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Cooperative Extension:

A Model of Science—Practice
Integration for Ecosystem
Restoration

Erica David,"?* Kingsley W. Dixon,"?* and Myles H.M. Menz*

Restoration ecology is a science, driven by practical application. Despite the
well-recognized disconnect between the science and practice of ecological
restoration, there is a lack of practical solutions. In 2014, US agriculture marked
the 100th anniversary of the Cooperative Extension Service, providing a timely
reminder that the divide between science and practice can be bridged suc-
cessfully. Major restoration efforts are underway across the globe and inte-
grated science—practice communication is required to avoid project failure and
a significant waste of resources. Here, we propose a three-tiered approach, re-
emphasizing the integration of science-based practice in restoration utilizing
the structure, function, and potential for success of the Cooperative Extension
Service of the US Department of Agriculture (USDA) as a model for connecting
science and practice in ecosystem restoration.

The Challenge: Bridging the Science-Practice Gap

The separation between science and practice is a long-recognized concern in restoration
ecology (e.g., [1,2]), a US$1 trillion a year industry [3]. Streamlining information dissemination
between science and practice would significantly improve the efficiency of ecosystem resto-
ration projects at both local and larger scales and, thus, progress towards reaching global
restoration targets [1,2,4]. The number of papers published in restoration ecology continues to
flourish, far outweighing the increase in successful on-ground applications. For example, a
survey of stream-restoration practitioners found that <1% of over 300 restoration projects
utilized science-backed practice [5]. Practitioners harbour the funding and work force to make
significant contributions to restored landscapes; however, access to sound science and best-
practice methods is often limited, causing many of these projects to fail to achieve their full
capacity. The two cultures draw upon conflicting modes of inquiry, where science requires
time, statistically sound replication, and controls, while practice often demands immediate,
economical, and best-guess approaches [6]. This disconnect is fuelled by the compartmen-
talization of literature pools, because practitioner's ‘gray literature’ is not always considered
rigorous enough to be included and cited within scientific literature, while limited access to
scientific literature may prevent practitioners from consistently turning to newly published
science when developing restoration protocols [6-8]. Developing a more integrated system
holds the potential to benefit both parties [9]. A closer working relation increases the funding
pool and provides a diverse community of perspectives. The infrastructure of industry can
allow for research projects at an expanded scale, while the incorporation of science can
bolster the prestige and resilience of a program, feeding back to improve future restoration
efforts [10].
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Connecting science to practice is an active point of debate across a broad range of industries,
fromn medicine [11], to education [12], to social science, agriculture, and conservation biology [7];
and remains a challenge in most industries. However, for US agriculture, a solution was found
that could serve as an exceptional model for application across industries. The USDA Coop-
erative Extension Service (see Glossary) ‘takes the science to the people’, effectively
transferring science to farmers and ranchers throughout the nation (USA)'. Can this same model
work for restoration ecology?

Here, we propose a three-tiered approach to improving the science basis to ecological
restoration: (i) expand the use of adaptive management in restoration ecological programs
where there is robust ecological restoration science presence; (i) utilize existing integrating
frameworks (e.g., in the USA, the Cooperative Extension Service; the global Chapter network of
The Society for Ecological Restoration), to improve the knowledge base and stakeholder
integration in the restoration science and practice interface; and (iii) for many countries, particu-
larly in developing economies without pre-existing capacity or infrastructure as in tiers (i) and (ii),
creation of a restoration extension service (RES) based on the form, function, and structure
of the successful and long-standing Cooperative Extension Service of the USDA, may be
appropriate and necessary.

Humanity sits today at a crossroads in history, where industrialization has had a mass detri-
mental effect on the environment. From global warming and desertification to losses in biodi-
versity, great challenges are threatening ecosystems and the services we depend upon in every
corner of the globe (e.g., [13,14]). All the while, a generational shift has placed increasing
importance on environmental awareness; with increases in green technology, the launch of
several global-scale environmental initiatives (Figure 1), and pressure from global mandates to
develop innovative methods of environmental conservation, our mind set has begun to shift. We
must seize this moment to enter a new paradigm, building the infrastructure necessary to fuel
global restoration programs and promote a future of environmental stewardship and
sustainability.

Cooperative Extension Service as a Model for Restoration Ecology

For many areas of the world where ecological restoration is critically required, there may not be
the science infrastructure or adaptive management capabilities to support knowledge-driven
restoration practice. The USA faced a similar dilemma in agriculture, where the science of
production systems was disconnected from the practitioner (farming) community and the
concept of the agricultural Cooperative Extension Service was developed. The Cooperative
Extension Service celebrated its centenary in 2014 and has been connecting the US farming
community with research organizations since the early 1900s [15]. Before the inception of the
Cooperative Extension Service, American agriculture exhibited a similar discord between
science and practice, as is seen in restoration ecology today. The movement began with
the Morrill Act in 1862 (Morrill Act of 1862, Act of July 2, 1887, ch. 130, 7 U.S.C. 301 et
seq.), which targeted education for all, regardless of socioeconomic standing. The Hatch Act of
1887 (Hatch Act of 1887, Act of March 2, 1887, ch. 24 Stat. 440, 7 U.S.C. 361a et seq.)
expanded this, developing research centres to fuel land grant colleges with new information to
teach. The Smith Lever Act of 1914, formed the Cooperative Extension Service ‘to aid in diffusing
among the people of the United States useful and practical information on subjects relating to
agriculture’ (Smith-Lever Act, Act of May 8, 1914, ch. 79, 38 Stat. 372, 7 U.S.C. 341 et seq.).
Extension offices were established in each county, providing a local link for farmers and
ranchers. As the Cooperative Extension Service celebrates its 100th anniversary, the program
has continued to grow and expand to meet the demands of the modern world [15]. With nearly
3000 offices nationwide, the Cooperative Extension Service has become a global standard of
success in scientific information dissemination.

Glossary

Adaptive management: a cyclic,
structured, feedback research model
used in environmental management
to continually reassess and fine-tune
practice methods using the following
steps: (i) conceptualize; (i) plan; (i)
implement; (iv) adapt; and (v) share
learning.

Cooperative Extension Service: an
agency dedicated to dissemination of
information in agricultural science
through a network of extension
offices throughout the USA, run by
the USDA.

Participatory action research: a
research model that works
extensively with practitioner and
community participation in the
conceptualization, monitoring, and
analysis stages, encouraging greater
ownership and application of novel
methods and technologies
Restoration Extension Service
(RES): a global organization
proposed by the authors as a
solution to bridging science and
practice in restoration ecology,
modeled after the Cooperative
Extension Service.
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Figure 1. A Global Overview of Landscape-Scale Restoration Projects. Shortcomings and failures of current
projects are shown in red and are due to a lack of communication and the failure to bridge the science-practice gap [Conniff,
R. (2014) Rebuilding the natural world: a shift in ecological restoration"; Coordination Group of the European Green Belt
Initiative (2015)"'; LandscapePerformance (2014) Tianjin Qiaoyuan Park: The Adaptation Palettes*"; The World Bank. (2014)
Transforming the Sahel: Supporting the Great Green Wall Initiative”™; World Resources Institute (2014) Initiative 20x20%;
Schulke, T. (2013) Forest Service Again Jeopardizing Major Forest Restoration Project in Arizona*] [37-42]. An increase in
the number of global restoration initiatives has led to countries pledging large amounts of funding to large-scale restoration
projects. However, these projects are often implemented without sufficient prior knowledge and capacity to achieve the
specific goals set.

Why Extension Works

Developing a RES that mimics the model set out by Cooperative Extension Service in American
agriculture, both science and industry can capitalize on the use of time-tested infrastructure and
proven experiential learning techniques led by extension agents. The cornerstone of the
extension concept is the human factor [16]. An extension agent provides a link to synthesize
scientific results generated by academia into a form both accessible and practical for on-ground
application. The global restoration community must harness the power of the extension model;
becoming architects of learning to integrate, educate, and empower.

Integrate: Developing a Centralized, Ready-Access Platform

The Cooperative Extension Service provides an integrated hierarchal infrastructure, where local
offices work closely with farmers, providing a trusted and readily accessible personal contact
and portal with the ability to customize services to relevant local issues. Each local office is
connected to a state and national office, which serve as the primary connection to agricultural
science, and allow coordination of efforts across regions. This infrastructure facilitates informa-
tion flow. Scientists publish research, which is then synthesized by the Extension Agent and
presented in a practical, readily accessible form to the practitioner (i.e., through the release of a
newsletter or hands-on demonstration) (Figure 2). Similar functions are successfully performed
by other agricultural extension organizations elsewhere in the world, such as Agridea in
Switzerland'. Furthermore, the agent constantly assesses and gathers concerns from the farmer
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Figure 2. A Schematic Representa-
tion of the Function of the Proposed
Restoration Extension Service (RES).
| The proposed RES could be closely linked
to the pre-existing hierarchical structure of
the Society for Ecological Restoration

Data:hased results (SER), which already has local chapter

Science offices in many regions of the globe.
Although other nongovernmental organi-

Ecological zation (NGO) groups are involved in eco-
restoration logical restoration, SER is the only

multinational NGO that is specifically orga-
nized and mandated by its membership
for the accumulation, sorting, and dissemi-
nation of restoration knowledge across the
science—practice interface (*). The function
of the RES would be to synthesize the
results of data-based science and transfer
these to practitioners in an accessible for-
mat, such as via workshops and informa-
tion sheets. In turn, practitioners have an
avenue of communication, via the RES, to
highlight knowledge gaps and areas of
restoration ecology in need of urgent further
study, which can then be communicated to
scientists. The RES can also perform an
additional vital function, by communicating
with policy makers of the latest state of
knowledge and identified best practice.
Furthermore, we recognize the vital role
that some end-user practitioners, such
as mining companies, can have via the
targeted injection of much-needed funding
into the RES and science.

Practitioner needs
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to communicate to the university or research organization, ensuring science remains directed
towards real-world issues (Figure 2).

Educate: Experiential Learning

Seaman Knapp, father of extension, stated in a letter in 1910 ‘What a man sees or hears he may
doubt but what he does he cannot doubt. . .” [17]. In the early years of extension, Knapp travelled
cross-country, educating farmers through hands-on farm demonstrations (Box 1). To this day,
demonstration remains the preferred mode of information dissemination [16]. Although dated,
Howell and Habron [18] found that 77 % of landowners supported written media, 54% preferred
face-to-face interactions, while only 19% supported Internet education. More contemporary
studies indicate that the trend still holds [19], because a survey of extension agents and
producers identified farm demonstrations as the number one preferred method of learning,
while Internet was identified as one of the least-preferred methods of learning [20]. Online
learning platforms lack social and cognitive presence, and deprive the learner the opportunity to
interact within a community of inquiry [21]. We recognise technology as an integral component of
modern-day education; however, online learning must be paired with experiential learning and
face-to-face interactions to insure the facilitation of discussion and implementation of novel
technologies. Within the Cooperative Extension Service, 4H, a youth development program,
globally recognized for its ability to engage students in active learning and development of
individual agricultural projects, additionally offers a strong model for enhancing youth involve-
ment in environmental and/or conservation issues'”. Inspiring an early involvement and excite-
ment surrounding environmental issues is vital to the continuation of the field, because it will
foster a sustained interest in the industry for future generations.
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Box 1. The Teaching Philosophy of Dr Seaman A. Knapp: The Father of Extension

Born December 16, 1833 in Schroon, New York, Seaman A. Knapp grew up on the family farm. After graduating with his
BA from Union College, New York in 1856, he and his family moved to the Midwest, where he continued pursuing his
interest in agriculture. His firm belief in the importance of hands-on learning led to the first Farmer's Institutes, a series of
traveling demonstrations teaching farmers best-practice methods (Figure ). He began training other educators as
extension agents, who would help to diffuse the information developed by universities to the people.

The men who act as field agents must be practical farmers, no use in sending a carpenter to tell a
tailor how to make a coat, even if he is pretty well read up on coats. The tailor won’t follow. The
farmer must be a recognized leader, progressive, influential and able to carry public opinion with him.
Public opinion is brought into harmony and made forceful by the support of the press and the coop-
eration of the best farmers and the leading merchants and bankers.

Knapp continually stressed the need for farmers to see and experience results, stating: ‘It is not sufficient to tell the farmer
that his method is not the best. He must be shown the best methods. The appeal must be made through his eye. He wil
quickly accept new principles and practices if their value is demonstrated to him under the environment in which he
lives. ... Knapp's use of experiential learning was key to increasing the application of new practices in American
agriculture. He recognized that ‘There are some people in every community who are ready to take issue with everything
which may be offered. They can not argue against results. Lessons written upon the ground in the forms of better crops
and live stock can not fail to be convincing.” Knapp's teaching philosophy is relevant, both in modern times, and across
industries. Just as a farmer engaged in the early cooperative extension programs could see significant increases to their
own crop or livestock returns under guidance of the extension agents, so too can today's restoration practitioners see
improvements to their restoration programs, on-site and directly relevant to their situation, given guidance from our
proposed RES Agents. By continuing Knapp's mantra of ‘learning by doing’, RES agents can use experiential learning
and participatory action research to more effectively apply best practice methods in restoration. (Quotes taken from [19]).

Trendsin Plant Science

Figure |. Community Members Gather for a Farm Demonstration. Early implementation of Farmer's Institutes at
the turn of the 20th century allowed for cooperative extension agents to demonstrate best practice methods to farmers.
Reproduced, with permission, from Penn State University Archives.

Empower: Providing a Platform for Community-Driven Restoration Research

Utilizing the Cooperative Extension Service model to engage practitioners and scientists in
integrated practices, such as participatory action research and adaptive management, will
greatly enhance our ability to generate implementation-ready research for restoration. These
integrated learning models work to acquire knowledge in the context of application, and have
been implemented with great success in several agricultural [22—24], and environmental systems
globally [25-27]. More colloquially known as ‘on-farm research’, or ‘farm-driven research’, the
participatory action research scheme extends the concepts of experiential learning to a state of
‘action learning’, engaging the practitioner at an early stage of knowledge generation [28,29].
Following the adaptive management cycle allows for continued improvement and adjustment to
management programs and policies as needed [25-27,30]. This facilitates participation and a
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sense of ownership by stakeholders and practitioners, crucial to increasing the likelihood of
knowledge implementation and the long-term acceptance of innovations [29,31-34]. The
application of participatory action research additionally allows remote, at-risk, and underdevel-
oped regions to become empowered with the sense of ownership, confidence, and civic
engagement gained from community-based restoration [35]. The Cooperative Extension Service
reaches beyond barriers of Internet access, literacy, and poverty, bringing technologies to those
who need it most. For communities and stakeholder groups throughout the globe, the devel-
opment of a RES has potential for great successes; integrating communication through a proven
hierarchical infrastructure, educating using the highly preferred experiential learning model, and
empowering participants through participatory action research and community-driven restora-
tion. Importantly, through a RES, the (over) abundance of theory-based restoration ecological
publications would have an audience prepared to test and adapt theory into practice-based
outcomes. Furthermore, increasing participation of practitioners directs the research demand
towards ‘real-world’ issues and raises discussion during study addressing applicability and
implementation.

A Picture of the Restoration Extension Service

Cooperative Extension successfully interwove science and practice for the US agricultural
industry. A RES holds similar potential to unite science and practice in ecological restoration.
Cabin and colleagues [36] called for the development of such an organization; however, no
further explanation was given and little has been done towards implementation.

While the development of a RES could take many forms, we propose closely modeling the
Cooperative Extension Service framework, and attaching the program to pre-existing structures,
following a three-tiered system. For well-established restoration programs with a strong, active
science presence, continued efforts should be made to reward and enhance integrated practice
(such as participatory action research and adaptive management), promoting continued use of
science-based practice in on-the-ground projects. For programs with access to the infrastruc-
ture and resources of the Cooperative Extension Service in the USA, we propose developing an
enhanced RES branch, expanding the knowledge base and connecting key restoration stake-
holders, therefore facilitating integrated, science-based restoration practice. For programs in
countries without a pre-existing framework, the development of a new RES infrastructure may
be required. This boundary organization should closely follow the role and function of the
Cooperative Extension Service, providing resources, personnel, and structure to access and
mine current science for novel practices, convert these results into a practitioner-accessible
form, and efficiently disseminate the information through experiential learning and participatory
action research methods. To maintain a central umbrella body and strong cross-project
communication, we recommend utilizing a pre-existing international structure, such as the
global peak body for ecological restoration, The Society for Ecological Restoration (SER;
Figure 2). An organization such as SER offers a pre-existing hierarchical structure to work from,
with chapter, state, national, and international tiers". Furthermore, SER has a large and active
membership of scientists and practitioners from over 70 countries, facilitating initial awareness of
the new program, and increasing user wilingness. Previous efforts by SER to enhance the
scientist—practitioner relation serve as stepping-stones towards the fully optimized RES of the
future. The journal Restoration Ecology and its requirement to include an ‘implications for
practice’ section began to open lines of communication. Launch of the Global Restoration
Network" Internet database provides a searchable, centralized collection of restoration efforts.

The Global Restoration Network provides a starting point for the development of a more
comprehensive RES, capable of generating positive change in restoration around the globe.
The Global Restoration Network webpage provides a point of access, and a comprehensive
centralized database, yet it cannot stand on its own. Therefore, it is the role of the RES to facilitate
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implementation of this information, synthesizing research, and place it into the hands of
practitioners. Without the partnership of RES offices, and face-to-face interaction with extension
agents, dissemination of scientific knowledge and novel technologies will continue to struggle.
The RES agent, similar to the extension agent of the Cooperative Extension Service, would be
responsible for synthesizing data into accessible bulletins and demonstrations, and would work
with practitioners to provide relevant research topics to universities and research institutes for
investigation (Figure 2) (see Outstanding Questions). We suggest attaching the position to the
SER chapter structure, where the ‘RES Agent’ could become an additional position of the Board
of Directors, or could form a secondary responsibility of the current ‘General Board Member/
Representative/At Large’ positions. To maximize the effectiveness of this role, we recommend
making the RES Agent a full-time funded position. While we recognize that most ecological
restoration projects are at the local scale, funding possibilities could derive, for example, from
resource companies or consortia interested in large-scale restoration projects (Figure 2). By
establishing a tangible link between science and practice via local offices and RES agents, a RES
will drive restoration ecology on a path to success in meeting global restoration targets in the
face of unprecedented global environmental degradation.

Resources
" www.extension100years.net
" www.agridea.ch

www.alaska4h.org/

¥ www.ser.org

¥ www.globalrestorationnetwork.org

Y www.ecology.com/2014/04/08/shift-ecological-restoration/
Y www.europeangreenbelt.org/

viil

www landscapeperformance.org/case-study-briefs/tianjin-giaoyuan-park-the-adaptation-palettes

* www.worldbank.org/en/region/afr/brief/world-bank-support-for-great-green-wall-initiative

* www.wri.org/our-work/project/initiative-20x20

" www.biologicaldiversity.org/news/press_releases/2013/four-forests-restoration-initiative-08-12-2013.html
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Outstanding Questions

What is the current status of large-
scale restoration projects, with focus
on a formal study investigating their
success and/or status, and stakehold-
ers’ preferred method of communica-
tion and learning (across academics,
NGOs, industrial practitioners, and
community groups)?

How can the use of centralized online
databases, brick-and-mortar offices,
and face-to-face instruction be incor-
porated to optimize application of res-
toration best-practice methods?
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