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ABSTRACT. Invasive alien species are a serious threat to freshwater ecosystems and overall biodiversity. Although invasive alien species
management in the form of environmental governance has often been practiced under an adaptive governance scheme, prevailing
theoretical and practical difficulties must be solved to enhance policy effectiveness and outcomes. Our objective was to clarify how it
is possible to make adaptive governance work in biodiversity conservation, especially invasive alien species management in freshwater
ecosystems. To fulfill this objective, we investigated two analytical concepts—invasion management and adaptive governance—and
studied a case of invasive alien aquatic plant management in Lake Biwa, Japan. The conclusion of our analysis and the lessons learned
can be summarized as the following three points: First, whether learning processes are properly equipped by local environmental
governance is critical for adaptive governance. We provide insights into three aspects of learning: the system where scientific knowledge
is produced and shared for policy preparation, implementation, and evaluation; where social learning and processes that support social
learning occur; and where a process of organizational learning occurs. Second, we discuss the role and function of government in
adaptive governance, which indicates that interactive governance is possible even when a government initiates a governing process, and
that an interactive governing structure would be fundamental for addressing social-ecological complexities and uncertainties. Third,
the transition from symptomatic treatments toward precautionary actions for invasive alien species, which is essential for policy
effectiveness and outcomes, can be fostered by an interactive governing structure. In addition, organizational learning can induce the
transition, through which the competency trap caused by conformity bias in invasive alien species management could be avoided.
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INTRODUCTION

Freshwater ecosystems comprise a small fraction of the Earth’s
surface area, are particularly valuable among the types of
ecosystems, and are one of the most severely degraded ecosystems.
Notably, biodiversity is key to maintaining affordances provided
by freshwater ecosystems.

Invasive alien species (IAS) are a serious threat to freshwater

ecosystems and biodiversity, and must be addressed (e.g., Nakai
2009, Riccardi and Maclsaac 2011, Francis 2012). For example,
23 species of the “100 of the World’s Worst Invasive Alien
Species,” prepared by the International Union for Conservation
of Nature, are related to freshwater ecosystems. This situation
can be partly explained by the following: the physical distance
between human beings and freshwater ecosystems must be close
because water is essential for human beings and society, and
control efficiency in a water area is usually lower than that in a
land area.

Further, IAS cause substantial spatial and temporal threats to
overall biodiversity (and ecosystem services) because they often
alter ecological functions and processes, harm ecological
resilience, and trigger regime shifts (Chaffin et al. 2016). To make
matters worse, in an interim assessment of the progress of Aichi
Targets, the Global Biodiversity Outlook 4 emphasized that “the
efforts taken thus far are still overwhelmed by the global rate of
alien species introductions, which shows no sign of slowing”
(Secretariat of the Convention on Biological Diversity 2014:72).

Thus, to conserve freshwater ecosystems and biodiversity, how
should TAS management be developed? To answer this question,

we focus on three themes, all of which we explore theoretically
and empirically.

The first theme is that environmental governance has sometimes
been practiced in local TAS management. Although
environmental governance has no consistent, accepted definition
(Ohno 2018), the definition we use is a “set of regulatory process,
mechanisms and organizations through which political actors
influence environmental actions and outcomes” (Lemos and
Agrawal 2006:298), with the recognition that “governments are
not, and in fact cannot be, the most important source of
environmental decision-making authority” (Armitage et al.
2012:246).

The second theme is the concept of invasion management (e.g.,
Simberloff et al. 2013). This concept has been investigated mainly
in invasion ecology research, in which researchers have attempted
to answer the question of how IAS problems should be addressed
and can play a key role in effective environmental governance in
IAS management.

The third theme is adaptive governance (e.g., Dietz et al. 2003,
Brunner et al. 2005, Folke et al. 2005). It is also a key analytical
concept for exploring how environmental governance can (and
should) implement TAS management and biodiversity
conservation (Chaffin et al. 2016). Adaptive governance relates
mostly to “a range of interactions between actors, networks,
organizations, and institutions emerging in pursuit of a desired
state for social-ecological systems” (Chaffin et al. 2014).

Each of the three themes has unresolved problems or unanswered
questions. Regarding the first theme, the relationship between
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environmental governance and biodiversity conservation is not
obvious. For example, although IAS problems have often been
discussed in terms of public involvement (e.g., Davis et al. 2018,
Novoa et al. 2018, Shackleton et al. 2019), they have been
unsatisfactorily investigated in environmental governance studies.

Regarding the second theme, although the concept of invasion
management has been practiced, many practitioners have had
difficulty, especially in precautionary actions against IAS
problems (e.g., Riccardi et al. 2011, Kamigawara 2016). Notably,
the Global Biodiversity Outlook 4 states, “actions tend to be
concentrated on control and eradication, with relatively few
examples of actions to identify, prioritize and manage the
pathways of introduction” (Secretariat of the Convention on
Biological Diversity 2014:71).

Regarding the third theme, the concept of adaptive governance
has often had a gap between theory and practice; for example, the
tendency to be optimistic about the possibility of developing
common understandings, trust, and collaboration between
different interests and interest groups (Cleaver and Whaley 2018).

Our objective is to clarify how to practice adaptive governance in
biodiversity conservation, especially IAS management of
freshwater ecosystems, which contributes to solving the
aforementioned problems and answering the aforementioned
questions. To fulfill this objective, we further deploy two analytical
concepts—invasion management and adaptive governance—and
conduct a case study of invasive alien aquatic plant management
in Lake Biwa, Japan.

Lake Biwa, Japan’s largest lake, in Shiga prefecture, has a surface
area of 674 km?, a catchment area of 3848 km? and a population
of 14.5 million people who depend on the water supply from the
lake or its outlet, Yodo River. Lake Biwa is one of the world’s
most ancient lakes and has the most species-rich freshwater
ecosystem in Japan, with more than 60 taxa endemic to the Lake
Biwa system (Kawanabe et al. 2020). However, Lake Biwa has
had problems with proliferated IAS—for example, Micropterus
salmoides (largemouth bass) and Lepomis macrochirus (bluegill)
—which has resulted in serious degradation of the original
biodiversity (Nakai 2020). Since 2013, an intensive attempt has
been made to control invasive alien aquatic plants, namely
Ludwigia grandiflora ssp. hexapetala ([water primrose] referred to
as L. grandiflora, hereinafter), by practicing adaptive governance.
This is the reason why we choose it as the case study.

This paper is organized as follows: first, we more precisely discuss
the two analytical concepts; next, we provide a brief overview of
Japan’s invasive species policy framework and explore a case study
of adaptive governance in IAS management in Lake Biwa;
subsequently, we analyze the findings of the case study and then
present the conclusion.

ANALYTICAL FRAMEWORK

Invasion management

How should IAS problems be solved? Although this question has
been investigated as a theme of invasion management, mainly in
invasion ecology, the “guiding principles,” an annex in the
resolution document of the Sixth Conference of the Parties to the
Convention on Biological Diversity (CBD 2002), have often been
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referred to in this regard. Fifteen principles have been divided into
four categories (Table 1).

Table 1. Guiding principles for invasion management (Source:
UNEP/CBD/COP/6/20: https://www.cbd.int/doc/decisions/cop-06-

dec-23-en.pdf)

A. General Guiding Principle 1: Precautionary

approach

Guiding Principle 2: Three-stage

hierarchical approach

Guiding Principle 3: Ecosystem approach

Guiding Principle 4: The role of states

Guiding Principle 5: Research and

monitoring

Guiding Principle 6: Education and public

awareness

Guiding Principle 7: Border control and

quarantine measures

Guiding Principle 8: Exchange of

information

Guiding Principle 9: Cooperation,

including capacity-building

Guiding Principle 10: Intentional

introduction

Guiding Principle 11: Unintentional

introductions

D. Mitigation of Guiding Principle 12: Mitigation of impacts

impacts Guiding Principle 13: Eradication
Guiding Principle 14: Containment
Guiding Principle 15: Control

B. Prevention

C. Introduction
of species

For our analysis, we focus on guiding principle 2, which divides
invasion management into three stages and recommends the
following in accordance with this prioritization: focus on
“prevention” of the invasion first and foremost, “early detection
and rapid action” once an invasion has occurred, and
“containment and long-term control measures” if eradication is
not possible. In general, guiding principle 2 has been accepted by
invasion ecologists (Fig. 1).

Fig. 1. Management strategies for invasion management.
(Source: Modified Figure 1 from Simberloff et al. 2013)
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A summary of the essence of this strategy is as follows: First, this
concept is deeply related to the nature of harms caused by IAS,
which often cause irreversible damage to ecosystems (and
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ecosystem services) or, even if the damage is reversible, require
substantial resource inputs for a successful recovery. Therefore,
the success or failure of invasion management when conserving
biodiversity depends on the ability to prevent control factors that
cause the damage rather than reacting to the damage after it
occurs. Second, the risk of invasion is related. Because the number
of effective measures available at the local level is limited,
especially those for preventing invasion, eliminating the risk is
impossible. To minimize such risk effectively, measures should be
implemented in the multilayered, prioritized manner
recommended by this strategy.

Nevertheless, the elements of invasion management have been
proposed by invasion ecologists (and some practitioners). By
contrast, social or institutional conditions that make invasion
management possible remain unclarified; thus, we attempt to
clarify them.

Adaptive governance

In recent years, there has been growing metaresearch on adaptive
governance, another analytical concept of this paper, and the
essence has been well summarized (Plummer et al. 2013, Chaffin
etal. 2014, Karpouzoglou et al. 2016, Steelman 2016, Cleaver and
Whaley 2018, Sharma-Wallace et al. 2018). We discuss the
following issues, in line with our research objective.

First, adaptive governance assumes a flexible learning-by-doing
governing process in social-ecological complexity and
uncertainty, as the word “adaptive” indicates. Adaptive
governance is rooted in the idea of adaptive management (Holling
1978, Walters 1986), which emphasizes integrating ecosystem
dynamics with management structures, fostering experimentation
in policy design, and anticipating surprise as a tool for learning
(Karpouzoglou et al. 2016). Subsequently, the term “adaptive
governance” emerged to expand the focus from the management
of ecosystems to addressing the complexity of “broader social
contexts” within which people make decisions and share power
(Karpouzoglou et al. 2016).

Second, although scientific knowledge occupies a crucial position
in adaptive governance, it has sometimes been presented as the
antithesis of scientific management (Brunner and Steelman 2005,
Brunner and Lynch 2010): scientific management works only if
scientific reductionism is prevailing, problems in management are
mainly technical, or the decision-making structure is not
complicated. In summary, a difference between adaptive
governance and scientific management is how scientific
knowledge is collected and who uses it.

Third, the meaning of the word “governance” in adaptive
governance must be defined. The concept of governance has been
investigated in various fields of social science since the 1980s and
1990s, with a growing notion that governing structures and
processes gradually change worldwide (e.g., Bevir 2009, Ansell
and Torfing 2016). Until those two decades, the most traditional
and dominant means of steering society when attempting to
achieve common goals was state-centric authoritative governing
with formal, hierarchical, and bureaucratic command-and-
control governmental systems (“governing by government”).
Simultaneously, another style of governing, now described as
governance, gradually emerged. This style is related to socio-
political situations in which there is a greater interdependence
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between government and society, a plural and polycentric
governing structure, and a networking interactive process between
the government and private and civil society actors and between
thelocal, national, and global levels (“governing by governance™).

Therefore, governance generally relates to actors’ relationships
(horizontal axis) and/or spatial relationships (vertical axis).
Notably, adaptive governance also focuses on the time axis. The
existence of the aforementioned three stages of invasion
management may suggest the necessity for an adaptive
governance approach that has a time axis perspective.

Fourth, the type of horizontal relationship between various
stakeholders necessary for adaptive governance at the local level
has not been well identified. Thus, there are challenges in the
operationalization of adaptive governance caused by a lack of
understanding of the mechanisms, preparation, and frameworks
necessary for the transition to adaptive governance in practice, as
well as by limited knowledge of the barriers within institutions
and regulatory frameworks to successfully plan and implement
adaptive governance frameworks (Sharma-Wallace et al. 2018).

Fifth, the theme of “government in adaptive governance” should
also be explored regarding the operationalization of adaptive
governance, which has been understudied in adaptive governance
research. Discussions concerning “government and governance”
can be referred to here and have been presented in social scientific
governance studies (e.g., Rhodes 1996, Peters and Pierre 1998,
Jordan et al. 2005). In the early era of governance studies, there
was an increasing, prevailing recognition of a governing system
by using a “from government to governance” analogy in
descriptive and/or normative claims (and some advocated
“governance without government” at the extreme), which implied
the existence of a rigid government-governance dichotomy.
Regarding our research object, however, the role and function of
government in governance should be further clarified because
governments are responsible for IAS management in many
countries and situations.

CASE STUDY: INVASIVE ALIEN AQUATIC PLANT
MANAGEMENT IN LAKE BIWA

Japan’s invasive species policy framework

Before discussing IAS management practice in Lake Biwa, we
provide a brief overview of Japan’s invasive species policy
framework. The most fundamental policy is the Invasive Alien
Species Act, enacted in 2004: its purpose is to “ensure biological
diversity,” “protect human life and body,” and provide “sound
development of agriculture, forestry, and fisheries,” to designate,
regulate, and control “Specified Invasive Alien Species.” In
addition, the National Biodiversity Strategy of Japan includes
invasion management as one of its national targets. Based on
these policies, two frameworks, “The Basic Policy for Preventing
Damage to Specified IAS” and “The Action Plan for Preventing
Damage to Alien Species,” have been created; the latter framework
requires the following from local governments:

formulate regional biodiversity strategies for conserving
local biodiversity and the sustainable use of its components.
Based on these strategies, comprehensive measures against
IAS should be promoted by local governments; for example,
enacting ordinances or recording the types of IAS by
clarifying priority control targets in the region;
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raise awareness about the IAS that damage local ecosystems,
in accordance with the natural and social conditions of the
region, and monitor IAS for the purpose of early detection,
control, and data collection by experts and citizens to
prevent new IAS from damaging local ecosystems;

in cooperation with surrounding local governments,
conduct urgent eradication of IAS that have initially invaded
the area to preserve local biodiversity and ensure the local
residents’ security and property, as well as systematic
activities to effectively control IAS that have already
established themselves and caused significant damage; and

foster human resources, for example, by providing training
to the individuals who conduct the eradication, to maintain
and further develop IAS eradication because most of the
eradication of IAS in Japan requires the active involvement
of the community in which the species is established.

Thus, what enables adaptive governance in invasion management
to address these issues? What are the social and institutional
barriers that hinder the emergence and functioning of such
adaptive governance? We attempt to answer these questions.

Lake Biwa and Ludwigia grandiflora

L. grandiflora is an aquatic plant that is native to South America
and southern North America and is a typical example of an IAS
that is causing problems such as the exclusion of native plants,
habitat degradation for fish and benthic animals, obstruction of
fish migration, and obstruction of vessel navigation and fisheries
(Nakai 2020) (Fig. 2).

Fig. 2. Ludwigia grandiflora in Lake Biwa, and its control.
(Photos: Katsuki Nakai)

L. grandiflora has characteristics that make it an IAS. First, this
perennial herb grows rapidly, can overwinter despite its tropical
and subtropical origin, and has a community size that expands
annually. Second, L. grandiflora has a vegetative propagation
habit such that it grows as a new individual when small fragments
of stems and leaves take root; it also exhibits a seed-breeding
habit. Due to this flexibility in reproduction, L. grandiflora has a
remarkable ability to expand its distribution. Third, ecologically,
this perennial herb is amphibious, not purely aquatic; a single
individual will extend its stems and leaves not only along the water
surface but also on the ground, and if an individual starts growing
on the land, it can live for many years, although it apparently
grows more rapidly and densely in water.

Because of these features, the spread of L. grandiflora is
aggravated by meteorological factors such as rising water levels
after heavy rainfall and strong waves caused by typhoons, which
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generate “terrestrial” individuals that have difficult-to-remove
roots that penetrate into the hardened land. Therefore, to
effectively control the growth area and distribution, we expect
that the introduction of efficient, large-scale suppression methods
and the establishment of a widespread vigilance system are
necessary.

Effective control of L. grandifiora is difficult for the following
reasons (e.g., Mineta et al. 2020). First, this plant spreads stems
and leaves along the surface of the water and grows densely under
the water surface (up to 40 kg/m?®); thus, carrying the plants
removed from the water directly to the land or lifting them up
onto a boat for transportation is difficult. In addition, the size of
the community often exceeds several thousand square meters;
thus, specialized machines with strong physical power, such as a
special water-grass cutter (e.g., harvester) or construction
equipment (e.g., swing yarder), are required to control the
communities growing in a large population.

Second, although these specialized machines can collect a large
amount of L. grandiflora, it is essential to conduct careful manual
removal from the areas where the older, heavier stems are growing
along and rooting into the bottom substratum because they
neither float nor are easy to collect. In addition, stems and leaves
within the water are easily broken, and fragmented leaves and
stems easily drift and produce new plants. Therefore, for effective
control, it is important to reduce the number of remaining
unfloating stems and drifting plant fragments as much as possible.
In particular, it is recommended that the water surface of the work
area be enclosed with a floating fence, and floating plant
fragments should be carefully collected by a small boat. Moreover,
regular patrols and monitoring are necessary to prevent the
regeneration of the community from the remaining stems and
roots on newly drifted fragments, even after the intensive removal.

Third, even removals based on these considerations are
technically difficult when attempting to effectively remove
communities that are deeply rooted in the terrestrial part of a
masonry revetment or that are intermingled with other emergent
plants such as reeds (Phragmites australis) and knotgrass
(Paspalum distichum var. indutum). Although researchers have
begun to explore the possibility of using chemical treatment—for
example, an application used in the United Kingdom
(Kamigawara et al. 2020)—careful evaluation procedures are
necessary because some of the chemicals, such as herbicides,
contain components that harm ecosystems (especially aquatic
plants and phytoplankton) and human health.

Fourth, proper treatment and disposal of the large amount of
removed plants are difficult. Although composting is a promising
method for the disposal of many mown plants, L. grandiflora is
amphibious, desiccation-resistant, and has a high potential for
regeneration from plant fragments, such as small pieces of stems
and leaves, and germination from seeds; thus, composting poses
the risk of regeneration. Therefore, incineration or burial is the
safe disposal method.

Fifth, additional limitations must be resolved. Most notably, in
Japan, mown plants are legally treated as “general waste” without
commercial value, and municipalities are responsible for
accepting and processing disposal, including “general waste.”
This policy indicates that cooperation with municipal
governments is indispensable to the smooth promotion of control.
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Sixth, for disposal by incineration, L. grandiflora removed from
aquatic habitats must be sufficiently dried, and land must be
secured for temporary storage. Additionally, during the storage
for drying, the roots must be prevented from growing into the
ground. Thus, if the ground is unpaved, control measures must
be undertaken; for example, laying sheets or pallets on the ground
and covering the entire area with sheets to prevent dried stems
and leaves from being scattered by the wind or getting wet from
the rain.

In and around Lake Biwa, L. grandiflora was first identified in
Akanoi Bay, located on the eastern coast of the southern basin
of the lake, in December 2009 (Mr. Minoru Kuribayasi, personal
communication); however, the invasion might have begun before
2007 (Hieda et al. 2016). Before the 2010s, L. grandiflora was
found in three other prefectures (Hyogo, Wakayama, and
Kagoshima), which are at least 30 miles from each other: the
populations in Hyogo and Wakayama prefectures are the L.
grandiflora subsp. grandiflora, and those in Shiga and Wakayama
are the L. grandiflora subsp. hexapetala. (Hieda et al. 2020). Both
subspecies of L. grandiflora are an ornamental aquatic plant with
large, brightly colored flowers, and are presumed to have been
imported from abroad through several routes.

In 2004, when the Invasive Alien Species Act was enacted, there
was no recognition of L. grandiflora’s feralization in the wild in
Japan, and there was little information on its invasiveness. In
response to its dramatic increase and severe ecological impacts in
Lake Biwa, L. grandiflora was designated as a “specified Invasive
Alien Species” in June 2014, and its rearing, cultivation, storage,
and transportation were strictly regulated, accordingly.

In Lake Biwa, the range of L. grandiflora rapidly expanded to
cover most of the southern basin area and gradually spread to
the northern basin area (Fig. 3), which suggests that its
distribution expanded through the natural behavior of birds and/
or unconfirmed human activities. The distribution range
gradually expanded downstream from Lake Biwa, beyond the
border of Shiga prefecture, because the water of Lake Biwa flows
down and through its only outlet, the Yodo River, which runs
through Kyoto and Osaka prefectures and the Lake Biwa Canal,
and supplies water to Kyoto city.

Invasive alien aquatic plant management in Lake Biwa'”

After the enactment of the Invasive Alien Species Act in 2007,
the naturalization of Specified Invasive Alien Species such as the
Senegal tea plant (Gymnocoronis spilanthoides) and alligatorweed
(Alternanthera philoxeroides) was confirmed in Lake Biwa.
Immediately after that confirmation, volunteer experts
implemented activities to eradicate those plants, and
subsequently, the Shiga prefectural government followed with
eradication efforts. The distribution of L. grandiflora spread
dramatically after its first confirmation in 2009; thus, another
volunteer attempt was conducted to manage the plant’s growing
population. The volunteer experts invited a leading aquatic
botanist (Professor Dr. Y. Kadono) to observe the established
large-scale community of L. grandiflora. He strongly
recommended to the governor of Shiga prefecture that intensive
efforts be implemented to eradicate L. grandiflora. In response,
the Shiga prefectural government conducted intensive removal of
L. grandiflora during its alien species monitoring project in 2013,
and the necessity of large-scale efforts for effective control of the
plant was strongly recognized.
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Fig. 3. Total vegetation area of Ludwigia grandiflora in Lake
Biwa. (Data: Lake Biwa Special Council for Invasive Aquatic
Plants, Shiga prefecture)
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In 2014, the Lake Biwa Special Council for Invasive Aquatic
Plants was established by the Shiga prefectural government, with
subsidies from the Ministry of the Environment. The council’s
purpose is “to contribute to the conservation and regeneration of
biodiversity in Lake Biwa by promoting measures against invasive
aquatic plants” (Article 3 of the council’s code). The council
members are from several divisions of the Shiga prefectural
government, municipalities along the Lake Biwa shore, civil
organizations, and fisheries cooperatives. The council conducts
most of the project activities for controlling invasive alien aquatic
plants, which are financed by the prefectural government and
subsidies from the Ministry of the Environment; thus, non-
prefectural members incur no financial burden.

In terms of our research objective, what is most essential is the
role of each council member. First, most of the IAS plant
communities are distributed in Lake Biwa, satellite lakes, and
lower reaches of inflowing rivers, which are managed mostly by
the Shiga prefecture government. Thus, the Shiga prefecture
government plays a major role in the proper control of IAS plants,
not only in the areas under its management but also in the other
areas where the [AS plant communities often grow so densely that
local non-prefectural members cannot eliminate them by their
own efforts. The non-prefectural members also conduct their
activities at the local level, and municipalities gather information
on new findings from residents. The council members in
equivalent positions cooperate to address IAS problems and
propose initiatives to accomplish those objectives.

Second, the Nature Conservation Division of the prefectural
government is the secretariat of the council, and one of the staff
in charge is a curator (ecologist) of the Lake Biwa Museum. This
enables the secretariat to link policy and science, and to function
as a hub for a network of researchers.

Most of the prefectural government’s measures implemented
against L. grandiflora are in the form of the council’s projects,
described in detail by focusing on the council’s annual expenditure
(Fig. 4).

Since the inception of the council’s projects in 2014, most of the
expenditures have been for the treatment of a substantial amount
of collected plants; other expenditures have included the removal
of the plants from the wild, storage of plants for drying and
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Fig. 4. Total annual expenditure by the Lake Biwa Special
Council for Invasive Aquatic Plants (thousand Japanese yen).
(Data: Lake Biwa Special Council for Invasive Aquatic Plants,
Shiga prefecture)
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reducing weight, and disposal of plants through incineration.
Heavy machinery is used for large-scale removal of overgrown
communities. In the beginning, the ability of L. grandiflora to
regenerate from the remaining plant bodies, and the presence of
numerous small-sized populations, especially on the western shore
of the southern basin—both of which are the major cause of the
unexpected “rebound” after the initial intensive removal efforts
—were not properly expected. This increasing trend, with an
uncertain background, continued until 2016, and was often
accompanied by IAS management. In the process of the project’s
operation, the members had to respond flexibly to various
unexpected situations, such as rapid regeneration of communities
from plant fragments remaining or drifted in the removal sites,
sudden appearance in the sites without the establishment of large
and/or long-lasting communities such as the northern basin area,
and unexpected migration in high-elevation or upstream
directions because of typhoons. These situations required
additional efforts for the project’s operation, with increasing
frequency, supported by supplementary budgets. In response to
the increasing scale of the project, and the accumulated
information obtained through this process, the areas were
classified into several categories according to the risk priorities,
such as further dispersal, obstacles to cruising and fisheries, and
invasion into areas to be protected in subsequent years.

Notably, “devices for field experiments and expansion
prevention” and “patrol and monitoring” have been added since
2017 (Fig. 4). As the growth area decreases, efforts are expanded
to prevent the next development, such as the use of containment
technology (anti-diffusion nets and shade sheets), ecological
surveys (measurement of dissolved oxygen in the water under the
community), and early detection, especially in unexpected areas.

Moreover, though not directly expressed as an expenditure item,
the prefectural government has provided various supports for
council members; for example, it provides necessary equipment
(e.g., long boots, large blue tarps, mesh bags for collection),
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coordinates with municipal governments, and complies with
regulations under the IAS Act and the Waste Disposal and Public
Cleansing Acts.

ANALYSIS AND DISCUSSION

Adaptive governance as three learning processes

The analysis suggests that whether learning processes are properly
equipped by local environmental governance is critical for
adaptive governance. The word “learning” in the prior sentence
comprises three elements. The first element is the production and
sharing of scientific knowledge. In this case, the scientific
knowledge of and control technology for L. grandiflora are
produced and shared through activities: policy preparation,
implementation, and evaluation. For example, the council has
conducted annual intensive research on this plant’s distribution
on the lake shore and surrounding waters, including satellite lakes
and creeks and rivers close to the lake, and the distribution map
has been updated, which provides fundamental information for
setting priority areas for the project. Another example is that the
council conducts field experiments such as using nets for diffusion
prevention and using shade sheets for proliferation control,
through which the ecology of L. grandiflora in Lake Biwa is
gradually clarified.

Thesecond elementis a type of social learning, which is sometimes
elaborated in the natural resource management context, and is
defined as “a change in understanding that goes beyond the
individual to become situated within wider social units or
communities of practice through social interactions between
actors within social networks” (Reed et al. 2010). The reason why
social learning is essential for IAS management has been
explained. For example, IAS problems and the resulting
ecological disturbances can propagate across jurisdictions, and
management strategies propagate across social networks of
managers; social learning can compensate for the weakness of
individual learning and in the case that outcomes are difficult to
observe or are delayed over long periods, as is often the case with
IAS management (Baggio and Hillis 2018). Research has also
shown that processes that support social learning involve
sustained interaction between stakeholders, on-going deliberation,
and the sharing of knowledge in a trusting environment (Cundill
and Rodela 2012), which conforms to our case study. The case
study indicates that local environmental governance could foster
communication between various actors if it is designed to create
an interactive relationship. Notably, the council is also a forum
for the prefectural government to explain new findings on the
distribution and growth status of target species and other urgent
concerns, and for the members of the prefectural government to
consult with each other to facilitate the operation and
implementation of the project.

Third, organizational learning, an idea in organizational theory,
is also essential for effective adaptive governance. Although it has
multiple definitions, it contains changes in the organization’s
knowledge through the common organizational experiences and
process change through which an organization produces new
knowledge and has the potential to influence cognitions, theory-
in-use, behaviors, and performances of the organization (e.g., Fiol
and Lyles 1985, Huber 1991, Argyris and Schon 1996, Easterby-
Smith and Lyles 2003, Argote and Miron-Spector 2011). In the
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section Transition toward precautionary actions, in the context of
our case study, we discuss the function of organizational learning
or how organizational learning induces effective adaptive
governance.

Government in adaptive governance: primus inter pares in
interactive governance under social-ecological complexities and
uncertainties

The case study indicates the following lessons concerning the role
and function of government in making adaptive governance
work: first, government in adaptive governance could be
expressed as a primus inter pares (“first among equals”), a
metaphor sometimes used in governance theories. This idea is
largely applicable to the case where interactive governance is
possible even when the government initiates a governing process.
Moreover, this implies that the government-governance
dichotomy is also inappropriate in adaptive governance debates.

Second, we identified in the case study that non-prefectural
members do not petition the prefectural government to remove
IAS, and the prefectural government does not mobilize non-
prefectural members for IAS removal. This finding implies that
such an interactive governing structure would be fundamental for
addressing social-ecological complexities and uncertainties. In
this case, unexpected incidents such as IAS re-proliferation after
intensive removal efforts, IAS diffusion by typhoons, and shortage
of drying spaces and incinerators were expeditiously addressed
by each member, with flexible supports provided by the
government.

Transition toward precautionary actions for invasive alien species
fostered by interactive governing structure and organizational
learning

In the prior section, we discussed that the success or failure of
invasion management depends on the ability to take
precautionary actions against IAS problems rather than reacting
to the damage after it occurs, and that many practitioners, in
general, have often had difficulty in doing that. By contrast, since
2017, the council has succeeded in a transition to “early detection”
(Fig. 1). Why is there a difference? Our exploration suggests the
following two factors.

First, the difference is at least partly ascribed to an interactive
feature of the governing structure, in terms of the relationship
between government and non-government actors, and between
non-government actors. In Lake Biwa, demand is emerging for a
careful, precise response to the relatively small communities of
L. grandiflora growing on masonry revetment, which are
technically difficult to remove, and on lakeshores. A local
environmental governance system such as the council, where
various actors communicate and cooperate, would help make the
“early detection” strategy easier (Fig, 1), to some extent. In this
case, for example, some council members, government, or non-
government actors regularly monitor and visit the site to assess
the necessity for emergency measures.”! If the relationship
between actors is vertical, organized in line with the principle of
petition or mobilization, no such voluntary initiatives are
implemented.

An interactive governing structure has another potential benefit;
in the case of adaptive governance, it contributes to raising
awareness about the risks of IAS. A local environmental
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governance system in which various actors are involved and
interactive relationships between them are established can easily
gather, accumulate, and share scientific knowledge and related
information. This feature would facilitate outreach efforts to the
local community and the general public to raise awareness about
IAS or to demonstrate the importance of “early detection” and
“prevention” strategies (Fig. 1).

Second, organizational learning can help make precautionary
measures possible. In organizational theory, organizational
learning is often divided into two types, which are expressed as,
for example, “single-loop and double-loop” (Argyris and Schon
1996), “lower-level and higher-level” (Fiol and Lyles 1985), or
“exploitation and exploration” (March 1991). Generally, the
former is composed of inferences from history, which guides the
organization’s routine and does not change the value system of
action and organization. The competency trap caused by
conformity bias easily occurs in this situation, especially when
certain achievements blind the eyes to the procedural inferiority.
Thisstructure explains, at least partly, why IAS management often
tends to concentrate on removal, not precautionary measures.

By contrast, the latter is a heuristic one with a change of the value
system, relevant in coping with uncertainty when managing
complex systems. The case study suggests that the council has
been avoiding the competency trap by accumulating information
from monitoring, which enables the members to address
unexpected events and results.

CONCLUSIONS

How can IAS management in freshwater ecosystems (and further,
biodiversity conservation) enhance policy effectiveness and
outcomes under such situations where a government is no longer
the sole actor in environmental governance; high social-ecological
complexity and uncertainty should be considered; precautionary
measures are superior to doing it in a symptomatic treatment,
which does not fight against causes; and governing structure and
process should be interactive? We have attempted to explore this
question through the lens of invasion management and adaptive
governance, and a case study of invasive alien aquatic plant
management in Lake Biwa, Japan.

Our analysis has provided valuable practical lessons and
theoretical implications, and we have advanced the understanding
of adaptive governance in Japan and Asia, the research on which
has been relatively poorer than that of European countries and
the United States.

! The various definitions of TAS (e.g., Heger et al. 2013) depend
partly on whether this topic is explored academically or
practically. Notably, a discussion of the details of the definitions
is beyond the scope of this paper; therefore, we use the following
definition: “an alien species whose introduction and/or spread
threatens biological diversity” (CBD 2002).

P! This section is based largely on general meeting materials of
the Lake Biwa Special Council for Invasive Aquatic Plants
council.

Bl In ecological field studies, volunteer engagement has been
observed in scientific research such as ours, and has involved
gathering information or monitoring at broad special and
temporal scales, which is called citizen science (e.g., Cooper et al.
2007, Bonney et al. 2009, Dickinson et al. 2012).
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