the United 
States.  Creating a National BON would help link a 
coordinated monitoring assessment leveraging the 
EBV framework with thematic assessments such as 
those driven by the MBON.  By joining a handful of 
other early adopters, the creation of a National BON 
would also help the U.S. demonstrate global leader‑
ship in biodiversity monitoring. 

Invest in and maintain a research infrastructure 
including open data platforms and other knowl-
edge sharing resources.  Supported by Data.gov, 
the EcoINFORMA platform provides a common 
point of access to three agency‑specific open data 
portals.  The EcoINFORMA and hubs including 
BISON and EnviroAtlas should be supported and, 
when possible, modernized in conjunction with 
larger agency‑specific efforts taken to ensure the 
integrity and availability of government data and 
information systems.  Additional hubs, such as the 
Smithsonian’s growing database of digitized biodi‑
versity records in cooperation with the Biodiversity 
Heritage Library (BHL), are or could be linked at no 
additional cost to federal agencies.  State‑specific 
biodiversity monitoring databases could be linked 

as well, especially the Natural Heritage Information 
Systems that are set up state by state and collect 
rare species data specific to each state’s environ‑
ments.  Where global research infrastructure such 
as GBIF and OBIS support objectives of the national 
strategy, these should be incorporated directly to 
take advantage of a broader knowledge base and 
multilateral sustained research investments.

Re-evaluate our relationship to international 
policy frameworks. The CBD’s current Strategic 
Plan for Biodiversity runs from 2011‑2020, and the 
next decade of planning is underway.  This could 
become an opportunity for the U.S. to contribute to 
international negotiations on biodiversity in order 
to prioritize and re‑visit various points of contention 
that have discouraged ratification in the past.  The 
UN‑SDGs also present a compelling high‑level policy 
framework for aligning national biodiversity and 
conservation efforts with international goals and 
assessments. 
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