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Abstract This paper responds to national policy

directives intended to improve the US government’s

capacity to protect national security from the adverse

impacts of invasive species. It is the final, synthesizing

contribution to a Special Issue of Biological Invasions

comprising 12 papers that collectively inform the

development and implementation of a national pro-

gram for the early detection of and rapid response to

invasive species (EDRR). The blueprint sets forth

policies, goals, and actions to be taken by relevant

Executive Branch agencies and components of the

Executive Office of the President to develop a national

EDRR program, appropriations permitting. It is

designed to function as guidance for advancing federal

policy through Presidential, Secretarial, and/or Con-

gressional directives. Those committed to protecting

national security, the economy, and the well-being of

American people are forewarned that our ability to

establish a national EDRR program is undermined by

the diminishment of the federal workforce; institu-

tional structures, policies, and programs; and directly

applicable leadership mechanisms, including the

National Invasive Species Council, Invasive Species

Advisory Committee, and their managerial

Secretariat.

Keywords Detection � Response � EDRR � Invasive

species � Federal capacities

Introduction

A comprehensive approach to biosecurity encom-

passes a full range of risk management practices

intended to defend against harmful and potentially

harmful biological organisms, the vast majority of

which are invasive species (Meyerson et al. 2009). The

US government defines an invasive species to mean,

‘‘with regard to a particular ecosystem, a non-native

organism whose introduction causes, or is likely to

cause, economic or environmental harm, or harm to

human, animal, or plant health’’ (Executive Office of

the President 2016). Three presidential executive

orders (EO) have explicitly recognized and focused

on the threats posed to national security by harmful

non-native species, tasking federal agencies to take a

high-level, coordinated, and cost-efficient approach to

invasive species prevention, eradication, and control

(Executive Office of the President 1977, 1999, 2016).

Many other presidential directives have comple-

mented these executive orders, reinforcing national

security concerns and establishing action plans for

specific sectors. For example, the White House

Council on Climate Preparedness and Resilience’s

priority agenda (Climate and Natural Resources
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Working Group 2014) recognized the need to mitigate

invasive species as an ecosystem stressor and called

for a national approach to improving invasive species

detection and response capacities (published as US

Department of the Interior 2016). Although the

linkages are not explicitly acknowledged, the National

Biodefense Strategy (Executive Office of the President

2018) focuses on invasive pathogens and was

informed by the US Invasive Species Advisory

Committee (ISAC)’s briefing paper on invasive

species impacts on wildlife health (ISAC 2018).

The 12 papers in this Special Issue of Biological

Invasions deliver on a 2016–2018 National Invasive

Species Council (NISC) Management Plan (National

Invasive Species Council 2016) priority action calling

for ‘‘…scientific, technical, and institutional assess-

ments in order to determine the capacities and

resources necessary to establish a national early

detection and rapid response program…’’ (hereafter,

‘‘federal capacity assessments’’). They also advance

two of the seven duties set forth for NISC implemen-

tation in EO 13751 (Executive Office of the President

2016):

• advance national incident response, data collec-

tion, and rapid reporting capacities that build on

existing frameworks and programs and strengthen

early detection of and rapid response to invasive

species, including those that are vectors, reser-

voirs, or causative agents of disease, and

• support and encourage new technologies and

practices, and promote the use of existing tech-

nologies and practices, to prevent, eradicate, and

control invasive species…

In the first overview paper of the series, Reaser et al.

(2019a, this issue) define the early detection of and

rapid response to invasive species (EDRR) as a

guiding principle for minimizing the impact of

invasive species in an expedited yet effective and

cost-efficient manner, where ‘‘detection’’ is the pro-

cess of observing and documenting an invasive

species, and ‘‘response’’ is the process of reacting to

the detection once the organism has been authorita-

tively identified and response options have been

assessed (i.e., risk and feasibility screening com-

pleted). Recognizing that EDRR is a non-linear,

iterative process, the authors present a conceptual

framework that portrays EDRR as the tenet for an

integrated system (Fig. 1) rather than a step-wise set of

components addressed in a linear manner, as has been

typical of other EDRR frameworks (see discussion in

Reaser et al. 2019a, this issue). The paper concludes

with a short list of cross-cutting, catalytic actions to

establish the foundation of a national EDRR program.

The ten following papers in the series address specific

components of the framework.

Here, I synthesize the primary needs identified by

the federal capacity assessments into a blueprint for

developing a national EDRR program. Figure 1 is to

be referenced as the organizational framework for the

paper. The papers in the Special Issue that explicitly

identify the need for and/or guide federal actions are

referenced within the blueprint. In content and format,

the blueprint is explicitly designed to function as

guidance for advancing federal policy through Pres-

idential, Secretarial, and/or Congressional directives.

The survey of federal agency EDRR programs and

capacities on which the assessments are based was

substantially lacking in response from some agencies

and on certain topics (see discussion in Reaser et al.

2019a, this issue). Although the NISC Secretariat staff

and contractors augmented this information as feasi-

ble, resource limitations necessarily resulted in assess-

ment gaps. In particular, the assessment team was not

able to evaluate fully the effectiveness of existing

EDRR programs, capacities of federal institutional

frameworks (see Burgos-Rodrı́guez and Burgiel

2019a, this issue), types of response measures used

and their effectiveness across taxa and context, or the

applicability of the wide range of federal and feder-

ally-funded biodiversity inventory and monitoring

programs to EDRR. The assessment authors also

recognized the need to develop a feasibility screening

process and associated decision support

tool(s) (Reaser et al. 2019a, this issue).

When implementing the blueprint, agencies must

consider at least four, potentially inter-related, needs

for technical and institutional flexibility: spatio-tem-

poral scale, taxa, available resources (particularly

personnel and budget), and socio-political receptivity.

Although the papers in our series make this point from

various perspectives, none of the papers explicitly

focus on these parameters. In large part, this reflects

the lack of complete and in-depth response from

relevant agencies. It is also an artifact of the tendency

of technical journals to focus on scientific research

rather than management approaches and their
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outcomes. Action items to help fill aspects of these

information gaps are included in the blueprint.

The blueprint

Purpose

The United States must sustain and expand efforts to

protect national security, the economy, and the

American people from the adverse impacts of invasive

species across all sectors of society. Ideally, invasive

species are detected and responded to along invasion

pathways into the country or at our national borders,

prior to entering the country. The federal government

bears primary leadership responsibility for these

actions. When these pathway management and border

control efforts fail to intercept harmful or potentially

harmful non-native species, the costs of action

increase dramatically and the burden of defense falls

upon land management and transportation agencies

across all levels of government, the private sector, and

the public. A high-level, whole-of-government

approach is thus needed to facilitate the collaboration,

communication, cost-efficiencies, and innovation nec-

essary for effective EDRR.

Policy

The federal government must coordinate and use

applicable federal frameworks, investments, assets,

and expertise to detect and respond to invasive species

incursions in an effective and cost-efficient manner.

Fundamentally, this requires agencies to support and

facilitate access to the information, planning, tech-

nologies, and training that enable EDRR. In order to

secure national assets and the well-being of Ameri-

cans, federal agency actions must take into consider-

ation and complement preparedness, planning, and

implementation efforts of other countries; state, terri-

torial, tribal, and local governments; non-governmen-

tal organizations; the private sector; and the general

public.

Goals

Consistent with Executive Orders 13112 and 13751

and other relevant national directives, the heads of

federal agencies and relevant components of the

Executive Office of the President (collectively, Agen-

cies) shall, to the maximum extent permitted by law

and other logistical feasibilities, carry out aforemen-

tioned policy by enabling and enacting actions to

achieve the following EDRR capacity goals:

Fig. 1 EDRR: a comprehensive system. In this model, the blue

circles represent the primary actions (components) that need to

be enacted in a step-wise manner for the effective detection of

and response to a biological invasion. A legend clarifies the

meaning of the letters in the circles. The associated commentary

reflects the primary questions, observations, and directives that

guide the process from one component to the next. At the core of

the process, represented by the person and work station, are the

informational and technical inputs necessary for the system to

function. Arrows point in both directions in an effective system

because the information and other outputs generated by one

component are strategically used by other components. As is

true of all models, this is a simplified depiction of reality;

implementation of EDRR is a complex, iterative process that

requires context-specific adaptation
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(a) Coordination, integration, and communication

Agencies shall improve the coordination, inte-

gration, and communication of EDRR-related

activities to enhance the collective benefits of

federal programs and investments, as well as to

strategically complement and integrate activi-

ties across Agencies and with state, territorial,

tribal, and local officials. A key aspect of EDRR

communication is the timely and accurate

reporting of invasive species observations and

interceptions, as well as anticipating and com-

municating the scale of potential spread and

impact.

(b) Legal and institutional capacity building Agen-

cies shall complement, harmonize, and expand

the legal and institutional frameworks necessary

to enable the rapid detection of and response to

invasive species incursions prior to, upon, and

after entry into the United States. This includes,

but is not limited to, establishing cooperative

agreements for invasive species EDRR among

jurisdictional institutions from local to interna-

tional scales of authority.

(c) Planning and decision support Agencies shall

support EDRR-related planning approaches

(including Incident Command Systems, and

decision support tools, such as target analysis,

risk screening, feasibility screening, watch lists)

to increase the speed and effectiveness of

invasive species detection and response

measures.

(d) Data collection, mobilization, and analysis

Agencies shall collect and share EDRR-relevant

information (including data on non-native

species occurrence, identification, biology, risks

and impacts, response options and effective-

ness), mobilizing it into an inter-operable, open-

access, national invasive species information

infrastructure (including databases, clearing-

houses, and analytical and depiction tools) to

strengthen the decision-making capacities

required for timely detection of and effective

responses to invasive species incursions.

(e) Scientific, technical, technological capacity

building Agencies shall enhance EDRR efforts

by carrying out and supporting relevant

research, technology innovation and transfer,

and technical training, including by addressing

impediments to taxonomic capacity and

fostering contributions from citizen scientists

as an urgent matter.

(f) Response measures Agencies shall facilitate and

expand capacities to respond rapidly and effec-

tively to invasive species incursions by address-

ing any barriers associated with legal and

institutional frameworks, planning and coordi-

nation, decision support, and technological or

technical capacity, as further described in goals

a–e.

Actions

To further the aforementioned policies and goals, as

made feasible by the availability of appropriations,

Agencies should act cooperatively as follows:

(a) Coordination, integration, and communication

(i) Create a glossary of EDRR-relevant

terms; examine term ambiguities,

inconsistencies, and flexibilities; and

harmonize or standardize terms as

feasible, communicating and institu-

tionalizing these terms to facilitate

their understanding and application

(Burgos-Rodrı́guez and Burgiel

2019b, this issue; Reaser et al. 2019a,

this issue).

(ii) Develop and routinely update a pub-

licly-accessible EDRR operational

plan that demonstrates the relevance

of EDRR to Agency missions, as well

as their authorities, roles, and respon-

sibilities relevant to EDRR compo-

nents (Fig. 1). Include contact

information for authoritative focal

points (Reaser et al. 2019a, this issue).

(iii) Undertake and publicly report the

findings of an inventory of Agency

assets for supporting a national EDRR

program, including programs currently

focused on addressing invasive species

and those programs that could be cost-

effectively modified to expand federal

capacities for addressing invasive spe-

cies (e.g., inventory and monitoring

programs currently focused on native
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species) (Meyers et al. 2019, this issue;

Reaser et al. 2019a, this issue).

(iv) Taking (a-iii) into consideration,

resume and enhance the EDRR cross-

cut budget, making it applicable to the

effective leveraging of existing agency

resources and development of multi-

agency funding proposals to address

common needs for additional

resources.

(v) Establish flexible yet binding agree-

ments and other coordinating mecha-

nisms among federal agencies, as well

as with all others who bear responsi-

bilities for the management of invasion

pathways and recipient ecosystems.

The arrangements should detail

resource-sharing, delineation of

authorities, communications protocols,

and sharing of personnel and subject

matter experts (Burgiel 2019, this

issue; Lyal and Miller 2019, this issue).

(b) Legal and institutional capacity building

(i) Delineate and communicate a national

legal and institutional framework for

enabling the early detection of and

response to invasive species across taxa

and geographies. The framework

should support Agencies to act in

accordance with Executive Orders

13112 and 13751, as well as other

complementary executive guidance

(Burgos-Rodrı́guez and Burgiel

2019a, b, this issue; Lyal and Miller

2019, this issue; Reaser et al. 2019a,

this issue).

(ii) Analyze and publicly report on Agency

authorities and mechanisms for author-

ity (such as compacts, enforcement

agreements, good neighbor authority,

interagency agreements, international

agreements, memoranda of under-

standing and agreement, technical and

financial assistance) for their ability to

facilitate and/or serve as barriers to

implementing a national EDRR pro-

gram. This should include explicit

invasive species authorities and

mechanisms, as well as a wide range

of permitting and enacting authorities

and associated mechanisms (including

compliance waivers and protocols) that

could be applied at an Agency’s dis-

cretion (Burgos-Rodrı́guez and Burgiel

2019a, b, this issue).

(iii) Harmonize and streamline authorities

and associated mechanisms, giving

priority attention to environmental

compliance agreements, to expedite

EDRR and increase operational cost-

efficiencies (Burgos-Rodrı́guez and

Burgiel 2019a, b, this issue).

(iv) Establish authorities and associated

mechanisms to fill gaps in the national

and legal institutional framework,

including to provide emergency desig-

nation of harmful or potentially harm-

ful non-native species without

additional delays for issuing regula-

tions or processing undue assessments

before enacting EDRR (Burgos-Rodrı́-

guez and Burgiel 2019a, b, this issue).

(v) Direct Agency solicitors to evaluate,

interpret, and provide opinions on dis-

cretionary powers to address EDDR

under Agency authorities, giving par-

ticular consideration to whether current

actions and programs can be used

synergistically for EDRR and how

emergency authorities and associated

resources can be applied to EDRR

(Burgos-Rodrı́guez and Burgiel

2019b, this issue).

(c) Planning and decision support

(i) Develop invasive species response or

contingency plans that incorporate

Incident Command System principles

and protocols to be applied by incident

management teams operating along

invasion pathways, at ports of entry,

and across regional scales (Burgiel

2019, this issue; Morisette et al. 2019,

this issue).

(ii) Regularly conduct table-top and in-

field exercises to identify gaps, obsta-

cles, and other planning needs,
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including clarification of issues around

authorities, resources, communica-

tions, and logistics (Burgiel 2019, this

issue).

(iii) Develop and communicate perfor-

mance metrics for EDRR decision

support tools (including target analysis,

risk screening, feasibility screening,

and watch lists), recognizing that dif-

ferent ecosystems, pathways, and tax-

onomic groups may require separate

but complementary approaches (Mey-

ers et al. 2019, this issue; Morisette

et al. 2019, this issue; Reaser et al.

2019c, this issue).

(iv) Conduct, report on, and enact the

findings of a needs assessment for

standardizing, strengthening, and

expanding use of science-based deci-

sion support tools within and across

Agency EDRR programs, including

providing sufficient staffing for con-

ducting decision support analyses,

applying advanced technologies, and

making tools and their outputs publicly

accessible through decision support

toolkits consistent with regulatory

approaches (Martinez et al. 2019, this

issue; Meyers et al. 2019, this issue;

Morisette et al. 2019, this issue; Reaser

et al. 2019c, this issue).

(v) Along invasion pathways into the

United State and at national borders,

prioritize planning and decision sup-

port for species new to trade or increas-

ing in trade popularity to reduce

propagule pressure and the burden of

response (Meyers et al. 2019, this issue;

Morisette et al. 2019, this issue; Reaser

et al. 2019c, this issue).

(d) Data collection, mobilization, and analysis

(i) Facilitate greater access to the informa-

tion required for EDRR decision-mak-

ing by establishing and supporting user-

friendly, open access, centralized,

searchable clearinghouses that include

relevant authorities and authorizing

mechanisms, planning protocols and

supporting information, decision sup-

port tools and analyses, reports on the

effectiveness of response measures, and

training course curricula. The clearing-

houses should be integrated with rele-

vant local, regional, national, and

international databases, as well as their

associated analytical and data depiction

tools (Burgiel 2019, this issue; Burgos-

Rodrı́guez and Burgiel 2019b, this issue;

Lyal and Miller 2019, this issue; Meyers

et al. 2019, this issue; Morisette et al.

2019, this issue; Reaser et al. 2019a, b, c,

this issue; Wallace et al. 2019, this

issue).

(ii) Establish a coordinated framework of

interoperable information systems, rec-

ognizing that information systems not

initially designated for EDRR may be

applicable (Lyal and Miller 2019, this

issue; Meyers et al. 2019, this issue;

Reaser et al. 2019b, this issue; Wallace

et al. 2019, this issue).

(A) In order to operationalize the coordi-

nated information framework, Agencies

should:

a. Establish a government-wide

invasive species data manage-

ment policy for designated data

custodial roles and management

responsibilities from agency to

programmatic levels, address rel-

evant legal and policy issues (in-

cluding privacy and security), and

institutionalize invasive species

information management guide-

lines. The policy should be

authoritative and specific enough

for agencies to discern their obli-

gations, address sensitive data-

sharing concerns, and direct the

mobilization of federal data into

publicly available information

systems, yet sufficiently flexible

to account for unanticipated needs

and emerging opportunities
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(Reaser et al. 2019b, this issue;

Wallace et al. 2019, this issue).

b. Identify, improve, and sustain

federal information systems that

are vital to the operation of a

national EDDR program, assess

their relationships (e.g., for

duplicative or integrative func-

tions), and develop and imple-

ment a plan for improving,

sustaining, and making these sys-

tems more cost-effective over the

long-term. This should including

building the capacity to join

datasets to improve biological,

geo-spatial, and socio-economic

analyses (Reaser et al. 2019b, this

issue).

c. Identify, develop, and support

relevant data standards, including

those that delineate critical

aspects of invasive species biol-

ogy and population parameters

needed to distinguish which non-

native species are invasive and

priorities for response measures,

North American Invasive Species

Management Association map-

ping standards, and metrics for

capturing the environmental and

socio-economic impacts of inva-

sive species (Wallace et al. 2019,

this issue).

d. Establish an agreement for data

sharing among the primary infor-

mation systems for non-native

species occurrence data in the

United States (Wallace et al.

2019, this issue).

e. Mobilize non-native species

occurrence data into publicly

accessible central data integra-

tors/aggregators that are coupled

with appropriate analytical and

decision support tools, using the

Biodiversity Information Serving

Our Nation (BISON) information

system (https://bison.usgs.gov,

accessed 19 September 2019) and

interoperable data sources. Facil-

itate this effort by developing and

implementing an ongoing national

campaign for non-native species

data collection and mobilization

(Morisette et al. 2019, this issue;

Reaser et al. 2019b, this issue;

Wallace et al. 2019, this issue).

f. Encourage databases serving tax-

onomic names, such as the Inte-

grated Taxonomic Information

Service (ITIS) (https://www.itis.

gov/, accessed 25 September

2019) to address gaps in taxo-

nomic groups that have a high

propensity for invasiveness as a

matter of priority (Wallace et al.

2019, this issue).

g. Foster the development and shar-

ing of EDRR-relevant analytical

and data depiction tools, includ-

ing tools for specialized data

searches, mapping and other spa-

tial analyses, species identifica-

tion, decision support, and

response evaluation (Martinez

et al. 2019, this issue; Reaser

et al. 2019b, this issue).

h. Continue US engagement in inter-

national information standard-set-

ting bodies, frameworks, and

platforms, including the Global

Biodiversity Information Facility

(GBIF; https://www.gbif.org,

accessed 19 September 2019).

(B) In order to enhance the information

content accessible through the coordi-

nate information framework, Agencies

should as a priority:

a. Make federal pathway and ports-of-

entry non-native species intercept

data publicly accessible to the extent

legally feasible (Reaser et al. 2019b,

this issue).

b. Incorporate and enable analysis of

species-in-trade data (including
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species, quantities of imports, and

countries of origin and transit) that

are contributed by industries or by

harvesting non-native species trade

data from social media via web

crawling tools (Meyers et al. 2019,

this issue).

c. Include information on invasive

species impacts and management

options, including their effective-

ness (Wallace et al. 2019, this issue).

d. Facilitate ready access to biological

data that enable detection and

response technology development

by, for example, building and link-

ing to genetic libraries (DNA fin-

gerprinting) to enable identification

tool development and cell lines of

current and potential invaders to

allow in vitro screening of potential

control agents (Lyal and Miller

2019, this issue; Martinez et al.

2019, this issue).

(e) Scientific, technical, and technological capacity

building

(i) Further our knowledge of species

biology, ecology, and impacts,

including the implications of inter-

actions among species, spatio-tem-

poral variation in risks, and

interactions between invasive spe-

cies and other drivers of environ-

mental change (Reaser et al.

2019b, this issue; Meyers et al.

2019, this issue; Morisette et al.

2019, this issue).

(ii) Advance invasive species detec-

tion and response technologies,

collecting and sharing data on their

efficacy. Give priority to surveil-

lance, identification, and response

tools that are socially acceptable,

cost-efficient, and effective for

multiples species and contexts.

Facilitate this work by supporting

a culture of innovation and com-

munities of practice (Martinez

et al. 2019, this issue; Morisette

et al. 2019, this issue).

(iii) Increase and modernize research

facilities to advance new techno-

logical response measures in a

manner consistent with changing

regulations, new approaches, study

replication needs, and regional

efficiencies (Lyal and Miller

2019, this issue; Martinez et al.

2019, this issue).

(iv) Maximize and expand technical

staff capacities by detailing staff

between agencies, creating inter-

agency collaboratives, and

expanding partnerships with non-

federal institutions, particularly

with the private sector or academia

(Lyal and Miller 2019, this issue;

Martinez et al. 2019, this issue).

(v) Support citizen science initiatives

and open-access, low-cost detec-

tion, identification, and reporting

tools for public application to

EDRR (Lyal and Miller 2019, this

issue; Martinez et al. 2019, this

issue).

(vi) Promote, as a matter of urgency,

adequate taxonomic and identifi-

cation expertise and associated

financial and technical resources,

including standardized identifica-

tion protocols, at all scales (Lyal

and Miller 2019, this issue).

(vii) Ensure long-term sustainability of

biological reference collections,

including representatives of speci-

mens from native and introduced

ranges linked to evidence of

impact where feasible (Lyal and

Miller 2019, this issue).

(viii) Support and further the use of

prizes and challenges to encourage

technology development and dual-

use application for invasive species

of high priority concern (Martinez

et al. 2019, this issue).

(ix) Require routine and consistent

training for appropriate field-level
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and management staff, giving par-

ticular attention to identification

capacity, Incident Command Sys-

tem operation, and emerging tech-

nology application (Burgiel 2019,

this issue; Lyal and Miller 2019,

this issue; Martinez et al. 2019, this

issue).

(f) Response measures

(i) In removing barriers to response capacity

by implementing the relevant actions

identified in (a)–(e), Agencies should

also:

(A) Recognize, assess, and report on the

dynamic socio-economic and cultural

factors that influence response capacity

(Reaser et al. 2019a, this issue).

(B) Incorporate the aforementioned factors

into feasibility screening decision support

tools (Reaser et al. 2019a, this issue).

(C) Develop science-based social marketing

campaigns that address socio-economic

and cultural barriers to response measure

implementation (Reaser et al. 2019a, this

issue).

Conclusion and cautionary notes

Despite numerous calls for a comprehensive approach

to US biosecurity (Meyerson and Reaser

2002a, b, 2003), protecting the nation from the

adverse impacts of invasive species remains an urgent

and largely unaddressed policy need (Meyerson et al.

2019). If effectively harnessed, the growing interest in

EDRR by government agencies and the public,

particularly citizen scientists, could lead to developing

a national EDRR program that vastly improves

biosecurity. The Executive and Legislative branches

have available the necessary reasoning, authorities,

and mechanisms to transition the blueprint herein from

concept to operational reality. However, there is a long

history of federal government failure to clarify and

prioritize EDRR-relevant programmatic needs, or to

support the requisite frameworks and initiatives once

these are identified (Reaser et al. 2019a, b, this issue;

Simberloff et al. 2005). Furthermore, our ability to

establish a national EDRR program is currently being

undermined by the diminishment of the federal

workforce; institutional structures, policies, and pro-

grams; and directly applicable leadership mecha-

nisms, including the National Invasive Species

Council (NISC), Invasive Species Advisory Commit-

tee (ISAC), and their managerial Secretariat (Meyer-

son et al. 2019; pers. obs.). We must either adequately

invest in our nation’s future or prepare for the

extraordinary costs of the consequences, including

major economic damage and lives lost.
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